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CHAPTER 1
GENERAL

Section I. INTRODUCTION

1-1. Purpose

a. This bulletin provides procedures for the acqui-
sition, installation, calibration, maintenance, evalu-
ation, use, and disposal of diagnostic, therapeutic,
and medical research x-ray systems; and for the
acquisition, design, and evaluation of facilities for
such systems. These procedures implement the
Department of the Army (DA)—

(1) Radiation safety program policies pre-
scribed in Army Regulation (AR) 11-9.

(2) Medical logistics policies prescribed in AR
40-61.

b. This bulletin also implements the provisions
of— ‘

(1) Title 21, Code of Federal Regulations
(CFR), chapter 1, subchapter J.

(2) Volume 43, Federal Register, p. 4377 (43
FR 4377).

(3) U.S. Department of Health and Human
Services (HHS) Publication, Food and Drug
Administration (FDA) 91-8203, Sections F.8 and
F.9.

¢. This bulletin implements selected provisions
of—

(1) National Council on Radiation Protection
and Measurements (NCRP) Reports No. 35, 36, 49,
79, 99, and 102.

(2) American Association of Physicists in
Medicine (AAPM) Reports No. 25, 31, 46, and 51.

1-2. Scope

a. This bulletin applies to all Active Army, U.S.
Army National Guard (ARNG), and U.S. Army
Reserve (USAR) elements worldwide that acquire,
possess, install, calibrate, maintain, evaluate, use,
or dispose of diagnostic, therapeutic, or medical
research x-ray systems.

b. All U.S. Army contractors worldwide that
install, calibrate, maintain, evaluate, or use diag-
nostic, therapeutic, or medical research x-ray sys-
tems will comply with the provisions of this bulletin
or with State or national requirements, whichever
is more stringent.

1-3. References

Appendix A provides a list of references and forms.

1-4. Explanation of abbreviations and terms

The glossary contains a list of the abbreviations and
special terms used in this bulletin.

1-5. Procedures

a. The Director of Army Safety (DASAF). The
DASAF serves as the proponent for Army radiation
safety per AR 10-5 (see AR 11-9).

b. The Surgeon General (TSG). In addition to the
responsibilities in AR 10-5, TSG will—

(1) Provide technical guidance to—

(@) DA, ARNG, and USAR to implement 21
CFR, chapter 1, subchapter J, and consensus stan-
dards relating to diagnostic x-ray systems.

(b) DA to implement consensus standards
relating to the use of therapeutic x-ray systems.

(2) Maintain a liaison with the Center for
Devices and Radiological Health (CDRH).

c. Commanders, major Army commands
(MACOMs). In addition to the responsibilities in
AR 10-87, each MACOM commander will—

(1) Ensure that subordinate commands comply
with 21 CFR, chapter 1, subchapter J, and the pro-
visions of this bulletin.

(2) Provide adequate resources to subordinate
commands to support the DA Radiation Protection
Program (RPP).

(3) Ensure that a qualified expert performs an
evaluation of the radiation shielding in design plans
for new radiographic facilities or modifications to
existing radiographic facilities prior to the start of
construction or modification per AR 11-9, paragraph
2-1c and chapter 4, section I, of this bulletin.

d. Commanding General, U.S. Army Medical
Command (MEDCOM). In addition to the responsi-
bilities in AR 10-87 and the specific procedures in b
above, the Commander, MEDCOM, will task the
U.S. Army Medical Department Center and School
(AMEDDC&S) to develop adequate training pro-
grams for—

(1) Medical maintenance personnel perform-
ing the assembly, reassembly, maintenance, calibra-
tion, or acceptance testing of diagnostic, therapeu-
tic, and medical research x-ray systems. The
AMEDDC&S coordinates with U.S. Army Medical
Materiel Agency (USAMMA) for staff advice and
assistance in developing these training programs.

1-1
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(2) Health physics personnel who perform
radiation protection, compliance, and quality assur-
ance (QA) surveys, or acceptance tests of diagnostic
and medical research x-ray systems. The
AMEDDC&S coordinates with the U.S. Army
Center for Health Promotion and Preventive
Medicine (USACHPPM) for staff advice and assis-
tance in developing these training programs.

Note
Any individual that does not meet the training
and experience requirements in paragraph 1-6g
for a medical physicist should not perform sur-
veys or acceptance testing of therapeutic x-ray
systems.

e. Commander, USAMMA. In addition to the
responsibilities in AR 40-61, the Commander,
USAMMA will—

(1) Ensure that x-ray tube housing assemblies
manufactured by USAMMA maintenance activities
meet the standards in 21 CFR, chapter 1, subchap-
ter J.

