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Abstract

Trends in the entrance skin exposures (air kerma) for standard x-ray imaging procedures are reported for the
Province of Manitoba, Canada. Average annual data per procedure using standard phantoms and standard ion
chambers have been recorded since 1981. For example, chest air kerma (backscatter included) has decreased
from 0.14 to 0.09 mGy. Confounding factors may negate the gains unless facility quality control programs are
maintained. The data were obtained for a quality assurance and regulatory compliance program. Quoting such
data for risk evaluation purposes lacks rigor hence a compartment model for organ apportioning, using organ
absorbed doses and weighting factors, has been applied to determine effective dose per procedure. The effective
doses for the standard procedures are presented, including the value of 0.027 mSv (1999) calculated for the
effective dose in PA chest imaging.

1. Introduction

The Canadian province of Manitoba lies in mid continent with a population of 1.2 million
persons. Health care facilities are distributed throughout the province with tertiary care
concentrated in the provincial capital of Winnipeg. Radiation Protection Services is mandated
by the Province to provide x-ray regulatory services for the health care facilities. An
inspectorate group operating from the Medical Physics Department of CancerCare Manitoba
surveys medical x-ray facilities annually. A compliance review is conducted during each
survey and guidance is provided (and demonstrated) for changes in techniques that will
maintain film density and image quality as well as controlling patient dose.

Legislation does not specify dose limits for entrance skin exposures in specified procedures.
Rather the province-wide averages of the previous year's surveys are used to benchmark the
entrance skin exposures for the current year's surveys. Entrance skin exposures are measured
with selected phantoms in place, the thickness of the phantom being varied according to the
procedure in order to simulate the patient. The year-by-year entrance skin exposure data for
standard procedures have been tabulated to assess the trends. These data are reported here.

While entrance skin exposure data are an appropriate quality control tool, the data are
erroneously used as the measure of patient dose. To address this concern, a means of
calculating the effective dose has been implemented. The average effective doses for the
standard procedures tested in the compliance program have been determined for the 1999
data.

2. Methodology

In performing the compliance tests, x-ray machines were set up in an identical manner to the
technique used by the facility's technologists. The tube was set at a height of 100 cm (focal
spot to film), the appropriate phantom was positioned as if it was the patient and imaging
parameters (tube voltage, current and time) were obtained from the technologist. Phantom
thickness was constant for a specific procedure but varied according to the procedure (see
Table I). Entrance skin exposure data were consistently measured with a 6 cc ion chamber
(Radcal Corporation) and an MDH meter (1015 and 1515). The ion chamber was inserted in a
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machined receptacle at the top of the phantom block. Phantoms of various thickness were
constructed from pressed wood having a specific gravity of 1.00.

Entrance skin exposure data were collected with the instrumentation in milliroentgen (mR)
and were subsequently converted to air kerma in milligray (mGy): 1.00 mR = 0.00873 mGy.

3. Results

The average annual air kerma data for three x-ray imaging views are shown in Figures 1 and
2. These data are the average of each annual set of compliance measurements for these
procedures measured on medical x-ray machines in the province of Manitoba during the
period 1981 - 1999. Data concerning the phantom thickness used to obtain the respective
views are provided in Table I. Figures 1 and 2 demonstrate the gradual decrease in average air
kerma for certain views as a result of the compliance review program, while maintaining film
density and image quality.

Entrance skin exposure data obtained in the 1999 survey year are reported as air kerma in
Table I. The standard procedures measured in our program are listed. Air kerma data include
backscatter from the phantom. The tube voltage and phantom thickness and average film
density are shown according to the procedure. Film speed is "400" throughout the provincial
system.

