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REPORT SUMVARY

This report reviews the need for diagnostic

radi ol ogi cal physics services in any facility that provides
di agnostic imagl n% or related diagnostic techniques. Based
on these needs, the American Association of Physicists in
Medi ci ne (AAPM has devel oFed gui del ines for the physics
staff and support personnel required to manage the
di agnostic inage quali tP/' radi ation safety, and associ ated
Fati ent care responsibilities of a facility. Such staffing

evel s can assure the regulatory and accreditation
requirenents are satisfactorily nmet.

The AAPM recommendations for physics staffing are based
upon the type and anount of equipment in the radiol ogy
facility. However, the physics services extend far beyond
the support of the listed equipnent. The equi pnent merely
serves as an index value for assessment of the needed
physics staff. The AAPM recomendations are given in Table
#1.



Table 1
AAPM Physics Staffing Reconmendations

Anount of Equi pnent Staff Recommendati ons*
For Physicists

. Di agnostic X-ray

For each nobile radiography unit 0.015 FTE
For each general x-ray room 0.015 FTE
For each nobile fluoroscope 0.03 FTE
For each R/F room 0.05 FTE
For each Special Procedures Room 0.08 FTE
For each digital systent* 0.04 FTE
For each CT scanner 0.08 FTE
Il. 1n Nucl ear Medicine

For each scintillation camera 0.10 FTE
For each image processing conputer 0.25 FTE
For each SPECT 0.25 FTE
For each PET TBD***
I11. Utrasound

For each ultrasound scanner 0.015 FTE
IV. MR

For each MR 0.1 - 0.25 FTE

* These FTE nunbers given above pertain only to the

physics staff. Additional staff nust be provided to support
the physics operations. The ratio of support staff to
physi ci sts shoul d be about 1.5:1. The support staff should
consi st of QC technol ogists, and radiation safety personnel.
See text for specific reconmendations on support staff.
These recomrendations do not include needs generated for
engi neering services, research projects, special teaching
needs for residents and medical students, or needs

associ ated with PET scanners.

* This refers to digital radiography or to the digital
conponent of a fluoroscopy system

*** To be determined in accordance with need.



I | NTRODUCTI ON

Di agnostic radiol ogy includes x-ray inaging
(roentgenography, conput ed tonography and fluoroscopy),
nucl ear icine imaging, sonme non-imaging studies wit h
radi onuclides, and diagnosis by ultrasound and magnetic
resonance (MR). Traditionally, radiology departnents
provide both the technol ogi cal services and equi pment for
various forms of nedical Imaging and some non-imaging
diagnostic evaluations. These departnents typically
represent the |argest financial investment in high
technol ogy equi pment in the nedical facility and require
hi ghl'y educated professionals to provide satisfactory
patient care. The significant investrment in and the
conpl exity of medical inmaging equipnent has increased the
demand for skilled diagnostic nedical physics support.

I ndi vidual s who provide such support are referred to as
di agnostic radi ol ogi cal physi ci sts.

Di agnostic radiol ogical physicists provide professional
services for selecting, evaluating, monitoring and

optimzing imging devices. They are also directly involved
in patient care, radiation safety, teaching, and

adm nistrative functions. They play an essential role in
devel oping policies and procedures for diagnostic

radi ol ogi cal departments.

The Anerican Association of Physicists in Medicine (AAPM
reconmends that physicists qualified to practice diagnostic
radi ol ogi cal physics be certified in diagnostic radiol ogical
physics by an appropriate certifying board. At the tinme of
this publication the appropriate boards are the American
Board of Radiol ogy and the American Board of Medical

Physics, and that of the Canadian Col | ege of Physicists.
Throughout the rest of this document, qualified radiol ogical
physicists may be referred to as di agnosti c_physicists or
sinply as physicists.

In this docunent, the AAPM Task Group on "Physics Manpower
Needs in Diagnostic Radiology" summarizes the requisite
physics support for diagnostic imaging departnents.  Staff
si ze recommendations are based on the equipment inventory of
the diagnostic imaging department with enphasis placed on
the primary physics needs generated by each piece of

equi pnment.  Anong these needs are radiation safety, quality
control, and acceptance testing Time devoted to these
concerns can vary consi derably dePendl ng on the specific
needs and priorities of individual institutions as well as
on the regulatory conpliance requirements of different
states in which the institutions reside. The variations in
needs between types of institutions have not been addressed
in the staffing reconmendations of this report. It is
important to note that physics staffing nust also address




the educational services physicists provide to individuals
who work with or around the equipnent, as well as
responsibilities for admnistrative and accreditation
requirenents associated with the equipment.

These needs ultimately depend on the equi pment
inventory of the departnent. Basing reconmendations on
equi pnent inventory provides a firm foundation for which
there can be no confusion or msinterpretation. However, it
is inportant to note that the nunber of physicists required
for each piece of equipment nust reflect not only the needs
directly associated with that piece of equipnent but also
many other duties and responsibilities which may not be
directly related the equipnent. It also must reflect
adm ni strative, regulatory, and accreditation work
associated with the equi pnent.

The recomrendation in this document in this document
are based upon the effort required to performthe various
duties typically requested of physicists in diagnostic
radiology facilities. The information provided in this
report should be beneficial to administrators, departnental
directors, radiologists, physicists, and other health care
prof essi onal s when assessing their diagnostic physics
staffing needs.



Il. THE NEED FOR DI AGNOSTI C PHYSI Cl STS

The increasing sophistication, conplexity, high cost, and

hi gh technol ogy of medical inaging equipment has created an
increasing demand for experts who can ensure that the
financial investnent in these technologies is fully realized
in daily performance. Physicists are experts in the
scientific and mathematical principles of imaging as well as
in the technol ogy behind the performance eval uation of

medi cal imaging and non-imaging diagnostic devices. They
are trained in the safe uses of all forms of radiations

enpl oyed in a diagnostic departnent Their goal is to help
establish a cost-effective and consistent high standard of
diagnostic image quality, radiation safety, and patient

care. Their scientific expertise spans the spectrum of the
i magi ng technol ogies from conventional x-ray to ultrasound
and nucl ear medicine, from CT and digital angiography to
magnetic resonance (NR). I'n neeting the above goals a
physicist can help ensure that federal, state and | ocal
regulatory requirements for radiation safety are net.