(2) Recommend corrective action for diagnostic
x-ray systems that do not comply with 21 CFR,
chapter 1, subchapter J.

(3) Forward completed copies of Form FDA
2579 (Report of Assembly of a Diagnostic X-ray
System) to CDRH, 1350 Piccard Drive, Rockville,
MD 20850.

(4) Maintain compliance data, to include a sum-
mary of acceptance testing information, for the life
of each certified diagnostic x-ray system.

(5) Maintain records and compile reports for
CDRH as required by 21 CFR 1002. Forward a copy
of each report sent to CDRH to the Office of The
Surgeon General’s Radiological Consultant at TSG,
ATTN: DASG-ZH, 5109 Leesburg Pike, Falls
Church, VA 22041-3258.

Note

The consultant is not physically located at the
address provided in (5) above. We did not pro-
vide a direct address in this bulletin because
the consultant’s actual location may change
periodically; however, a direct address can be
obtained from the Regional Medical Commands
(RMCs) or the USACHPPM.

(6) Coordinate with the AMEDDC&S in the
development of adequate training programs for
medical maintenance personnel performing the
assembly, reassembly, maintenance, calibration, or
acceptance testing of diagnostic, therapeutic, and
medical research x-ray systems.

(7) Develop and publish programs for the

1-2

maintenance and calibration of diagnostic medical
and dental x-ray systems, as necessary.

(8) Provide acquisition specifications for diag-
nostic x-ray systems to the procuring organization,
upon request.

(9) Act as a point of contact for reviewing ques-
tions and resolving problems and interpretations

‘relevant to 21 CFR, chapter 1, subchapter J, regard-

ing assembly, calibration, and maintenance of x-ray
systems.

(10) Participate in quad-service development of
Department of Defense (DOD) approved acceptance
testing protocols that are used by the Defense
Supply Center—Philadelphia (DSCP).

(11) Maintain a listing of diagnostic x-ray sys-
tems used in the clinical care of patients.

(12) Perform acceptance testing on selected
diagnostic x-ray systems based on the cost, the com-
plexity, the local activity’s resources, and the avail-
ability of qualified persons.

f. Commander, USACHPPM. In addition to the
responsibilities in AR 40-5, the commander,
USACHPPM, will—

(1) Conduct radiation protection, compliance,
and QA surveys of diagnostic and medical research
x-ray systems at facilities without qualified person-
nel, at the request of the RMCs.

(2) Perform acceptance testing of diagnostic x-
ray systems as requested by the DSCP or the RMCs.

(3) Perform acceptance testing of other x-ray
systems as requested by the RMCs.

(4) Review the RPPs at the RMCs to include
the records of surveys provided in support of facili-
ties in the regions every 3 years.

(5) Review the RPPs at other medical and den-
tal facilities as requested by the RMCs.

(6) Conduct shielding evaluations of architec-
tural design plans for new radiographic facilities or
modifications of existing radiographic facilities per
chapter 4 of this bulletin.

(7) Evaluate all diagnostic x-ray systems prior
to type classification and acquisition for DA.

(8) Develop and maintain the Diagnostic X-
Ray Survey Procedures Manual and survey work-
sheets for use in the evaluation of radiologic facili-
ties and equipment.

(9) Provide copies of reports of radiation pro-
tection, acceptance, and QA surveys of diagnostic x-
ray systems to Commander, USAMMA, ATTN:
MCMR-MMM, Frederick, MD 21701-5001.

g. Commanders, outside continental United States
(OCONUS) major medical commands. Each com-

mander of an QCONUS medical command will—
(1) Ensure that subordinate commands com-

ply with 21 CFR, chapter 1, subchapter J, and the
provisions of this bulletin.




(2) Ensure compliance with applicable Status
of Forces Agreements (SOFA).

(3) Provide adequate resources to subordinate
commands to support the DA RPP.

(4) Ensure that a qualified expert performs a
shielding evaluation of design plans for new radi-
ographic facilities or modifications to existing radi-
ographic facilities prior to the start of construction
or modification per AR 11-9, paragraph 2-1c and
chapter 4, section II, of this bulletin.

(5) Ensure that acceptance, compliance, and
radiation protection surveys are performed for diag-
nostic, therapeutic, and medical research x-ray sys-
tems within the command per this bulletin.

