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INTRODUCTION

In developed western countries (e.g. U.K.) doses received by patients from medical

(mainly diagnostic X-rays account for the large majority (87%) of the total collective dose of

the population from all artificial sources of radiation, the remaining 13% coming from nuclear

medicine, fallout from weapons tests and nuclear disasters, air travel, occupational doses and

nuclear power discharges [1],

X-rays are considered to be a carcinogenic agent. The carcinogenic effects of ionizing

radiation in general and of diagnostic X-rays in particular are well established [2-6], The

quantitative carcinogenic risk of exposure to ionizing radiation was re-estimated in 1991 and

found to have risen fourfold from 1.25% Sv"1 [4] to 5% Sv"1 [2].

Since diagnostic X-rays undoubtedly contribute to improving medical diagnosis and

treatment, hence, health care, any efforts to reduce patient doses should in no way jeopardize

the potential clinical benefits of X-rays [1]. Therefore, measures to reduce patient doses should

involve reduction of unnecessary medical exposures as well as the use of more sophisticated

equipment and more sensitive X-ray detection devices.

Unnecessary exposures can be eliminated partially by reducing the use of X-rays in cases

where the probability of obtaining useful clinical information is extremely low [7-9]. Another

source of unnecessary exposure arises from the unavailability of previously taken films [1,10-

11]. Unsatisfactory image quality due to lack of suitable quality control procedures also results

in unnecessary exposure from repeat X-rays, which are required in as many as 15% of all

patients [10-12].

Reductions in patient dose resulting from changes in referral practices, or the

establishment of quality control procedures require not only great initial effort, to overcome

the inertia of established practices, but also continuous and constant effort in order to maintain

the benefits. Despite these obstacles, attempts should be made to institute such changes as a

means of reducing radiation exposure from diagnostic radiology.
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In contrasts, reducing the patient dose by using improved radiology equipment will often

result in a constant reduction without further managerial effort for the lifetime of the

equipment. Changing equipment is administratively far easier than altering long-established

work practices.

There are several methods available to achieve dose reduction in diagnostic radiology via

this second category. For example, dose reductions of between 10% and 20% can be achieved

independently by reducing attenuation between patient and image receptor to a minimum by

means of carbon fibre components in couch tops, cassette fronts and anti-scatter grids [13-15].

Radiation dosage in film radiography can be reduced by approximately 50% by the use of rare-

earth screens, which enable a faster film speed to be utilized (thus reducing exposure time)

without significant loss in the diagnostic quality of the image [15-16], Rare-earth screens have

been found in England to be the most cost-effective method of reducing dosage in film

radiography, providing large dose reductions at considerably lower costs than carbon fiber

components [17].

The use of rare-earth screens, which have been available since the early 1970s, is now

widespread throughout the world, being common even in Russia and India. In Germany it is

illegal to take X-rays in film radiography other than rare-earth screens. In the USA, fear of

malpractice suits has catalyzed the diffusion of rare-earth screen technology throughout the

health system. Diffusion of rare-earth screen technology was slower [18] in England, where by

1986 fewer than 50% of hospital examinations used rare-earth screens [19]. In 1990, the

National Radiological Protection Board in England recommended that prime consideration be

given to using rare-earth screens [1].

Only in 1995 did the first of Israel's 34 general hospitals start to use rare-earth screens

extensively. However, rare-earth screens have been used for the past decade in military out-

patient clinics. The second largest sick-fund, insuring approximately 18.8% of the population,

has plans to increase greatly the small number of rare-earth screens currently in use in their

ambulatory clinics.

The aim of this paper is to undertake a cost-benefit and cost-effectiveness analysis of the

use of rare-earth screens in Israel in order to catalyze the establishment of guidelines,

recommendations and even possible legislation regarding the use of rare-earth screens in Israel.

We estimated the total effective radiation dose from diagnostic film radiography amenable

to reduction by use of rare-earth screens, based on the number of hospital and ambulatory

diagnostic X-ray procedures amenable to use of rare-earth screens. This number was multiplied

by the computed radiation dose per body site for a series of diagnostic procedures. The annual

dose avertable by the introduction of rare-earth screen technology was estimated to be,

approximately, 0.53 mSv per capita in Israel.
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Based on a fatality risk of 3%/Sv (appropriate for a population with the age distribution

characteristic to adult patients) it is estimated that the adoption of rare earth film technology

might reduce the annual incidence of cancer in Israel by some 88 cases, half of which would be

fatal (after an average latent period of 18.4 years).

The cost of purchasing rare earth screens on a nationwide basis is estimated to reach

$2.8 million. Assuming a 5% rise in film prices (in comparison to the cost of the existing film-

screen combination), the additional costs for the period 1995- 2004 are expected to reach

$7.0 million. This additional costs are outweighed by saving $12.2 million on X-ray tube

replacement costs in the same period.

