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1. Purpose
In attempt to reduce the scattered radiation to the patient during diagnostic CT scanning and CT
fluoroscopy-guided procedures, a novel tungsten antimony shielding device was used, and its effects on
scattered radiation to lens, thyroid, breast, and gonads were studied on both adult and pediatric phantoms.

2. Methods and Materials
MATERIALS
Using a 16 multi slice Phillips Mx8000 IDT CT scanner (Phillips Medical Systems, Cleveland, OH) scattered
radiation to adult and pediatric anthropomorphic phantoms was measured with an electronic dosemeter to
several organs that are sensitive to radiation scatter: the male and female gonads, thyroid gland, lens, and
breast. For both adult and pediatric phantoms, scattered radiation measurements were taken with and without
shielding during multiple routine diagnostic computed tomography (CT) protocols and four routine
CT-fluoroscopy (CTF) interventional procedures (Tables 1 & 2).
TABLE 1: Diagnostic CT scan protocols in which scattered radiation was measured.
see Mediafile [2]
TABLE 2: Interventional CT-Fluoroscopy procedures for which scattered radiation was measured.
see Mediafile [6]
Phantom
The anthropomorphic RANDO® phantom (The Phantom Laboratory, Salem, NY) is a natural human skeleton
that has been reconstructed with a proprietary urethane formulation that simulates muscle tissue with randomly
distributed fat (Figure 2). For more info, visit http://www.phantomlab.com

Dosemeter
The dosemeter (Educational Direct Dosemeter, Unfors Instruments, Billdall Sweden) provides an immediate
measurement of the radiation dose and dose rate to a body part via a small sensor that is attached to a cable. In
order to provide more accurate measurements of scattered radiation to a specified body region, the sensor is
small enough to be placed on the surface or between the body slices of the phantom. In addition, the sensor can
measure scattered radiation from all angles and is easily resetable (Figures 3 & 4).

Shielding
The RadPad (Worldwide Innovations and Technologies, Overland Park, KS) shielding device is a tungsten
antimony lead-free material weighing less than 3 lbs. and having dimensions of 2 x 6 feet and less than 5 mm in
thickness. For each diagnostic and interventional modality, radiation dose measurements were performed first
without shielding and then with the shield wrapped around the phantom in various geometries.
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METHODS
Diagnostic CT Scanning
Scattered radiation was measured with and without shielding during the diagnostic CT scan protocols described
above (Table 1). The phantom was shielded in four different geometries: one layer 180° (Figure 5), two layers
180°, one layer 360°, and two layers 360°. Commerically available CT scan parameters for head, chest,
abdominal, and pelvic CT were used (Table 3).
Interventional CT-Fluorscopy (CTF) Procedures
Similarly, scattered radiation was measured with and without shielding during adult and pediatric CTF
procedures (Table 2 above) of variable length. In order to standardize the simulated procedures (1-30 frames at
approximately 1.2 frames per second), the duration of the procedure was defined as the number of frames used,
rather than an actual length of the procedure. Three different shielding configurations were used: one layer 180°,
one layer 360°, and two layers 360°. A window of 5 cm was left in the plane of shielding (2.5 cm cranial to and
2.5 cm caudal to the area of interest).

3. Results
A reduction in scattered radiation was seen in all configurations of diagnostic CT scanning and interventional
CTF procedures for both adult and pediatric phantoms (Tables 4-7). Although the reduction in scattered
radiation varied depending on the organ and its proximity to the epicenter of the radiation field, increasing layers
of the RadPad resulted in less scattered radiation for all diagnostic CT protocols and nearly all CTF procedures
-- the most reduction seen with a double layer of 360° shielding.
Diagnostic CT Shielding
The most reduction from shielding was observed in the lens on all configurations of chest, abdomen, and pelvic
CT scanning in both adult and pediatric phantoms. With double layered 360° shielding in the adult phantom
during pelvic CT, the maximum scattered radiation reduction was 43%, 92%, 81% and 74% to the lens, gonads,
thyroid, and breast, respectively. (Figures 6 & 7-- Note: In order to better delineate the reduction in radiation
scatter to the lens, thyroid, and breast, Figure 7 presents the corresponding data in log scale.)
During diagnostic head CT in the pediatric phantom, the reduction in scattered radiation with single layer 180°
shielding (Table 5A) was 24%,15% and 22% to the female gonads, male gonads, and breast, respectively. With
double layer 360° shielding, this reduction was maximized to 89%, 80%, and 55%, respecitvely, (Figure 8).