(6) Forward copies of the acceptance testing
report directly to the DSCP with an information
copy to USAMMAs Medical Maintenance
Operations Division (MMOD), Building T255, Tracy
Location, Defense Distribution Region West, P.O.
Box 960001, Stockton, CA 95296-0970.

h. Commander, U.S. Army Health Facilities
Planning Agency (USAHFPA). The Commander,
USAHFPA, will forward design plans for new radi-
ographic facilities or modifications to existing radi-
ographic facilities to a qualified expert for a shield-
ing evaluation prior to the start of construction or
modification per chapter 4 of this bulletin.

i. Commanders, RMCs. The commander of each
RMC will—

(1) Conduct radiation protection, compliance,
and QA surveys of diagnostic and medical research
x-ray systems at facilities within their region that
do not have qualified personnel to determine com-
pliance with this bulletin and 21 CFR, chapter 1,
subchapter J. These facilities include non-MED-
COM organizations, such as ARNG, USAR, table of
organization and equipment (TOE) units, and
Military Entrance Processing Stations (MEPS).

(2) Review radiation protection, compliance,
and QA survey reports and records maintained at
facilities within their region that have qualified per-
sonnel.

(3) Review the RPPs at medical and dental
facilities within their region at least every 3 years.

(4) Conduct shielding evaluations of architec-
tural design plans for new radiographic facilities or
modifications of existing radiographic facilities
within their region per chapter 4 of this bulletin.

{5) Request support from the USACHPPM if
they are unable to provide the above services with-
in a timeframe that would ensure compliance with
the provisions of this bulletin.

(6) Provide copies of reports of radiation pro-
tection, acceptance, and QA surveys of diagnostic x-
ray systems to Commander, USAMMA, ATTN:
MCMR-MMM, Frederick, MD 21701-5001.
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J. Commanders, fixed medical and dental treai-
ment facilities. Each commander will—

(1) Appoint, in writing, a radiation protection
officer (RPO) per AR 11-9.

(2) Provide adequate resources to support the
DA RPP.

(3) Permit only qualified persons with specific
delineated clinical privileges to use x-ray systems
for the clinical care of human patients. ’

(4) Ensure that all occupationally exposed
individuals receive initial and annual training in
radiation protection practices, biological effects of
ionizing radiation, and the risks of radiation expo-
sure.

(5) Establish written safety procedures, and
ensure that personnel follow them.

(6) Ensure that assembly, reassembly, repair,
and maintenance of diagnostic x-ray systems and
components are according to the manufacturer’s
instructions, 21 CFR 1020.30, and the provisions of
this bulletin.

(7) Ensure that assembly, reassembly, repair,
and maintenance of therapeutic x-ray systems and
components are according to the manufacturer’s
instructions, this bulletin, and accepted industry
standards.

(8) Ensure that radiation protection, com-
pliance, QA surveys, and acceptance tests of diag-
nostic x-ray systems are performed as specified in
chapter 5 of this bulletin.

(9) Remove all uncertified field x-ray systems
from routine use in the clinical care of human
patients as soon as practical.

(10) Ensure that all test, measurement, and
diagnostic equipment (TMDE) and other equipment
used in the calibration and maintenance of x-ray
equipment and instruments is calibrated per AR
750-43, Technical Bulletin (TB) 43-180, and TB 750-
25.

(11) Ensure that all information relating to the
installation, repair, calibration, and compliance
testing of diagnostic, therapeutic, and medical
research x-ray systems, to include complaint or
warranty actions, is incorporated into the U.S.
Army Medical Department Property Accounting
System (AMEDDPAS) or applicable historical data
records. (See chapter 10.)

(12) Report all defects in diagnostic, therapeu-
tic, and medical research x-ray systems that may
result in unsafe conditions through command chan-
nels to the Commander, USAMMA, ATTN: MCMR-
MMM, Frederick, MD 21701-5001, per paragraph
1-8 of this bulletin.

k. Commanders, field medical and dental units.
Each commander will ensure the requirements of
chapter 7 of this bulletin are met.

1-3
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{. RPO. In addition to the duties in AR 11-9 and
Technical Bulletin, Medical (TB MED) 525, the RPO
will—

(1) Review all written radiation protection
standing operating procedures (SOPs) within the
facility for accuracy at least annually.

(2) Review the purchase orders for all diagnos-
tic, therapeutic, and medical research x-ray devices.

(3) Maintain a registry of all diagnostic, thera-
peutic, and medical research x-ray systems. This
registry shall include—

(a) The location of the system (building and
room number).

(b) Manufacturer (model and serial num-
ber(s) of the x-ray control and tube housing).

(¢c) Type of equipment (accelerator, x-ray,
etc.).

(d) Use (general medical radiographic, den-
tal panoramic, dental cephalometric, etc.).

(e) Stationary or mobile.

(f/ The maximum tube potential (kilovolts-
peak (kVp)).

(g) Maximum tube current (milliampere
(mA)) or maximum product of tube current and
exposure time, (milliampere-seconds (mAs)).