METHODS

Data on the number of regular diagnostic procedures using X-rays in 1994 by body site

(excluding dental, fluoroscopy and CT scans), were collected from 12 general hospitals

(including out-patient clinics) which accounted for 43.1% of the 4.3 million general

hospitalization days in Israel in 1993 [20], Data were also collected from the largest

rehabilitation hospital, which accounted for 72.0% of the 124,000 hospitalization days in

Israel's three specialist rehabilitation hospitals in 1993 [20]. In addition, data on X-ray

utilization were obtained from all the relevant geriatric institutions. National estimates of the

use of hospital-based X-rays were made by multiplying our sample data by hospital type, by the

reciprocal of our sample population's total utilization figure (e.g. general hospital data from

our sample were multiplied by 100%/43.1%=2.32). Data from the military were excluded,

since military facilities already use rare-earth screens.

Data were also collected on the number of X-ray procedures by body site in 1994 in the

community-based ambulatory clinics operated by the General Sick Fund (Kupat Cholim

Haklalit) which covers 63.5% of Israel's population (Research Department, National Insurance

Institute, personal communication, 1995). Using age and sex-specific ambulatory care

utilization rates [21], we estimated that because of their older age profile, general sick fund

members account for approximately 66.2% of all non-hospital-based ambulatory visits. Thus, a

multiplier of [100%/66.2%=1.51] was used to estimate national ambulatory X-ray usage.

Finally, all the 1994 utilization data were adjusted upwards by 2.1% to reflect the population

growth between 1994 and 1995.

A current study calculating the average effective dose per examination in Israel in only in

its preliminary stages; hence, national estimates of the annual number of examination by body

site were multiplied by the average effective dose (i.e., the weighted radiation dose to the

different body organs) per examination by body site, based on data from the UK [18] and the

USA [22]. For procedures which utilized both fluoroscopy and film radiography, we estimated

the contribution to the effective dose of the film radiography alone. Utilization data (excluding

those which included fluoroscopy) were adjusted upwards by a conservative figure of 10%
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[10,12] to take into account retakes, which are currently not recorded in the X-ray utilization

data systems. This enabled us to quantify the total national effective dose in Israel received in

1995 from diagnostic X-rays potentially amenable to reduction by the use of rare-earth screens.

Estimates of the number of cancers that may be attributed to exposure to radiation from

diagnostic X-rays in Israel were made, using the figure estimated by the International

commission on Radiological protection (ICRP) of 500 fatal cancers [2] per 10,000 man-

Sieverts (5% Sv"1) given to a standard population. The ICRP figure already takes into account

the fact that, due to the latency period between exposure and cancer diagnosis, a part

proportion of the affected population will die from other causes before the radiogenic cancer

appears. With regard to diagnostic X-rays, we have to take into account that the exposure is

not given to a standard population because a large proportion of a lifetime's exposure to

diagnostic X-rays occurs during the patient's last illness, when radiogenic cancer is irrelevant

[23].

In Israel, elderly persons (over 65 years old) use diagnostic tests (X-rays, mammography,

CT and ultrasound) at a rate 4.5 times higher than 15-24 year olds [21]. Therefore, we reduced

our fatal cancer risk rates, attributable to diagnostic X-rays, by the fraction suggested by

Russell [23] and Wall [24] of the order of 40% to 300 fatal cancers per 10,000 man-Sieverts

(3% Sv"1).

We estimated the total attributable number of fatal cancers by multiplying the total

national annual collective dose (man-Sv) from diagnostic X-rays by 3% Sv"1. Based on the

relative expected distribution of leukemia and all solid cancers, an average latency period of

18.4 years was assumed for mortality from X-ray induced cancers[2], A further detriment of

diagnostic X-rays, various curable non-fatal cancers (mainly of the skin and thyroid),

approximately equal to the number of fatal cancers [21,23].

Costs ofrare aerth screens, films and X-ray tubes were obtained from the distributors of

the equipment as well as from hospitals. Extra costs of the films adapted to the new screens

were estimated to reach 5% of the conventional film prices. All costs and benefits occurring in

the future were discounted back to mid 1995 price levels using a 5% annual discount rate.

Israeli population growth was assumed to be at a rate of 2% per annum over the period 1995-

2004.