Current JCAHO accrediation standards require, in addition to
quality image performance and radiation safety, that each
institution evaluate radiation exposures to patients (See
Appendix I, Item 1, Section DR 2.2.10.2). Several docunents
that discuss regulatory and accreditation requirenents and
ot her needs addressed by physicists are cited in Appendix I.



I'11. PROFESSI ONAL RESPONSIBI LI TIES AND SERVI CES

The professional activities and services provided by

di agnostic physicists can be divided into three categories.
These are:

A Essential functions to:

L Meet the clinical demand for excellence in imging and
patient care while providing a safe radiation
envi ronment, and

2. To ensure conpliance with various regulatory
requirenents, and

3. To help pronpte cost effective operations through
i nproved equi ﬁmant selection, utilization and to ensure
consi stency through routine quality control
eval uati ons.

B. tional research and devel opnental activities for

those facilities involved in the advancement of new
technol ogies and procedures.

These responsibilities are discussed bel ow.

A Essential Functions

1. Policies and Procedures

As defined by the Joint Commission on Accreditation of
Heal t hcare Organi zations (JCAHO, policies and procedures in
departments of diagnostic radiology and nucl ear nedicine are
designed to "assure effective management, safety, proper
performance of equipment, effective communication and
quality control..." Because these departnents are heavily
invested in a variety of radiation producing equipnment that
requires continual nonitoring for safety and quality, the
radi ol ogi cal physicists play an essential role in devel opi ng
the policies and procedures in the resgective departments.
This essential role is recognized in the JCAHO requirenent
that the policies and procedures be reviewed periodically by
a medical radiation physicist in order to nmeet this need.
(See Appendix |, Item1, Section DR 2.1.1.).

2. Quality Control Program

As defined by the Anmerican College of Radiol ogy (ACR),
Quality Assurance is the overall programrequired to assure
proper nedical care is provided to patients. The Quality
Assurance program includes the nonitoring of nedical
records, patient handling, medical procedures and safety
practices. Quality Control (QC.) is a portion of the
overall Quality Assurance program Quality Control is a



periodic monitoring of aspects of precision or accuracy as
they relate to the equipnent, techniques, or testing of
equl pment performance rather than clinical decision-nmaking
(ACR QA CGuide, 1983). JCAHO and regul atory agencies
require that QC prograns under the direction of a qualified
expert be established at all radiology facilities (See
Appendix |, Item 1, Sections DR 2.2.7, DR 2.2.10, N\M2.2.8
and NM2.2.14).

Physi ci sts should direct and be responsible for the
Quality Control progranms. The forempst goal of these
programs is to obtain and maintain optimal image quality and
reI rability while mninizing radiation exposure and ensuring

rrFI iance with radiation safety regui renments. QC prograns
include diagnostic systens that produce or utilize 1onizing
radi ation and other systens such as MR and ultrasound that
utilize non-ionizing radiations. A cost-effective practice
is to designate a QC technologist to perform sorre of the
measurenents under the supervision of a physicist. QC
technol ogists are individuals who are famliar w th both the
radi ol ogy equi pment and the test instrumentation. They are
specifically trained to nake sone of the measurenents
required to assess imaging equi pnent perfornmance.
technol ogi sts _are usually ARRT (American Registry of
Radi ol ogi cal Technol ogi sts) certified x-ray or nuclear
nedi ci ne technol ogi sts who have at |east several years
exg_eri_ence working with radiol ogy equipnent and ionizing
radi ation.

prograns include daily, weekly, nonthly and seni-

annual surveys and spot checks of all imaging equi pment and
rel evant non-imaging instrumentation. For instance, daily
checks ma?/ be performed for film processors; weekly checks
mght include certain functional and image quality
measurenents to detect nore gradual changes in inmage
perforrmnce and sem -annual eval uations may include

| ete assessnents of the image quality, generator
caI I brations and safety checks to assure long-term stability
of the entire system This testing is designed to detect
probl ens before serious malfunctions in the equi prent occur.
Thus, the tests result in inproved equi prent "up-tinme" and
performance. Mbreover, patient radiation exposures are
optinmal for properly functi oni ng equi prrent. Such QC testing
requires about 2-4 person-days per year for each
radi ographic tube (x-ray tube or image intensifier).

The tests will also result in cost savings. Repeat
rates of films are reduced. Studies have shown that QC
progranms typically reduce rates from 10-14% to 5-7% which
represents a significant saving in film cost, personnel tine
and increased patient throughput (see for i nst ance: Quality
Assurance Programs for Diagnostic Facilities, HEW
Publ i cation (FDA) 80-8110, 1980; and Barnes et al, SPIE Vol.
96, 1976, p. 19).



A nunber of different publications have listed QC
procedures that should be performed on diagnostic radiol ogy
equi prent. A brief section with references discussing QC

test procedures is included in the Appendix Il of this
report.
3. New Equi prent Specification and Eval uation

Physi ci sts provide recomendations and techni cal
informati on regardi ng new equi prent sel ection, |ayout and
installation. The physics services for new equi pnent
installations include: gatheri ng information on clinical
requirenents and the products to neet such requirements,
information analysis, equipnent conparison surveys, site
visits to inspect installations at other hospitals,
preparation of technical bid specifications for the )
equi ﬂmant performance and optional accessories, evaluation
of the manufacturer's bids, roomdesign in conjunction with
the physicians, adnministrators, architects, and others; and
radi at1 on shiel ding specifications.

For installations of conplex and expensive radiol ogy
equi pnent, these services can result in a considerable cost
savings. The amount of time spent performng such services
depends on the sophistication of the equi pment and the
status of the roomin which it will reside. For exanple,
the effort for a sinple conventional x-ray room may require
one week's work but for an angiographic suite, up to six
weeks may be required to conplete all the above mentioned
services. Since the average life of x-ray equipment is
typi callg 7-10 years (AHA, Estimated Useful Lives of
Depreci abl e Hospital Assets, 1983), a replacenent schedul e
can involve 10-15% of the existing equi pment each year.