(h) Certification status of the system (that
is, certified or uncertified).

(i) Date of the last radiation protection sur-
vey.

(4) Ensure that occupationally exposed indi-
viduals receive initial and annual training concern-
ing radiation protection practices, the biological
effects of ionizing radiation, and the risks of radia-
tion exposure. Specifically, training shall be provid-
ed for the following individuals:

(a) Radiologists and other physician users.

() X-ray technologists and technicians.

(¢) Medical equipment maintenance person-
nel.

(d) Others determined to be occupationally
exposed to ionizing radiation.

(5) Ensure each individual signs a statement
acknowledging receipt of the training in (4) above,
and maintain the signed statements per AR 25-400-
2.

(6) Maintain records of radiation protection
and QA surveys of all x-ray systems and documen-
tation of the completion of any corrective actions for
at least 3 years.

Section Il. GENERAL REQUIREMENTS

1-6. Training and qualifications of operators
of x-ray equipment

a. The duties performed by the medical x-ray spe-
cialists and the skills and knowledge necessary to
perform these duties are set forth in DA Pam 611-
21. Medical x-ray technologists will have completed
the X-Ray Specialist Course (313-91P10) or equiva-
lent as determined by a competent medical author-
ity prior to performing independent medical diag-
nostic x-ray procedures in an Army military treat-
ment facility (MTF). The selected course will be a
program in radiclogic technology provided by an
educational institution accredited by the
Association of Colleges and Schools or by the Joint
Review Committee on Education in Radiologic
Technology.

b. The duties performed by dental specialists and
the skills and knowledge necessary to perform these
duties are set forth in DA Pam 611-21. TC 8-20-1is
a reference used in the training of the dental spe-
cialist and has a guide for performing his or her
duties. Dental x-ray technologists will have com-
pleted the Dental Specialist Course (330-91E10) or
equivalent as determined by the Chief of Dental
Activities prior to performing independent dental
diagnostic x-ray procedures in an Army dental facil-
ity. Independent operators of dental x-ray systems
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will be individuals having adequate knowledge of
radiation protection principles and practices. These
individuals will be qualified by didactic training
and experience programs consistent with the
Guidelines of Dental Hygienist and Dental
Assistant Training Programs in Dental Radiology
adopted by the Oral Radiology Section of the
American Association of Dental Schools.

¢. When student technologists are undergoing
training, they will be supervised by a qualified radi-
ologic technologist at all times. They will not be on
duty or on call alone until they are in the final
phase of clinical training and have been approved
by the education/training program director.

d. Limited privileged x-ray technologists are
those individuals who do not meet the qualifications
as stated above. Limited privileged x-ray technolo-
gists may perform single or limited x-ray examina-
tions, such as operating automatic chest x-ray sys-
tems. Paramedical personnel, such as nurses and
laboratory technologists, will not operate diagnostic
x-ray systems. The use of such equipment could be
warranted in a life-saving situation, during which
qualified personnel as specified above are not avail-
able to perform the x-ray examination.

e. Medical fluoroscopy will be performed only by
or under the immediate supervision of physicians
properly trained in fluoroscopic procedures and



credentialed through the facility’s medical creden-
tialing process. When used for medical purposes,
fluoroscopic x-ray systems will be provided with
image-intensification. When used by nonradiology
specialists, the fluoroscopic x-ray systems will have
image-intensification with a last image-hold fea-
ture.

[ All x-ray systems used for radiation therapy
will be used by or under the supervision of a radia-
tion oncologist who has specialized training in radi-
ation therapy. The users of x-ray therapy systems
will be approved by the Credentialing Committee
per AR 40-400. Any person authorized to use ther-
apeutic x-ray systems without supervision will be a
physician who—

(1) Is certified in—

(a) Radiology or therapeutic radiology by the
American Board of Radiology (ABR).

() Radiation oncology by the American
Osteopathic Board of Radiology.

7 (c) Radiology, with specialization in radio-
therapy, as a British “Fellow of the Faculty of
Radiology” or “Fellow of the Royal College of
Radiology”.

(d) Therapeutic radiology by the Canadian
Royal College of Physicians and Surgeons.