Interventional CT-Fluoroscopy (CTF) Procedures
Accordingly, as the number of frames per second increased during CTF procedures, the amount of scattered
radiation also increased (Table 6). While a minimal reduction in scattered radiation was seen with 180° of one
layer shielding, a double layer of 360° shielding did provide a significant decrease in scattered radiation to the
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adult and pediatric phantoms. During adult and pediatric abdominal procedures, one layer of 180° shielding
resulted in a 12.6% and 5.4% reductionin scattered radiation to the eye, respectively. When a double layer of
360° shielding was used, this reduction dramatically increased to 92.3% and 84.8%, respectively (Figure 9).
Similar reductions in scattered radiation were seen during adult and pediatric chest procedures (Table 7).

4. Conclusion
Although vastly improved equipment and safety conditions have dramatically reduced patient and personnel
exposure to high levels of ionizing radiation, recent technological advances have markedly enhanced the clinical
application of diagnostic radiology, most notably CT.1Medical radiation is the largest source of man-made
radiation and the second largest source of radiation exposure next to natural background radiation. In large
hospitals, CT scanning can account for up to 15% of all radiology procedures and nearly 75% of the radiation
dose received by patients.2As a result, radiation doses from CT have piqued much interest recently in regards to
potential cancer risk and other health hazards.
The Beir VII report3, for example, finds that a "linear-no-threshold" risk model exists regarding ionizing radiation.
It supports the hypothesis that the risk of cancer increases in a linear fashion at lower doses without a minimum
threshold. More importantly, even the smallest dose of radiation has the potential to cause a slight increase in
cancer risk. When taking the above risk model into account, the increasing use of diagnostic CT and the high
radiation exposure of CT-fluoroscopy presents a concern to both the patient and radiology personnel.
In this study, attempts to reduce the amount of scatter radiation with a tungsten antimony shield were performed
in keeping with the As Low As Reasonably Achievable (ALARA) principle. Diagnostic CT and interventional
CT-fluoroscopy (CTF) procedures were studied in anthropomorphic phantoms. Because the breast, lens, and
gonads are frequently in the CT beam pathway and have a lack of overlying tissue to partially absorb some of
the dose, these organs are particularly radiosensitive.4
In the United States, the number of pediatric abdominal and pelvic CT examinations on children less than 15
years old has increased 92% between 1996 and 19995, especially in pediatric patients and young adults. Hence,
both adult and pediatric phantoms were used in this study.
Our data shows that the tungsten antimony shield appears to be an ideal, lightweight, and durable shielding
material for diagnostic CT scanning and interventional CTF procedures. While a single layer of 180°shielding
provides some protection from scattered radiation, using a double layer of 360° protection provides the most
benefit. Some organs, most notably the gonads in temporal bone CT, experience a reduction of nearly 100% in
scattered radiation exposure with maximal shielding. This reduction is significant in the context of the increasing
use of diagnostic CT in the pediatric population and their increased sensitivity to radiation as compared to
adults.6Additionally, the significant reduction in scattered radiation with shielding during CTF procedures which
inherently has higher radiation exposure is a prime example of achieving the ALARA concept.
The use of shielding significantly reduces scattered radiation to the patient in an easy, painless, and inexpensive
manner. The sterile pad is currently commercially available for $39 US dollars per pad [verbal communication
Worldwide Innovations and Technologies].
This study supports the rationale that protection from scattered radiation can be improved significantly and at a
relatively low cost and inconvenience to the patient. Ongoing studies looking at scattered radiation to radiology
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personnel during fluoroscopic and interventional CT procedures have been presented.7
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7. Mediafiles
Mediafile 1:
FIGURE 2: Phantom with dosimeter displayed

Mediafile 2:

Mediafile 3:
TABLE 4B: Amount of Scattered Radiation During Diagnostic CT With
and Without Shielding in Adults (cont.)