4, Accept ance Testing

After new roons are installed, physicists test the
performance of the equipnent to ensure that the quality of
performance is comensurate with the investnment, and that
performance conplies with the technical specifications
Item zed in the purchase contract. This testing should be
the nost thorough evaluation that the equi pment will
under go. I't involves mechani cal checks, electronic
eval uation of generator calibrations, radiation safety
eval uations, image quality assessments and overall system
performance neasurenents. These tests provide the baseline
data for future quality control checks. The time allotted
to conplete these tests inevitably depends on the conplexity
of the equipnent and the degree to which perfornmance
specifications are net following installation by the
manuf act urer.



The tinme necessary for acceptance testing can range from one
day uB to perhaps four to six weeks. Because of the
variability in systems, it is inpossible to give a firm cost
figure for the services discussed under sections 3 and 4. A
general figure of one percent of the capital equipnent costs
provides a guideline value. This is returned on inproved
equi pment  perfor mance.

5. Interface with Mintenance QOperations

Ef fective naintenance is a necessary part of a QC
program  Physicists cooperate with maintenance and in sone
cases direct nmintenance personnel to ensure approPri ate
repair, calibration and Frevent ative maintenance o
radi ol ogy equipment. Following major repairs, replacement
or preventative naintenance of radiology equipment, the
physici st checks the equi pment for function, ima%e quality,
and safety. The physics services also include the
eval uation of new x-ray tubes for specified focal spot
sizes, filtration, output, |eakage radiation, an
calibration. Replacenent image intensifiers are checked for
conversion efficiency, spatial resolution, contrast ratio,
uniformty, linearity, and input dose rates. Sinilar
measurenents are performed following major repairs or parts
repl acenents.

Physicists help "trouble shoot" equipnment problens and
are frequently nediators who resol ve whether malfunctions
are due to operator error, ancillary equi pnent mal function
(film or processor problens) or electronic problems. Wth
good nmi ntenance records, the physicist's input can be used
to effectively budget for equipnent replacenment needs as
wel | as reduce cost by elininating unnecessary or
i nappropriate purchases of x-ray tubes, inage intensifiers
and other equipment. In addition, safety problenms may be
uncovered and corrected under the physicist's directions
before serious hazards occur.

6. | mpl enentation of New Cinical |nstrunentation or
Pr ocedur es

Physicists often assist in the initial inplenentation
of new high technol ogy equi pnent or new clinical procedures
not previously provided at an institution. Exanples of high
technol ogy equi pment with which physicists provide
assi stance include: Picture Archiving and Conmuni cations
Systens (PACS), teleradiology, digital radiology systens,
new CT scanner procedures, MR units, conputer software,
conputer reporting systens, personal conputers and simlar
i tems.



7. Radi ation Safety (perations

A separate radiation safety office may or may not exist

in a given hospital. Even when a separate radiation safety
office does exist, many primary radiation safety duties are
still the responsibility of a diagnostic radiological

physicist. A diagnostic physicist has special training in
radi ol ogi cal safety which prepares himfor these functions.
The safe use of ionizing radiation is of concern to not only
the personnel working at the hospital but also to the
patients and general public. Personnel dosineters nust be
Issued to radiation workers. The physicists must make
certain that the dosimeters are worn and the reports are
revi ened. Safe use of equipment and sources producing
ionizing radiation nmust be established and instituted.
Records and inventories of radioactive sources nust be
neticul ously maintained. Procedures manual s nust be

devel oped. ~ Wpe tests for radioactive contanination nust be
taken at regular intervals. Leaded aprons nust be inspected
at least annually. Radiation room shielding design nust be
performed for new installations to determ ne adequate
shielding thickness. Radiation surveys of the shielded
roons such as fluoroscopic areas and Isotope areas must be
performed regularly. Training sessions are used to instruct
radi ol ogy personnel about the proper use of radiation
produci ng equi pment and shielding devices. Al of the above
should be witten in as part of -the departnental policy and
procedur es.

As the size of a facility increases, radiation safety
needs inevitably becone nore conpl ex because of increased
traffic in and out of radiation producing areas and because
of increased nobility of radiation sources used throughout
the facility for patient care. In order to assure adequate
protection to the public and personnel, the nunber of
radi ation safety personnel required to support |arger
facilities nmay be greater in proportion to their size than
the nunber required to squort snmal | facilities. Larger
facilities should carefully assess any extra radiation
saf ety personnel, beyond those recommended in this report,
who nay be required to provide adequate control of
radiation. At a mininum a 400 bed hospital requires 0.4
FTE physicist to handle radiation safety.

8. Radi ati on Dosinetry

Physicists are frequently requested to provide
information on radiation dose or exposure to patients or
staff. Measurenent of radiation dose is referred to as
dosi netry. Patient dosinetry is also perforned to ensure
the safety of patients, to conply with JCAHO requirenents,
and to conpare doses and exposures wWith regulatory
gui delines or national averages. Dosinetry may be perforned
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to determne why a high radiation badge reading occurred, to
estimate fetal dose for patients or staff, or to evaluate
existing shielding devices. The estimtes may involve
measurenent with phantons or direct measurenents.

Physi cists also handle inquires from patients and the
general public about radiation levels and effects.

9. Preparation for JCAHO and Regulatory |nspections

JCAHO inspections are frequently linmted to audits of
the records to ensure appropriate physics services are
provided.  Nevertheless, JCAHO requires that an ongoi ng
Quality Control (QC) programto "maximize the quality of
di agnostic information for diagnostic radiol og%. A
radiation producing equi pment must be checked by the
physicist at |east once per year. Mreover, patient
radi ation exposure calculations for typical procedures
performed in each room nust be determ ned from neasurenents
made on each x-ray tube. The physicist should audit the
exposures to ensure the requirenents for JCAHO have been
adequat el y addressed.

State or local regulatory agencies usually conduct
i nspections that involve testing of the equi pment and
radiation surveys of the facilities. Deficiencies uncovered
during inspections by State or |ocal regulatory agencies can
result in significant fines or restrictions placed upon the
radiol ogical facility. Regulat or?/ requirenents of various
radi ation control agencies typically include annual
calibration reports on each piece of x-ray and nucl ear
medi ci ne equi pment that produces or measures ionizing
radiation. Conplete records must be kept on all radioactive
sources. Area surveys of radiation |evels around these
radi ati on produci ng devices nust be obtained and docunent ed.