(2) Isin the active practice of therapeutic radi-
ology and has had classroom and laboratory train-
ing in the basic techniques applicable to the use of a
linear accelerator (LINAC) or teletherapy system,
supervised work experience, and supervised clinical
experience as follows:

{a) Two hundred hours of classroom and lab-
oratory training that includes—

1. Radiation physics and instrumentation.

2. Radiation safety.

3. Mathematics pertaining to the use and
measurement of ionizing radiation.

4. Radiation biology.

(b) Five hundred hours of supervised work
experience under the supervision of an authorized
user at a medical institution that includes—

1. Reviewing the full calibration measure-
ments and periodic spot checks.

2. Preparing treatment plans and calcula-
tion treatment times.

3. Using administrative controls to pre-
vent misadministrations.

4. Implementing emergency procedures.

5. Checking and using survey meters.

(c) Three years of supervised clinical experi-
ence that includes one year in a formal training pro-
gram approved by the Residency Review Committee
for Radiology of the Accreditation Council for
Graduate Medical Education, or Committee on
Postdoctoral Training, or American Osteopathic
Association.
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(d) Two years of clinical experience in thera-
peutic radiology under the supervision of an author-
ized user at a medical institution that includes—

1. Examining individuals and reviewing
their case histories to determine suitability for radi-
ation therapy treatment.

2. Selecting the proper dose and how it is
to be administered.

3. Calculating the therapy doses and col-
laborating with the authorized user in the review of
patients progress and consideration of the need to
modify originally prescribed doses.

4. Post-administration follow-up and
review of case histories.

g. The medical physicist will be an individual
who—

(1) Is certified by the ABR in—

(a) Therapeutic radiology physics.

(b) Radiological physics.

(2) Is certified by the American Board of
Medical Physics in Radiation Oncology Physics.

(3) Is certified by the Canadian College of
Physicists in Medicine in Therapeutic Radiological
Physics.

(4) Holds a master’s or doctor’s degree in
physics, biophysics, radiological physics, or health
physics; and has completed 1 year of full time train-
ing in therapeutic radiological physics and an addi-
tional year of full time work experience under the
supervision of a teletherapy or medical physicist
meeting the requirements of (1), (2), or (3) above at
a medical institution that includes the medical use
of sealed and brachytherapy sources and full cali-
bration measurements, periodic spot checks, and
safety checks for LINAC facilities.

h. The training and experience specified in f and
g above must have been obtained within 5 years
preceding the date of employment or application, or
the individual must have had continuing education
and experience since the required training and
experience was completed.

1-7. Acquisition, design, construction, and
installation

a. When procuring diagnostic, therapeutic, and
medical research x-ray systems, follow the policies
and procedures of AR 40-61 and Supply Bulletin
(SB) 8-75-Medical Care Support Equipment (MED-
CASE).

b. All new acquisitions of diagnostic x-ray sys-
tems for use on human beings will meet certifica-
tion requirements per FDA standards and 21 CFR,
chapter 1, subchapter J.

c. All new acquisitions of therapeutic x-ray sys-
tems will meet the requirements of chapter 8 of this
bulletin.

1-5




TB MED 521

d. All diagnostic, therapeutic, and medical
research x-ray equipment acquired will meet the
basic requirements for safe construction, perform-
ance, and mechanical integrity as identified by the
Underwriters’ Laboratories (UL), Inc. in UL Report
187; the National Fire Protection Association
(NFPA) as specified in NFPA Standards 70 and 99;
and by other appropriate Federal and consensus
standards. This should not be interpreted to mean
that an x-ray system must have a UL label or be UL
listed.

e. The design and installation of diagnostic, ther-
apeutic, and medical research x-ray equipment that
will be operated in an explosive atmosphere will
meet the requirements of the NFPA in the National
Fire Codes and UL safety standards for such use.

f. During the design and construction or modifica-
tion of x-ray facilities, consider the shielding
requirements in this bulletin and the recommenda-
tions in NCRP Report No. 49; TM 5-805-12;
Architectural and Engineering Instructions,
Medical Design Standards; Corps of Engineers
Guide Specification (CEGS)-13090; and Military
Handbook (MIL-HDBK) 1191 or equivalent host
nation standards.

1-8. Medical materiel complaints and
improvement recommendations

a. Submit a Standard Form (SF) 380 (Reporting
and Processing Medical Materiel Complaints/
Quality Improvement Report) (see AR 40-61), with
supporting documentation, through command chan-
nels when—

(1) A certified diagnostic x-ray system or spec-
ified component does not comply with the require-
ments of 21 CFR.

(2) A diagnostic, therapeutic, or medical
research x-ray system is defective or has malfunc-
tioned to the extent that it is unsatisfactory for use
or use of the equipment has caused or may cause
injury or death. Classify defective or unsatisfactory
medical materiel as a Type I, II, or III complaint.
(See AR 40-61.)

b. In the case of a Type I complaint, immediate
notification to DSCP is required.

c. Submit an SF 364 (Report of Discrepancy) (see
AR 40-61) for equipment received in a nonopera-
tional or unusable condition.

d. Submit an SF 368 (Product Quality Deficiency
Report), per DA Pamphlet (DA Pam) 738-750, to
identify and initiate corrective action on nonmedical
equipment or material that could be used in support
of a medical mission.

