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Evaluation of the Need for Radiotherapy

Calibrations in the United States

Abstract

The custody, maintenance, and development of the United
States national standards of measurement, together with the
provision of calibration services related to these standards,
has been assigned to the National Bureau of Standards (NBS)
of the U.S. Department of Commerce.

As with all of the national standards, including those
for radiation, the Bureau's principal emphasis is on calibra-
tions and other tests requiring an accuracy that can be ob-
tained only by direct comparison with the standards of NBS.
For many years, NBS had been the only organization which was
generally available for the calibration of instruments
needed for radiation therapy in U.S. hospitals and clinics.
In recent years, three regional calibration laboratories,
located in New York, New York, Houston, Texas, and Cleveland,
Ohio, have been accredited by the American Association of
Physicists in Medicine (AftPM). The calibration chain between
the primary standards of NBS and the field instruments used
in the hospitals and cliMcs of the entire country may be
direct, or indirect through the regional calibration labo-
ratories by use of secondary standard or transfer instruments.

It may be that this system of promulgation of radiation
standards is no longer adequate for the United States. Ion-
izing radiation is being used increasingly for the treatment
of cancer patients. At present, approximately 325,000 new
cancer patients per year are given radiation treatment at
over 1500 centers. With this growing use of ionizing radia-
tions, an increased awareness of the importance of accurate
and precise dosimetry has developed.

To determine the adequacy of these dosimetric needs, the
AAPM has initiated a national study which is being conducted
by means of a mailed questionnaire, and by a limited number
of site visits to individuals who are in charge of radiation
therapy centers as well as to those who do the actual cali-
brations.

To date, the questionnaire has been developed, and a
mechanism for reaching virtually all therapy centers in the
United States has been devised.

*This evaluation is being undertaken by the American Association of Physi-
cists in Medicine under the direction of a Steering Committee consisting of
three medical physicists, Peter Woottcn, Chairman, Vaughn C. Moore, and
Robert J. Schulz; two radiotherapists, Max M. L. Boons and Lawrence W.
Davis; and a Principal Investigator, Lawrence H. Lanzl. E. Eisenhower and
R. Loc/inger (NBS) are assisting in the work for the committee as well.



The ultimate responsibility for the standardization of radiation in

the United States lies with the National Bureau of Standards (NBS) of

the Department of Ccmterce of the U.S. government. The statutory functions

which have been assigned to the Bureau include:

(1) The custody, maintenance, and development of the national stand-

ards of measurement together with the provision of calibration services

related to these standards.

(2) Cooperation in the establishment of standard practices, incorpo-

rated in codes and specifications.

In the stated NBS policy, the Bureau's principal emphasis is on calibra-

tions and other tests which require an accuracy that can be obtained only

by direct comparison with NBS standards. For standardization services of

lesser accuracy, it is suggested that competent sources other than the

Bureau be sought.

Up to 1970, the Bureau was the only organization which was generally

available for the calibration of instruments needed for X-ray or gamna-ray

therapy in U.S. hospitals and clinics. Typically, the procedure for the

calibration of an instrument is for that instrument to be shipped or hand-

carried to the Bureau in Washington, D.C. (now Gaithersburg, Maryland).

The instrument undergoes calibration by being placed in a radiation field

which has been measured previously by a primary standard. The primary

standards of the Bureau consist of four chambers:

Designation of Standard Radiation Energy Range Type of Standard
(kV)

a 10-15 Free air, parallel plate

b 20 - 100 Free air, parallel plate

c 60 - 250 Free air, parallel plate

d ^500 - 2000 Cavity chamber, graphite
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Calibrations are performed for X-rays with energies corresponding to

half-value layers ranging from 0.024 ntn Al to 5.4 nm Cu, as well as for

the gamma-rays of 137Cs and 60Co. Calibrations are not performed for

higher photon energies, although very many accelerators are in therapeutic

use for which photon energies are designated as including 4, 6, 8, 10, 24,

and 35 MeV. Calibrations are not yet being performed for electron beams

used for radiotherapy, but a chemical dosimeter (Pricke) intercomparison

service is available from the Bureau.

After an instrument has been calibrated, it is returned to the hos-

pital or medical physicist for field use. (ihe field instruments are

generally, privately owned either by a given hospital or by medical physi-

cists who service hospitals.) Hie Bureau issues a report on the calibra-

tion and charges a fee for the calibration service. This fee does not

cover the entire cost of the service. The calibration report has both

medical and legal implications.

If all existing field instruments for the measurement of radiation

from therapy machines were calibrated at 2-year intervals, the number of

such calibrations from the United States would far exceed the calibration

capacity at NBS. It is partly for this reason, and partly because local

laboratories can maintain closer communication with users in the field,

that a system of secondary facilities, called Regional Calibration

Laboratories (RCL), has been established for the calibration of field

radiation instruments. The American Association of Physicists in Medicine

(AftPM) has developed standards for such Regional Calibration Laboratories

and has established procedures for their certification. These labora-

tories are required to maintain their secondary standards in agreement

with NBS to within 0.5 percent. Annual calibration of instruments used



for transferring of standards is made by direct comparison with the national

standards.

Thus far, three regional calibration laboratories, located in New York,

New York, Houston, Texas, and Cleveland, Ohio, have been established (the

first was established about six years ago). Papers are included in this

Symposium by representatives from each of these laboratories. The calibra-

tion chain between the primary standards of NBS and the field instruments

used in the hospitals and clinics of the entire country may be direct, or

indirect through the regional calibration laboratories by use of secondary

standard or transfer instruments. At present, cavity ionization chambers

are the most suitable secondary standard or transfer instruments used by the

regional laboratories. An instrument may consist of the chamber alone, or

of the chamber together with the charge-measuring system. Since secondary

standard instruments may be used with radiation fields that differ from the

field in which they are compared to the primary standard, they should be

insensitive to changes in the energy spectrum and in the direction of the

radiation.