To meet these requirenents, physicists nust make
numer ous measurements and maintain detailed and conplete
records. Prior to an inspection, equipnment is usually
rechecked and repaired. The physicists frequently meet with
the inspectors, schedule the inspection of the equipment,
review the inspection procedures, review the findings and
arrange for corrective actions as required.

Between 0.2 to 1.0 days nmay be required per roomto
adequately prepare for the above inspections. The actual
time depends on the equipnent and the size of the facility.
In some states, regulations are stricter than in other
states and this adds to the effort.
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10.  Teaching

Physi cists are responsible for teaching health and
i magi ng aspects of radiological physics to radiol ogy
residents. Additionally, the phfv3| cist frequently teaches
radi ation safety and radiation effects to medical students,
technol ogi sts, residents, radiology staff, nurses, security
personnel and housekeeping staff. Diagnostic radiol ogy
residents nust be prepared to pass witten board
exami nations containing a significant nunber of physics
questions. Considering the l'arge nunber of topics which
must be taught, the resident courses should have a
significant nunber of in-class hours and |aboratory
sessions.  The Nuclear Regulatory Conmi ssion (NRC) requires
the nuclear nedicine residents to have a mnimum of 200
classroom hours in order to beconme |icensed (See Appendix I,
Item 13). Residents should have a minimum of 50 classroom
hours of instruction per year.

For institutions with residency prograns and/or student
t echnol o?y prograns in radiol ogg, | ectures are intended to
provi de fundanmental know edge about scientific principles,
an understandi ng about imaging equi pnment, to enhance their
ability to properly utilize clinical devices, and to provide
an under st andi ng about the hazards and safe usage of
ionizing radiation. The usual criteria for estimating
teaching loads is one to three hours of preparation for
every hour in the classroom

11. Administrative Duties

A certain percentage of every diagnostic radiol ogical
physicist's tine is devoted to administrative duties. These
Items include witing reports, preparing operating budgets,
mai nt ai ni ng equi pnent files, attending conmttee neetings,
comuni cating with administrators, requesting the purchase,
repair and calibration of physics equipment and other
simlar functions. In large institutions, the chief
physicist inevitably incurs increased admnistrative duties
above those of the average physicist.

12.  Continuing Education

It is essential that the need for continuing education
of medical physicists be recognized and that ap?ropriate
time be allotted. Physicists should attend professional
meetings, refresher courses, scientific sessions and
technical exhibits to remain abreast of innovative
devel opnents in new equi pnent, techniques, and other nedical
imaging issues. Physicists should also keep abreast of
information in technical and clinical publications. About
5% 10% of a physicist's time should be dedicated to
continui ng educati on.

12



B. DEVELOPMENT OF NEW DI AGNOSTI C TECHNI QUES

1. Conput er Support

Physi ci sts' know edge of conputer systens enables them
to assist the physician to develop or nodify clinical
studies which utilize this equipnent. Exanples of these
services include but are not linmited to: Quantitative
anal ysi s of nuclear nedicine images; display, reformatting
and anal ysis of CT inmges; processing of digital radiology
data; and analysis of cardiac inmmges for ventricular
performance indices.

2. Mat hematical Analysis of Data

Many clinical studies require someone to analyze the
clinical data in some mathematical fashion. These types of
anal yses may include: statistical analyses such as |l near
regression and correlation studies, nmean and standard
deviation, T-tests, sensitivity-specificity studies,
recei ver operating characteristic (ROC) curves, and many
ot her tyﬁes of calculations. dinical exanples include
establishing the evaluation of ventilation-perfusion and
renal flow studies in nuclear nedicine as well as cardiac
function and bone mineral deterninations in diagnostic
radiology. A physicist's strong training in mathematics
enabl es himto provide technical advice and assistance in
the appropriate analysis of clinical data. Once the
anal yses are established, a trained technologist perforns
these functions, but a physicist should periodically nonitor
the adequacy of these eval uations.

3. Research and Publications

At nost large medical facilities, ﬁh sicists are
expected to assist the radiologists with both basic and
clinical research. A diagnostic physicist's training in
mechani cs, el ectronics, mathematics, chemstry, physiol ogy
and clinical exposure permits himto bring a strong
scientific background to many research projects. If this
function is appropriate for the institutional position, then
extra time should be allocated for physicists to performthe
library research and to do pilot studies necessary to

devel op research Proposals that are submitted for funding
consi derati on. Efforts to wite articles intended for
publication in journals and for presentation at professional
nmeetings must also be considered.

4, Consul tation Services

Physicists are often requested to provide advice and
techni cal assistance to other departments in the nedical
institutions; these include dentistry, cardiology, urology,

13



surgery and orthopedics. The physicist's broad area of
expertise for medical imging can be applied across
departmental lines in nedical institutions.

5. Qther Training Prograns

Physi cists are involved in training prograns for
technol ogi sts, other radiological physicists, and
physi ci ans. Often facilities have special short courses to
provide training for physicians and technol ogi sts so that
ther understand radiation safety principles in the
utilization of high technology equiprment. This training may
be on an individual basis or at local and national meetings.

14



|V. Recommendations for Physics Staffing

The recomendations in this docunent for physics
staffing utilize an item zations of equipnent within the
facility. These recomendations are sumarized in Table 1.
The recomendations address the primary needs generated by
each piece of equipnent at the institution as well as other
indirectly related requirenents for radiological physics
services. These needs include quality control, radiation
safety, replacement of aging equi pment, regul ator
requi rements, educational activities for the staff,
clinically related needs and admi nistrative functions.

These recommendations do not include needs generated
for research projects, special teaching needs for residents
and nedi cal students, or needs associated with PET scanners.
The needs required by each institution to fulfill these
speci alized function vary greatly. Therefore, each
institution should allocate positions for physicists on the
basis of their teaching demands, services provided at the
PET facilities, and the enphasis they place upon research.