1-9. Food and Drug Administration recalls

a. The FDA issues recall notifications on noncom-
plaint x-ray systems. Such recalls will be published
in SB-8-75 series bulletins or by message from
USAMMA.

b. Supply accounts at the installation medical
support activity level will monitor and maintain a
record, either automated or manual, of quality con-
trol (QC) information to include FDA recalls.

1-10. Maintenance and calibration

Qualified medical equipment repair (MER) or con-
tract service personnel will perform maintenance
and calibration of diagnostic and therapeutic x-ray
systems and ancillary equipment according to pro-
cedures established by the manufacturer and this
bulletin.

1-11. Disposal of x-ray equipment

a. When x-ray equipment is determined to be
unserviceable, uneconomically repairable, or other-
wise unsuitable for the clinical care of human
patients, it will be condition coded H (AR 725-50
and DOD 4160.21-M) and marked CONDEMNED
— NOT FOR PATIENT CARE (AR 40-61) prior to
turn-in for disposal through Defense Reutilization
and Marketing Offices (DRMO).

b. The DRMO will ensure that no x-ray equip-
ment condition coded H is sold, transferred, or
donated for the clinical care of human patients.

¢ Donated certified or uncertified x-ray systems
will contain the caution statement from DOD
4160.21-M, chapter VI, paragraph 86.

1-12. Disposal of oil-filled, high-voltage gen-
erators (transformers)

a. Some high-voltage transformers may contain
insulating oil contaminated with polychlorinated
biphenyls, which is a U.S. Environmental
Protection Agency (EPA) listed carcinogen. Dispose
of these transformers per current Federal regula-
tions.

b. Information concerning the handling and dis-
posal of high-voltage generators, sampling of dielec-
tric oils, and submitting oil samples for analysis
may be requested from the Commander,
USACHPPM, ATTN: MCHB-TS-EHM, 5158
Blackhawk Road, Aberdeen Proving Ground, MD
21010-5403.
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CHAPTER 2
MEDICAL MAINTENANCE PROCEDURES

Section . MANUFACTURE, OVERHAUL, REPAIR, ASSEMBLY, AND REASSEMBLY OF DIAGNOSTIC
X-RAY COMPONENTS

2-1. Scope

This section provides procedures regarding the
manufacture, overhaul, repair, exchange, assembly,
and reassembly of specified components in diagnos-
tic x-ray systems.

2-2. Equipment types

Medical and dental x-ray systems are classified as—

a. Certified. Certified components of x-ray sys-
tems will be clearly labeled with the manufacturer’s
name, model, serial number, and date of manufac-
ture. Only components that influence the x-ray
radiograph require labeling.

b. Uncertified. Uncertified components of x-ray
systems (manufactured prior to 1 August 1974) do
not require labeling and are not required to meet
the same performance standards.

¢. Combination. Combination x-ray systems are
usually uncertified systems upgraded by the addi-
tion of certified components or systems that have
been modified for investigational or research pur-
poses. The upgraded components usually provide
additional functions not originally designed into the
equipment.

2-3. Component manufacturer’s procedures

a. As a manufacturer recognized by the FDA,
USAMMA—

(1) Identifies the model number and serial
number on tube housings and beam-limiting devices
by permanent legible markings in an area accessi-
ble to view.

(2) Affixes a label identifying the manufactur-
er, model number, and serial number of the x-ray
tube contained within the x-ray tube housing
assembly.

(3) Where certification is authorized for a sys-
tem comprised of two or more components, identi-
fies the product with a single inscription, tag, or
label.

(4) For x-ray tube housings designed to con-
tain quick-change x-ray tubes, provides the neces-
sary instructions for replacement and new labels to
replace those that were applicable to the old x-ray

tube.
(5) Provides the assembler with—

(@) Adequate instructions for assembly,
installation, adjustment, and testing of each compo-
nent affected by the performance standards in chap-
ter 4 of this bulletin.

(b) Performance specifications of the compo-
nent as part of the complete system, when manu-
facturer's instructions have been followed.

(c¢) Instructions including identification of
other components compatible with the component
provided, when compliance of the complete system
depends on compatibility.

(d) A schedule of maintenance. If the pro-
vided maintenance schedule or instructions per-
taining to certified components are not followed, the
manufacturer will not be held responsible for per-
formance discrepancies occurring in those specific
components.

(e) Other technical information, such as
voltage, current requirements, and line regulation.