Table I. Average air kerma data for standard procedures in Manitoba, 1999. Data shown are
from x-ray machines with manual timing, anti-scatter grids and were obtained with phantom
thickness as shown for the procedures. Tube voltages are nominal averages

Imaging
Procedure

PA Chest
AP Abdomen
AP Cervical Spine
AP Thoracic Spine
AP Lumbar Spine
Lateral Skull

4. Discussion

X-Ray Tube
Voltage
(kVp)

110
85
70
75
85
80

Phantom
Thickness

(cm)
10
18
13
18
23
15

Average Air
Kerma
(mGy)

0.091 +/-.03
1.36 +I-A1
0.41 +/-.17
1.15+/-.42
2.47 +/-.95
0.52+/-. 14

Average Film
Optical
Density

1.6
1.6
1.4
1.3
1.2
1.2

The regular program of compliance inspection and the interactions with x-ray technologists to
assess the techniques and the doses resulted in the gradual decline in average air kerma and
hence in patient doses. The introduction of 400-speed film has assisted in this reduction
process. Nevertheless, confounding factors may be a potential source of further dose reduction
on the one hand and may threaten the trend on the other. These confounding factors include:

(a) Reduced attention to quality control by the technologists may fail to observe changes in
x-ray unit calibration or phototimer tracking.

26



IAEA-CN-85-29

KermamGy
6

Trends in air kerma for
procedures

Thoracic Spine AP (mGy)
Abdomen AP (niGy)

Year

1981 1983 1985 1987 1989 1991 1993 1995 1997 1999

Figure 1. Air Kerma trends in the period 1981 - 1999, inclusive, for selected procedures.
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Figure 2. Annual average air kerma, 1981-1999, imaged on medical x-ray equipment in in Manitoba for PA
Chest procedures with 10-cm phantom. Data include backscatter from the phantom.
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(b) Cost-driven film changes and/or chemistry changes without testing.
(c) Radiologists reading different film densities from different facilities without feedback;

different radiologists preferring films of different densities from the same facility.
(d) Failure to track repeat and reject analyses and evaluate factors contributing to spoiled

films.

The confounding factors will be addressed through communication among radiologists and
technologists and through adherence to the facility's quality control program.
Data include backscatter from the phantom.

5. Effective dose determination

We used a compartment model derived from a Health Physics Society standard (1) to
calculate effective dose from the standard procedures in our compliance program. Tissue
weighting factors in Reference 1 were converted to those of ICRP 60 (2) and the "remainder"
organs were adjusted. Body compartments were defined for the major procedures: head and
neck, thorax, abdomen and extremities. The models for the first three compartments were
applied to convert entrance skin exposure (air kerma) data to effective doses (see Table II).
The application of this method was as follows:

• account for backscatter (taken to be 30% for this application);
• convert exposure data to air kerma "free in air" in SI units;
• determine the absorbed dose at depth for each critical organ in the respective

compartment using the orientation-specific information in Reference 3 (assuming
average photon energy equals 50% of kVp);

• apportion the organ masses to the imaging field of view as necessary and calculate the
resultant tissue weighting factor for the organ in the compartment;

• the radiation weighting factor was unity; multiply the resultant tissue weighting factor
by the absorbed dose to the organ (tissue) to obtain the organ effective dose;

• sum the effective organ doses for the diagnostic image to determine effective dose.

Table II. Effective doses for standard procedures using the compartment model

Imaging Procedure

PA Chest
AP Abdomen

AP Cervical Spine
AP Thoracic Spine
AP Lumbar Spine

LAT Skull

Imaging
Compartment

Thorax
Abdomen

Head and Neck
Thorax

Abdomen
Head and Neck

Ave. Photon
Energy (keV)

55
42.5
35

37.5
42.5
40

Air Kerma
1999 (mGy)
0.091 +/-.03
1.36 +/-.47
0.41 +/-.17
1.15+/-.42
2.47 +/-.95
0.52+/-. 14

Effective
Dose (mSv)

0.027
0.525
0.023
0.217
0.953
0.018

6. Conclusion

Compliance surveys of diagnostic x-ray equipment in Manitoba indicate a downward trend in
entrance skin exposures for standard imaging procedures. The trend requires vigilance and
maintenance of quality control activities to avoid negating the gains. The data were converted
to effective doses using a compartment model. While approximations exist in the effective
dose calculations, the results are useful indicators of the potential risks from imaging.
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