In addition to the required physics staff, there nust
be sonme provision to provide support personnel to assist the
physi ci sts. Physicists are often assisted in the
performance of their various services in a diagnostic
facility by QC technol ogi sts, processor nonitoring
Radi ation Safety technicians and other support
staff. QC technol ogists are utilized to assist the
thsici sts with various routine QC neasurenents in order to
make a nore effective use of the physicist's tine. The C
technol ogists may directly performthe nore routine
nmeasurenents on the |ess sophisticated radiol ogy equi prent
which they review with the physicists.

For exanple, the nonitoring of automated film
processors is an essential function that nust be performed
on a daily basis. Some regulatory codes mandate the daily
monitoring of film processors with sensitometry filns. The
sensitonetry filns are usually exposed, processed in each
film processor, nmeasured and plotted by a designated
processor QC technician. For a facility with many film
processors, the nonitoring operations can require a
Si gnifi cant expenditure of effort. Similarly, the Radiation
Safety technicians nay be involved with many assorted
services fromthe distribution of radiation badge nonitors
to the disposal of radioactive waste from nucl ear nedicine
and research laboratories. Qher Radiation Safet
operations involve monitoring of the proper use o
radi oactive materials and radiation producing facilities,
l'icensure and various recordkeeping functions.
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The nunber of physics support staff can be directly
related to the nunber of FTE physicists. In this document,
the recomendati ons for physics support staff are 1.5 FTE
support staff per physicist. The physics support staff
woul d be conprised of QC technol ogists, processor nonitoring

personnel, Radiation Safety technicians and other associated
personnel .
In order to illustrate the application of the staffing

recommendations given in Table 1 of this report, an exanple
of a medium size diagnostic radiology facility is used. The
equi pment in this facility may be simlar to that found in a
400- 600 bed hospital. The facility in this exanple has 22
x-ray roonms, 1 CT scanner, 7 nobile x-ray units, 2 nuclear
medi ci ne i magers, 1 SPECT device and 4 ultrasound units.

The equi pment is categorized according to type in Table #2.

The recomrended physics support for this facility is
cal cul ated based upon the number and type of radiol ogy
equi pent contained in the facility. Based upon the
recommendations, in this report, the facility* should enploy
1. 72 FTE physicists and 2.58 FTE support staff. The x-ray
operations would require a full-tine-physicist; and the
nucl ear medicine, ultrasound and radiation safety operations
woul d require the services of a part-time physicist
expendi ng approxi mately 50% 70% effort.

In order to performthe various physics service for the
facility in the exanple, the recommended staffing seens to
be reasonabl e. The nunber is also consistent with a 1973
USHEW ( FDA) recommendation that each hospital with nore than
300 beds have a |least one full-tine professional medical
physi ci st. (Appendi x I, reference 11) The USHEW ( FDA)
recommendations were witten before the inplenentation of
consi derabl e high technol ogy equiprment in diagnostic
radiology facilities; and therefore, it represents a |ower
limt to estimating necessary physics support.

16



Table 2. The equiprment of a facility and FTE physicists and
support staff are summarized as foll ows:

_ FTE s per Recomrended
Equi pnent Equi pnent FTE Physicists
15 general x-ray 0. 015/ room 0. 225
roons
4 RF roons 0. 05/ room 0. 20
3 special procedures 0. 08/ room 0.24
roons
2 digital systens 0. 04/ system 0.08
1 CT scanner 0. 08/ room 0.08
5 radi ographic 0.0l 5/ uni t 0.075
portable units
2 portable fluoro- 0. 03/ unit 0. 06
scopic units
2 nucl ear nedicine 0.10/ unit 0.20
i magers
1 image processing 0. 25/ unit 0.25
conmput er
1 SPECT unit 0. 25/ unit 0.25
4 ultrasound units 0. 015/ uni t 0.06
Total ... .72

Practical Staffing: 2.0 FTE Physicists and 2.6 (1.5 x 1.75)
FTE Support Staff

The facility could hire 1 full-time physicist in x-ray with
an additional 72% part-tinme physicist In Nuclear Medicine,
U trasound and Radiation Safety operations. In practical
terms, 2 physicists are appropriate. The appropriate
physics support staff is 2.6 FTE's.
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V. Concl usi ons

Gui del i nes have been set for estimating the nunber of
appropriate physics staff and their support personnel for a
given facility. These recommendations use the type and
amount of radi ol ogy equi pnent as an index to estinate the
amount of physics support required. Even t hough some
physics services are not directly related to the equi pnent,
this method serves as a nechani smthat can be unanbi guously
utilized to obtain a value for the anount of physics staff
that should be provided in a given radiology facility.

Thi s docunent recommends that the total number of full
time equival ent physicists be determ ned separately fromthe
support staff. In this way, both the values for the
physicists and the support personnel can be appropriately
det er ni ned.

In many instances, the nunbers for staff size generated
by use of Table 1 will contain fraction of personnel. The
needs of the departnment can be fulfilled by hiring part-tine
equi val ent individuals or consultant physics services to
provide the necessary physics support. However, all
radiologic facilities should have sone support from a
di agnostic radiological physicist to handle their diagnostic
radi ol ogi cal physics needs. For small diagnostic radiol ogy
facilities in which I ess than one physicist is required, a
physici st should be enployed as a consultant or on a part-
time basis in order to supervise the physics operations.

The data given in this report should enable
admi ni strators, departnental directors, radiologists,
physicists. and other health care professionals to assess
properly the diagnostic physics staffing requirenents for
their particular nedical facility. The infornmation should
aid in-the evaluation of the need for increased staff
menbers required as new equi pment is purchased or as the
department expands. Fol | owi ng these guidelines will provide
an institution with a conpetitively consistent high standard
of diagnostic inmage quality, radiation safety and patient
care necessary to nmeet the requirenents of today's
increasingly technologically conplex radiology facilities.
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Appendi x |

Ref erences on Physics Support in Diagnostic Radiol ogy

L.