(6) Scans completed x-ray tube housing assem-
blies for x-ray leakage radiation at manufacturer’s
specified leakage technique factors, and provides
the results of the scan to the customer.

(7) Provides reports to FDA as required by 21
CFR 1002.

b. Upon request, USAMMA’s MMOD—

(1) Determines inherent filtration, dimen-
sions, and location of the effective focal spot.

(2) Provides that information to the customer.

2-4. U.S. Army Medical Materiel Agency’s
Medical Maintenance Operations Division’s
procedures

USAMMA’s MMOD—

a. Performs maintenance on certified and uncerti-
fied x-ray tube housing assemblies for DA and
authorized non-DA customers.

b. Provides overhaul or manufacture services for
certified and uncertified x-ray tubes and x-ray tube
housings. Overhaul of uncertified x-ray tube hous-
ing assemblies constitutes a repair, not manufac-
ture; therefore, regulations regarding certification
do not apply.
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¢. Provides direct exchange of x-ray tube heads
when the defective item is—
(1) Certified and the exchange item is both
certified and compatible.
(2) Uncertified and the exchange item is also
uncertified and compatible.

2-5. Loan of x-ray components/temporary
installation

a. Loan of x-ray tube assemblies using Medical
Standby Equipment Program (MEDSTEP)
resources is allowed for DA and authorized non-DA
customers.

b. Customers submitting an x-ray tube as a
repairable exchange or as a repair and return item
will include all trim (fascia), fan housing, end caps,
data, and certification labels.

¢. Installation of a loaned MEDSTEP component
does not require the assembler to prepare Form
FDA 2579, since the original component will be
returned to the customer. However, the assembler
shall clearly label the loaned item as a temporarily
installed component and include the assembler’s
name and signature, company name and complete
mailing address, date of installation, and either of

the following statements:

“Temporarily installed component. This certi-
fied component has been assembled, installed,
adjusted, and tested by me according to the
instructions provided by the manufacturer.”

or

“Temporarily installed noncompatible compo-
nent. This certified component has been assem-
bled or installed. but could not be assembled,
installed, adjusted, and tested according to the
instructions provided by the manufacturer
because other already existing components of
the system do not meet the compatibility specifi-
cations of the manufacturer of the certified com-
ponent being installed, and there are no com-
mercially available certified components of a
similar type compatible with the system.”

d. An uncertified MEDSTEP component will not
be loaned to a customer when the defective compo-
nent is a certified component.

e. A certified MEDSTEP component will not be
loaned to a customer when the defective component
is an uncertified component.

Section Il. MAINTENANCE AND CALIBRATION/VERIFICATION PROGRAM FOR DIAGNOSTIC
X-RAY EQUIPMENT

2-6. Scope

This section provides procedures for the mainte-
nance and calibration of diagnostic x-ray systems.
Regular maintenance and calibration—

a. Ensures that the x-ray system performs per
chapter 4 of this bulletin.

b. Minimizes mechanical, electrical, or radiation
hazards associated with the use of high voltage, x-
ray generating equipment.

2-7. Maintenance requirements

The MER or contract maintenance provider will—

a. Perform repair and maintenance of x-ray sys-
tems and associated equipment.

b. Conduct technical inspections. Technical
inspections consist of visual determination and
mechanical/electrical evaluation of the x-ray system
for its application from initial acquisition to dispos-
al. These inspections will be done per TB MED 750-
1, TB MED 7, and the manufacturer’s technical lit-
erature.

¢. Calibrate or verify performance of in-use equip-
ment. Calibration or verification ensures that
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mechanical and electrical operation of the x-ray sys-
tem is not compromised by worn out or defective
components. The MER will use the manufacturer’s
procedures to calibrate or verify the performance of
in-use equipment at the manufacturer’s specified
intervals or annually, whichever is more frequent.

(1) Stored equipment. Perform calibration or
verification of stored x-ray equipment per TB MED
1.

(2) In-use TOE. Following initial setup of the
x-ray equipment in its field location, the MER
will—

(a) Determine the adequacy of the power
line.

(b) Perform adjustments to allow use of the
system.

(c) Perform calibration or verification of the
x-ray equipment, if necessary.

(d) Perform full calibration on the generator
or local electrical power at least annually.

d. Prepare documentation including DD Form
2163 (Medical Equipment Verification/Certific-
ation), DD Form 2164 (X-Ray Verification/Certific-
ation Worksheet), and DA Form 2407 (Maintenance
Request), or an automated maintenance record.




Those activities using the new automated non-inva-
sive TMDE may use the printout from such TMDE
in lieu of a DD Form 2164, if the printout contains
equivalent information.