Mediafile 4:
TABLE 4A: Amount of Scattered Radiation During Diagnostic CT With
and Without Shielding in Adults (cont.)
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Mediafile 5:
TABLE 4C: Amount of Scattered Radiation During Diagnostic CT With
and Without Shielding in Adults (cont.)

Mediafile 6:

Mediafile 7:
TABLE 3: Commercially available diagnostic CT scan parameters.

Mediafile 8:
FIGURE 2: Adult Anthropomorphic Phantom (The Phantom Laboratory,
Salem, NY)

Mediafile 9:
FIGURE 3: Dosemeter (Educational Direct Dosemeter, Unfors
Instruments, Billdall Sweden)

Mediafile 10:
FIGURE 4: Phantom with dosemeter displayed.
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Mediafile 11:
FIGURE 5: One layer of shielding wrapped 180° around phantom.

Mediafile 12:
TABLE 6: Scattered Radiation in Adult & Pediatric Phantoms WITHOUT
Shielding During Interventional CT-Fluoroscopy Procedures.

Mediafile 13:

Mediafile 14:

Mediafile 15:

Page 8

Mediafile 16:

Mediafile 17:

Mediafile 18:
FIGURE 8: Effect of Shielding During Diagnostic Head CT in Children. A
reduction in scattered radiation by 22.3% to the breast was seen with
one layer of 180°. This reduction increased to 55% when a double layer
of 360° shielding was used.

Mediafile 19:
FIGURE 6: Effect of Shielding During Pelvic CT

Mediafile 20:
FIGURE 7: Logarithmic Graph of the Effect of Shielding During Pelvic
CT. A reduction in scattered radiation by 92% was seen to the thyroid
with increased shielding.
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Mediafile 21:
TABLE 7: Scattered Radiation in Adult & Pediatric Phantoms WITH
Shielding During Interventional CT-Fluoroscopy Procedures

Mediafile 22:
FIGURE 9: Shielding in Adult Phantom During Abdominal Procedure

Mediafile 23:
TABLE 7: Scattered Radiation in Adult & Pediatric Phantoms WITH
Shielding During Interventional CT-Fluoroscopy Procedures

Mediafile 24:

Mediafile 25:
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Mediafile 26:

Mediafile 27:

Mediafile 28:
TABLE 6: Amount of Scattered Radiation During Interventional CT
Procedures With and Without Shielding in Adults and Children

Mediafile 29:

Mediafile 30:
Pediatric CT table 1
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Mediafile 31:
Pediatric Ct table 2

Mediafile 32:
FIGURE 6: Shielding in Adult Phantom During Pelvic CT

Mediafile 33:
FIGURE 7: Shielding in Adult Phantom During Pelvic CT (Log Scale).

Mediafile 34:
FIGURE 8: Shielding in Pediatric Phatnom During Diagnostic Head CT.
A reduction in scattered radiation by 22.3% to the breast was seen with
one layer of 180°. This reduction increased to 55% when a double layer
of 360° shielding was used.

Mediafile 35:
FIGURE 9: Shielding in Adult Phantom During Abdominal Procedure
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Mediafile 36:
TABLE 5A: Amount of Scattered Radiation During Diagnostic CT With
and Without Shielding in Children

Mediafile 37:
TABLE 5B: Amount of Scattered Radiation During Diagnostic CT With
and Without Shielding in Children (cont.)

Mediafile 38:
TABLE 6: Scattered radiation in adult & pediatric phantoms WITHOUT
shielding during interventional CT-Fluoroscopy procedures. Scattered
radiation increased as the numbers of frames increased.

Mediafile 39:
TABLE 7: Scattered radiation in adult & pediatric phantoms WITH
shielding during interventional CT-Fluoroscopy procedures. Maximum
shielding was seen with a double layer 360° shield.
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