Joint Conmission on Accreditation of Healthcare

Organi zat i
" St andar d"

DR 2

ons

There are policies and procedures to assure
effective managenent, safety, proper
performance of equiprment, effective

communi cations, and quality control in the
di agnostic radiol ogy departnent/service.*

Required Characteristics

DR 2.1

Policies and procedures are devel oped in
cooperation with the nedical staff,

adm nistration, nursing services, and, as
necessary, other clinical departnents/
services, and are inplenmented.*

DR 2.1.1 The policies and procedures are
reviewed periodically by a nedical radiation
physi ci st .

DR 2.1.2 The policies and procedures are
revised when necessary.

DR 2.1.2.1 Each revision is docunented.

The written policies and procedures include,
but need not be limted to, the follow ng:*

DR 2.2.7 A quality control program designed
to mnimze patient, personnel, and public
risks and maximze the quality of diagnostic
i nformation;*

DR 2.2.9 Conpliance with applicable |aw and
regul ation

DR 2.2.10 Provisions that a qualified
physician, qualified medical radiation
physicist, or other qualified individual*

DR 2.2.10.1 Mnitors performance eval uations
of diagnostic and treatnent equi pnent at
| east annual ly;* and

DR 2.2.10.2 Mnitors doses from diagnostic
radi ol ogy procedures.*
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DR 2.2.11 Wth respect to radiation hazards
from equi prent, adherence to the
recommendations of any currently recogni zed
and reliable authority on radi ati on hazards,
such as the National Council on Radiation
Protection and Measurenents, and any
requirements of appropriate licensing

agenci es or other governnent bodies:

DR 2.2.12 Cuidelines for protecting personnel
and patients fromradiation.

DR 2.2.13 The nonitoring of staff and
personnel for exposure to radiation.

DR 2.2.14 Cuidelines developed in
consultation with infection control commttee
for the protection of staff, patients, and
equi prent ;

DR 2.2.15 Oientation and a safety education
program for all personnel.
* Indicates key factors in the accreditation decision
process. From Accreditation Manual for Hospital, Joint
Conmi ssi on on Accreditation of Healthcare O ganizations,
1988.

2. Joint Conmission on Accreditation of Healthcare
Or gani zati ons
" St andar d"
NM 2 There are policies and procedures to assure

effective managenent, safety, proper
performance of equi prent, effective
conmmuni cation, and quality control in the
nucl ear nedi ci ne department/service.*

Requi red Characteristics

NM 2.1 Policies and procedures are devel oped in
cooperation with the nedical staff,
adnministration, nursing services, and, as
necessary, other clinical departnents/
services, and are inplenented.*

NM 2.1.1. The policies and procedures are
reviewed periodically by a nedical radiation
physi ci st

NM 2.1.2 The policies and procedures are
revi sed when necessary.
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NM 2. 2

NM 2.1.2.1 Each revision is docunented.

The witten policies and procedures incl ude
but need not be linited to, the follow ng:*

NM2.2.8 A quality control program designed
to mininize patient, personnel, and public
risk and mexinize the quality of di agnostic
information. *

NM 2.2.10 The maintenance of records on

radi onucl i des and radi opharnaceuticals from
the point of administration and final

di sposal ;

NM 2.2.10.1 Information in the records
includes, at |east,

NM 2.2.10.1.1 The date, nethod of receinpt,
identity of radionuclide, activity, and
di sposal ;

NN. 2.2.10.1.2 Supplier and |ot nunber

NM 2.2.10.1.3 ldentity of recipient,
identity of radionuclide, activity of
radi onucl i de adm nistered, and date

NM 2.2.11 Safety policies, including

NM 2.2.11.1 The receipt, storage, transport,
preparation, handling, use, and disposal of
radi onucl i des;* and

NM 2.2.11.2 Inplementation of standard PL.6
through required characteristic PL.6.10 in
the "Plant, Technol og¥, and Saf et
Managenent" chapter this Mnual (for the
managenent of hazardous materials).*

NM 2.2.12 Conpliance with applicable |law and
regul ation.

NM 2.2.13 For purposes of standardizing
equi pnent  performance, radiation standards
havi ng energies equivalent to those

radi onuclides used in patient studies.

NM 2.2.14 Provisions that a qualified

physician, qualified nedical radiation
physicist, or other qualified individual*
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NM2.2.14.1 Mnitors performance eval uations
of diagnostic equipnent on a quarterly
basi s; *

NM 2.2.14.2 Mnitors doses adninistered to
patients for acceptable agreement with
prescribed doses;*

NM 2.2.14.3 Mnitors, for validity,
quantitative results obtained from
procedures; and*

NM 2.2.14.4 Monitors absorbed doses of
radiation in individual patients as requested
by the director.*

NM 2.2.15 Cuidelines for protecting personnel
and patients fromradiation.*

NM 2.2.16 The nmonitoring of staff and
personnel for exposure to radiation.*

NM 2.2.17 The nonitoring of receipt, storage,
preparation, and use areas for radionuclide
contam nation. *

NM 2.2.18 Cuidelines to be followed in the
event of radionuclide contam nation of the
environnent, patients, personnel, or

equi pnent .

NM 2.2.19 CGuidelines devel oped in
consultation with the infection control
committee for the protection of staff,
patients, and equipnent.

NM2.2.20 Orientation and a safety education
program for all personnel.*
* Indicates key factors in the accreditation decision
process. From Accreditation Manual for Hospitals, Joint
Conmi ssi on on Accreditation of Healthcare Organizations,
1988.

3. "Medi cal physicists should be responsible for the
practical aspects of diagnostic radiology, including
quality control. The nmedical physicist's teaching

obligations should reflect this practical involvenent.
From Quality Assurance for Diagnostic |maging
Equi pment, NCRP Report No. 99, 1988.

4. "Before x-ray equipment is put into regular use,
conpl ete radiation safety surveys shall be carried
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out." From Radiation Protection for Medical and Allied
Heal th Personnel, NCRP Report No. 48, 1976.

"All new installations and existing installations not
previously surveyed shall have a Radiation Protection
Survey perfornmed by or under the direction of a
qualified expert. From Structural Shielding Design and
Evaluation for Medical Use of X-rays and Gamma Rays of
Energies Up to 10 meV, NCRP Report No. 49, 1976.