RESULTS

Table 1 presents estimates of the number of persons examined and radiation doses

received for film diagnostic X-rays, by body site for 1995. In 1995, Israel's population of 5.5

million underwent, approximately, 7.1 million film radiography examinations (including

retakes), the dosage of which could potentially be reduced by the introduction of rare-earth

screens. These figures are based on extrapolation from data collected from 12 general
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hospitals. While X-rays of the limbs and chest accounted for 32.6% and 26.6%, respectively,

of all such examinations, they accounted for only 0.8% and 2.2%, respectively of the total

annual effective dose received (due to their low effective dose per examination). In contrast

examinations of the bowel (barium tests) accounted for only 1.9% of all examinations but they

accounted for 19.6% of the total effective dose.

Table 1. Film Diagnostic X-ray Examinations by Body Site (Israel 1995)

(excluding dental and CT)

BODY SITE

LIMBS

CHEST

DORSAL SPINE

SKULL

CERVICAL SPINE

ABDOMEN

SHOULDER

LUMBAR SPINE

UPPER GI TRACT

BOWEL-
INTESTINE

IV UROGRAPH

ESOPHAGUS

OTHER SITES

GRAND TOTAL

EFFECTIVE

DOSE3 (mSv)

per exam

0.01

0.034

1.00

0.10

0.10

1.30

0.10

2.40

2.16

4.33

2.30

1.00

0.89

NUMBER OF
EXAMINATIONS

2,319,000

1,892,000

606,000

550,000

414,000

245,000

409,000

222,000

218,000

133,000

67,000

18,000

19,000

7,112,000

(%)

32.6

26.6

8.5

7.7

5.8

3.4

5.8

3.1

3.1

1.9

0.9

0.3

0.3

100

TOTAL
COLLECTIVE
EFFECTIVE

DOSE
Man-(mSv)

23,000

64,000

606,000

55,000

41,000

318,000

41,000

534,000

470,000

575,000

166,000

17,000

17,000

2,931,000

(%)

0.8

2.2

20.7

1.9

1.4

10.7

1.4

18.2

16.3

19.6

5.8

0.6

0.5

100

a According to UK (6, 7) and USA (22) calculations. For procedures which utilized both fluoroscopy

and film radiography, we estimated the contribution to the effective dose of the film radiography

according to the above list.

4.2
- 5 -



The annual total collective radiation dose received by the Israeli population from film

radiography (including that in fluoroscopy procedures) amenable to reduction by the use of

rare-earth screens in 1995 was approximately 2931 man-Sv (0.53 mSv per person).

Considering a fatality risk of 3% Sv"1 we estimate that approximately 176 cases of cancer per

year (half of which may be fatal) may in the future be attributable to diagnostic X-ray

examinations performed in 1995, and whose radiation dose was amenable to reduction by the

use of rare-earth screens.

The adoption of rare-earth screen technology in 1995 would have resulted in

approximately 50% reduction [14-16] in radiation dosage from diagnostic X-rays in film

radiography, reducing cancer fatalities by 44 lives per year compared with use of the present

X-ray radiographic units, after the 18.4 year average latency period [2], Similar mortality

reductions (adjusted for population growth) would also be achieved in subsequent years,

resulting in a total of 482 averted fatal cancers as a result of using rare-earth screens during the

period 1995-2004.

There are currently approximately 1250 conventional X-ray machines employed in Israel,

using an average of some ten cassettes per machine. The cost of immediately replacing these

12,500 cassettes with cassettes containing rare-earth-type screens is estimated at $225 per

cassette, or $2.8 million.

The average number of films used per examination was found to be 1.8, of approximately

12.8 million films in 1995. Assuming an average cost per conventional film of $1.25 and a 5%

average rise in film costs when using the new rare earth films this would lead to an additional

cost of $800,000 in 1995, or $7.0 million over the period 1995-2004 (taking into account a

population grouth of 2% per year and a discount rate of 5% per year).

On the other hand as a consequence of the use of faster films and hence the shorter

exposure times, the utilization of rare-earth screens will result in an extension of the life of the

X-ray tubes. Assuming that the 1250 tubes, which cost on the average approximately $15,000

each, will at a conservative estimate, need to be replaced every 12.5 years instead of every 6.25

years (personal communication. Yacov Hai, Ministry of Health, Unit for Licensing and

Inspection of Medical Radiation Machines). There will be an annual reduction in tube

replacement costs of $1.5 million, or a total of $12.2 million over the time period 1995-2004.

The above calculation does not include cancer treatment costs and lost life year costs

saved due to the averted cancer cases .
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SUMMERY

Adoption of rare-earth screen technology will have a net cost of $2.1 million in 1995, but will

save $2.3 million overall during the period 1995-2004, since the reduction in tube costs ($12.2

million) will more than offset the extra costs of the screens ($2.8 millon) and films

($7 million). In addition such a move may also prevent during this period , approximately 960

cancers, half of which couldl be fatal.
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