Field instruments, that is, the instruments with which the radiation

therapy beam from a machine in a hospital or clinic is measured, are cali-

brated by substitution in a radiation beam measured by either a primary or a

secondary standard.

Our Radiation Calibration Laboratories differ from the International

Atomic Energy Agency/World Health Organization network of Secondary Standard

Dosimetry Laboratories (SSDL) in that our RCL's perform calibrations only

for therapy purposes, whereas the SSLD's may also calibrate instruments for

radiation protection purposes, as well as calibrating sources of radioactivity.

There is sketchy, but growiny evidence that this system of promulga-

tion of radiation standards is no longer adequate for the United States.



Ionizing radiation is being used increasingly for radiation therapy. At

present, approximately 325,000 new cancer patients a year are given radiation

treatment. With the increasing use of ionizing radiations, an increased

awareness of the iuiportance of accurate and precise doslmetry has devel-

oped. For exanple, evidence now exists that differences as small as

5 percent in the dose delivered in seme types of radiation therapy may result

in appreciable differences in the local control of malignant tumors.

To determine the adequacy of these dosimetric needs, the AflPM has

initiated a national study in which inform? J.on will be gathered on;

a) The number of institutions where radiation therapy is performed
in the United States;

b) The number and frequency of calibrations of therapy units;

c) The number of calibrations performed by physicists and by
physicians and others;

d) The number of instruments in use and their geographical
distribution;

e) The differences in the patterns of calibration between the
heavily and sparsely settled parts of the United States;

f) The prospects for existing and additional regional calibra-
tion facilities.

The study is being conducted by means of a mailed questionnaire, and a

limited number of site visits to individuals who are in charge of radiation

therapy centers as well as to those who do the actual calibrations.

To date, the questionnaire has been developed, and a roster of virtu-

ally all therapy centers in the United States has been devised. It is ex-

pected that a report of the study will be available by the middle of 1978.

Our federal government does not maintain a listing of centers which

carry out radiation therapy. However, our Nuclear Regulatory Commission

maintains records and issues licenses for certain users of radioactive

sources. Thus, there are files on cobalt-60 and cesium-137 teletherapy



sources that are or have been in vise. Some, but not all, of our state gov-

ernments maintain records of X-ray machines, including therapy accelerators,

in use. Since these files are not complete, additional sources of informa-

tion have been used in an attempt to obtain a complete list of all hospitals

and clinics which offer radiotherapy services. We have used the following

sources:

1) Directory of High-Erergy Radiotherapy Centres published by the
International Atomic Energy Agency, Vienna, 1976 Edition;

2) Membership list of the American Association of Physicists in
Medicine, April 13, 1977;

3) Membership list of the American Society of Therapeutic Radiol-
ogists, 1976;

4) Facility list of the Patterns of Care Study, Dr. Simon Kramer-,
Chairman, Nov. 21, 1977.

Thus far, we have been able to identify about 1430 centers in the U.S.

which perform radiotherapy. Of these, about 1015 have msgavoltage equipment,

i.e., accelerators and/or cobalt-60 or cesium-137 units. The largest chain

of hospitals is that operated by the veterans Administration of the Federal

government. Twenty-seven of these hospitals have a radiation therapy serv-

ice. Most of the rest of the hospitals are not federal, but are privately

owned or owned by a county or city. Although we have not completed our

mailings, about 400 questionnaires have now been returned. The responses

show that virtually 1QO% of the calibrations of therapy equipment are being

performed by medical physicists.

One of the questions reads, "Would the provision of a local calibration

facility encourage more frequent calibration of field instruments?" This

question is very often answered in the affirmative. Another frequent com-

ment asserts that we should have additional calibration facilities located

within a region of the country not now serviced by a RCL. Another ccmnent

concerns the long tmn-around tims of instrument calibration.
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On the otfier hand, we find that some of our regie al calibration facili-

ties are underutilized. This situation poses a dilemma, the solution of

which may very well lie in the education of physicists and physicians con-

cerning the importance of proper dosimetry for the radiation treatment of

cancer patients.



sources that are or have been in use. Sate, but not all, of our state gov-

ernments maintain records of X-ray machines, including therapy accelerators,
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which perform radiotherapy. Of these, about 1015 have megavoltage equipment,
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of hospitals is that operated by the Veterans Administration of the Federal

government. Twenty-oeven of these hospitals have a radiation therapy serv-

ice. Most of the rest of the hospitals are not federal, but are privately

owned or owned by a county or city. Although we have not completed our

mailings, about 400 questionnaires have new bean returned. The responses

show that virtually 100% of the calibrations of therapy equipment are being

performed by medical physicists.

One of the questions reads, "Would the provision of a local calibration

facility encourage more frequent calibration of field instruments?" This

question is very often answered in the affirmative. Another frequent com-

ment asserts that we should have additional calibration facilities located

within a region of the country not now serviced by a HCL. Another commsnt

concerns the long turn-around time of inscrument calibration.
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On the other hand, we find that some of our regional calibration facili-

ties are underutilized. This situation poses a dilemma, the solution of

which may very well lie in the education of physicists and physicians con-

cerning the importance of proper dosiiretry for the radiation treatment of

cancer patients.