"In larger radiation utilization progranms, a qualified
i ndi vi dual should be designated as the Radiation Safety

Oficer. ... Specialized education in health physics at
the undergraduate or college level, conbined with
practical experience, is preferable." From Operational

Radi ation Safety Program NCRP Report No. 59, 1978.

"An adequate diagnostic quality assurance (QA) program
i nvol ves periodic checks of conmponents in a diagnostic
X-ray ima?i ng system The optinum QA program for any
individual facility will depend on a number of factors
whi ch include, but may not necessarily be linmted to,
items such as the type of procedures performed, type of
equi pnent utilized and patient workload. The program
shoul d be devel oped under the gui dance and supervision
of a medical physicist qualified in this area of
expertise by education, training and experience."
fromBasic Quality Control in Diagnostic Radiology,
Anerican Association of Physicists in Medicine (AAPM
Report No. 4, 1978.

"Who needs a Radiol ogical Physicist? Every facility
with any of the followi ng: x-ray generating equi pnent,
nucl ear nedi cine imaging equi pment, ultrasound or MR
equi prent, radi oi sotope |aboratory, research utilizing
radi oactive materials, radiation therapy egui prent,
plans to acquire any of the above nentioned equi pnent,
and/ or education programs for radiol ogy residents,

nmedi cal students or radiol ogical technologists."

from The Radi ol ogi cal Physicist, Anerican College of
Radi ol ogy (ACR), 1985.

! in the radiological field (diagnostic imging,
radi ati on oncol ogy, nuclear medicine and radiation
protection) there is an obvious need for a clinical
medi cal physics service... Again, it is the position
of the AMAPMthat it is high unlikely that optimal
imging (and therefore the best available medical care)
can be provided by those inmging departnents that do
not provide for and use nmedical imaging services."
from The Roles, Responsibilities and Status of the
dinical Medical Physicist, Anmerican Association of
Physi cists in Medicine (AAPM, 1985.
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10.

11.

12.

13.

14.

QA progranms are recommended for all diagnostic
radiology facilities and phyS| cists (where available)
should play a mgjor role."”

from Burkhart RL, Quality Assurance Programs for

D agnostic Radi ol ogy Facilities, HEW Publications (FDA)
80-8110, February 1980.

"Periodic neasurenents using appropriate, calibrated
instruments shoul d be conducted to deternine facilities
(radi ation) exposure levels for the "standard

patients.

from Eval uation of Radiation Exposure from Diagnostic
Radi ol ogy Examination - General Recommendations, USHHS
Publ i cations (FDA) 85-8246, August 1985.

"Recommendat i on: At least one full-tinme professional
nedi cal physicist is needed in each nedical institution
with more than 300 hospital beds."

from Status and Future Manpower Needs of Physicists in
MEdicine in the United States, USHEW Publication (FDA)
74-8014, Novenber 1973.

"Sixty hours of documented instruction in Magnetic
resonance imaging physics, | ntrunmentation and clinical
apparatus are recormended. '

from MR Cuidelines, ACR Bul letin, Vol. 41, No. 10,
Cct ober  1985.

"Suggested mnimal acceptable training of Diagnostic
Radi ol ogy Physicians with special conpetence In Nuclear
Medi ci ne:

a. Radiation Physics and Instrumentation------ | 00 hours

b. Radiation Protection ---=--=------=--=----- 30 hours

c. Mathematics pertaining to the use and ----- 20 hours
neasurenent of radioactivity

d. Radiation Biology ----------=------=------- 20 hours

e. Radi opharmaceutical Chemistry ------------- 30 hours

TOTAL 200 hours
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For

Di agnosti ¢ Radi ol ogy:

a. Radiation Physics and Instrumentation------ 10 hours
b. Radiation Protection =----=----=----=------ 40 hours
c. Mathematics pertaining to the use and ---- 25 hours

nmeasurenent of radioactivity

d. Radiation Biology 25 hours

TOTAL 200 hours

from Federal Register, Vol. 47, No. 232, Decenber 2, 1982.

a 3:| ratio of preparation time to classroom hours,

the 200 hours of training would amount to 0.40 FTE
physi ci st.)

15.

16

17.

"Each facility shall establish a conmittee of

i ndividuals to be responsible for Radiation Safety and
Quality Assurance for those departnents within the
facility which utilize x-rays for diagnostic purposes.
... the comittee should be conposed of a m ni num of
one Radiol ogist, the Chief Technol ogist, the

technol ogi st(s) and a Diagnostic Radiol ogi cal Physicist
and a menber of the in-house x-ray service." e
document then details the QC testing which is deened
necessary.

from Guide for Radiation Safety/Quality Assurance
Prograns, New York State Departnent of Health, Bureau
of Environmental Radiation Protection, April 1985.

"A large facilit%/ (wWith 15 to 20 rooms) should have a
full-time QC technol ogist and two or nore full-tinme
service engineers. A facility of this size should have
a phrsi cist working at least half-time and avail able at
the facility 20 hours per week on a fixed schedule. In
addi tion, the physicist should be available for

consul tation by tel ephone at all tines.

fromGay JE, Wnkler NT, Stears J and Frank ED:

Quality Control in Diagnostic |mging, Aspen
Publ i shers, Inc., Rockville, MD, 1983.

"The ﬁhysici st, who is a menber of the team responsible
for choosing new equi pnent, provides advice on the
performance characteristics of imaging systems and
comments on the suitability of the equipnent for
proposed usage. ... Performance assessment deals with
the relationship between dose and immge quality for any
particular imging system and clinical application.

... Regular monitoring of equipment, including retake
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18.

19.

20.

and reject analysis, is necessary to ensure effective
operation and image quality."

from The Role of the Medical Physicist in the

Scientific and Technical Support of Diagnostic X-ray
Services, Hospital Physicists' Association, London
1985.
"... The physicist should be responsible for evaluating
performance characteristics of new diagnostic

equi pnent . Physics instruction of diagnostic
residents should be given by a physicist..."

from Nice CM and Bushon SC, The Diagnostic Radiol ogic
Physi ci st, Radiol ogy 109:225-226, Cctober 1973.

"It is the position of the College that ABR Certified
radi ol ogi cal physicists (or equivalent) be required (to
provide Quality Control services to the hospital

radi ol ogy departments) and that State safety

i nspections are conducted to indentify equi pment

def i ci enci es rat her than to assist in inproving health
care quality."

from ACR Physics Report, American College of Radiol ogy
August 1, 1983.

"The new (JCAHO 1987) standards enhance the role of
radi ol ogi cal physicists. The policies and procedures
of the three radiol ogy services nust be revi ened
periodically by a medical radiation physicist. The
standards will also require periodic nonitoring of
performance eval uations of radiologic equipnent. This
will be done on an annual, quarterly and nonthly basis,
respectively for di agnostl ¢, nuclear nmedicine and

radi ati on oncol ogy services: The nonitoring will be
handl ed by a qualified physician, medical radiation
physicist or other qualified individual."

from ACR Bul l etin, Anerican College of Radiology, My

1986.
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Appendi x |

Quality Control Test Procedures

In this appendix, the Task Goup lists a nunber of
Quality Control tests which should be routinely conducted in
Di agnostic I mging Departments. The manner in which the QC
tests are perfornEd are not described since severa
publications (I-7) are devoted to this topic. Furthernore,

a nmore conprehensive QC program may include a nunber of
additional procedures which provide a nore detailed
assessnment of the equipnment. The QC procedures enumnerated
bel ow are the basic tests that are essential to ensure
proper and consistent operation of the diagnostic imging

equi pment.  Associated with QC tests is the necessity to
document results so that trends may be traced and
performance nore closely evaluated. Since the many tests
are very specific to certain types of equipnent such as

ul trasound units or MR scanners, the itens discussed are
limted to the certain x-ray eqU|annt The test procedures
and an estimation of the frequency for the testing are
given. Testing frequencies, however, are heavily dependent
upon the type of equipnent and its clini cal usage; certain
critical units may require checks on a nonthly or quarterly
basis. The goal of this section is to provide the reader of
this document with an understanding of the extensive nature
of typical QC programs which are normally performed under
the supervision of a diagnostic radiol ogical physicist.

A Film Processor Mbnitoring

1 Essential test - Processor speed, contrast, base plus
fog and devel oper tenperature shoul d be nonitored on a
daily basis for each processor. These tests could be
conducted by a designated quality control technol ogi st
In addition, artifacts on clinical filnms should be
routinely noted and di agnosed by indivi dual
technol ogi sts or the technol ogi st assigned to quality

control filns as they emerge fromthe processor.
B. Dar kroom Fog
1. Essential tests - each darkroom shoul d be checked for

ésources of unsafe light) at |least annually or anytinme
arkroomfog is suspected. This test could be
conducted by a quality control technol ogist (or

possi bly a darkroom technol ogi st).
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Screen-Fi I m Cont act

Essential tests - new cassettes and/or screens should
be checked for screen-film contact prior to acceptance.
Cassettes already in use should be checked on an annual
basi s or whenever damaged screens or cassettes are
suspect ed.

X-Ray Tube Checks

Essential tests - half-value |ayer and consistency
checks should be conducted annually or after a new x-
ray tube is installed. Focal spots should be neasured
Beri odical ly. In addition, the half-value |ayer should
e checked after any service that requires that the
collimator be renoved fromthe x-ray tube.

Addi tional tests - checks of the x-ray tube protective
circuitry should be thoroughly checked Prior to
acceptance of a new room and subsequently on an annual
basi s.

Col | i mat or _Checks

Essential tests - x-ray field/light field congruence,
col l'imator accuracy, Bucky tray alignment and automatic
collimator field size should be checked every 6 months
after collimator |ight changes and after any service
that requires that the collimtor be renoved by the x-
ray tube.

Addi tional tests - Bucky grid notions and alignment
tests shoul d be conducted on an annual basis.

Radi ogr aphi ¢ _Gener at or Checks

Essential tests - exposure reproducibility, mA
linearity, timer reproducibility and accuracy and kVp
reproduci bility and accuracy should be checked every 6
months or follow ng any service to the x-ray generator.

Aut omati ¢ Exposure Control (AEC) Checks

Essential tests - reproducibility, backup tine, ninimm
exposure time, thickness conpensation and kVﬁ
conpensation shoul d be evaluated follow ng changes in
intensifying screens and every 6 nonths.

Fl uor oscopi ¢ _Checks

Essential tests - fluoroscopic image size and beam
linmtation should be checked every 3 nonths.  Maximum
tabl etop exposure rates (or maxinmum entrance exposure
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rates for above table tubes) should be checked every 6
months. At the sane tinme, "standard" entrance exposure
rates shoul d be checked using an appropriate phantom
High and | ow contrast resolution checks of the TV
monitor, screen-film spots, photospots and cine should
be conduct ed every 6 months. Qher checks such as HVL,
focal spot and AEC performance should be checked as
outlined above.

2. Addi tional tests - grid alignment checks and
qualitative tests of the automatic brightness control
can be checked on an annual basis

. Tonogr aphi ¢ _Checks

1. Essential tests - tonpgraphic cut level, cut thickness,
notion conpl eteness and resolution, should be checked
every 6 nonths. Other tests for radiographic
generator, tubes and collimtors should be conducted as
specified above.

2. Addi tional tests - exposure angle accuracy and
tonographic plane flatness can also be checked every 6
mont hs.

J. Patient Entrance Skin Exposure

1. Essential tests - entrance skin exposures for several

representative projections of a standard patient should
be neasured on each radi ographic (and tonographic
system) on an annual basis.

K. Conput ed Tonogr aphy

1 Essential test - CT number, noise and field unifornity
shoul d be checked via a water phantom daily. Pati ent
dose |evels should be neasured annually.

2. Addi tional tests - contrast scale, high and |ow
contrast resolutions and slice thickness accuracy and
al i gnment shoul d be checked on a weekly basis.

Many of the aforementioned tests should be conducted by QC
technol ogi sts under the direction of a diagnostic

radi ol ogi cal physicist. However, a diagnostic physicist
shoul d nore actively partici pate in those tests which
invol ve patient dosinetry, image quality evaluations,

conpl ex measurenments and radiation safety issues.
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