2-8. Instrumentation calibration

The MER will perform calibration and verification
of x-ray systems with instrumentation or TMDE
that is calibrated per AR 750-43, TB 750-25, and TB
43-180.

2-9. Accessory components

There are three types of accessory components that
may be encountered with diagnostic X-ray systems.
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a. An accessory component, such as a cradle or
film changer, that is not necessary for compliance
with this bulletin. However, this type of accessory
component shall be determined compatible with the
X-ray system prior to initial use.

b. An accessory component, such as one of a set of
interchangeable beam-limiting devices, that is nec-
essary for compliance with this bulletin. These
components may be interchanged with similar com-
patible components without affecting the x-ray sys-
tem’s compliance.

c. Accessory components, such as a table top cas-
sette holder, that do not require compatibility or
installation instructions because they are compati-
ble with all x-ray systems.
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CHAPTER 3
RADIATION PROTECTION/USER STANDARDS

Section I. INTRODUCTION

3-1. Scope

This chapter provides standards for the radiation
protection of patients, occupationally exposed indi-
viduals, and the public.

3-2. General concepts

a. The goal of medical, dental, or veterinary use of
ionizing radiation is to obtain the highest quality
diagnostic information or produce the desired ther-
apeutic effect with an acceptable exposure to the
patient and a minimum exposure to the staff and
the public.

(1) To achieve this goal the personnel involved

must have a working knowledge of many technical
and clinical principles and understand their relative
importance. Correctly applying these principles can
greatly reduce the exposure to all individuals

involved.
(2) Rules and regulations alone cannot control

radiation exposure. However, following the provi-
sions of this bulletin will control unproductive and
unnecessary radiation exposure and assure reason-
able protection of patients, occupationally exposed
individuals, and the public.

b. Only qualified physicians, dentists, or veteri-
narians will determine the need for a radiologic
examination or treatment, the procedures to be
used, and the frequency of their repetition.

Section Il. GENERAL STANDARDS FOR THE USE OF IONIZING RADIATION

3-3. Access to x-ray equipment

Only authorized persons will operate x-ray equip-
ment. To prevent unauthorized use, each facility
will establish written procedures for controlling
access to x-ray suites and control panels. These
procedures will include removing enabling keys
from mobile x-ray systems, unless the system must
be immediately available, such as “stat” or operat-
ing room systems. In this case, other means of pre-
venting unauthorized use of the systems should be
used.

3-4. General practices

a. Limit the primary beam to the smallest area
that is practicable and consistent with the clinical
goals of the examination or treatment.

b. Take particular care to accurately align the pri-
mary beam with the patient and image receptor.
This is especially important in dental radiography.

c. Use the largest tube potential (kVp), filtration,
and source-to-skin distance (SSD) practicable, con-
sistent with the clinical goals of the examination.
The SSD should be at least 38 centimeters (cm) and
shall be at least 30 cm, except for specific surgical
applications (such as image intensified C-arm fluo-
roscopic systems) where the SSD will not be less

than 20 cm. Use low dose techniques whenever pos-

sible.
d. Take special precautions, consistent with clini-

cal goals, to minimize exposure to the embryo-fetus
of patients that are pregnant or suspected of being
pregnant.

e. Each department or service should develop a
written policy on the use of gonadal shielding.
When developing these policies, physicians should
consider using specific area gonad shielding on all
patients with reasonable reproductive potential. If
specific area gonad shielding will not compromise
the clinical objectives of the examination, use it in
the following situations:

(1) If the gonads lie within the primary beam
or within 5 cm of the edge of the primary beam.

(2) Examinations of male patients, such as—

(@) Projections of the pelvis, hip, and upper
femur in which the testes are usually in the primary
beam.

(b) Projections of the abdomen, lumbar
spine, and lumbo-sacral (LS) spine; intravenous
pyelograms; and abdominal scout film for barium
enemas and upper gastrointestinal (GI) series.

(3) Examinations of female patients in which
the uterus or ovaries are usually in the primary
beam. Although the use of specific area ovarian
shielding is often impractical due to the difficulty in
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estimating the exact location of the ovaries, it may
be possible in selected views of some examinations.

(4) Specific area gonad shielding will provide
attenuation of radiation at least equivalent to that
afforded by 0.25 millimeter (mm) of lead.

(5) Both flat contact shielding and shadow
shielding are unsuitable for gonad protection during
fluoroscopic procedures.

. Shield the lens of the eyes when they are likely
to be exposed to the primary beam, provided such
shielding does not compromise useful or required
information or proper treatment. Specific lens of
the eye shielding will provide attenuation of radia-
tion at least equivalent to that afforded by 2 mm of
lead.

g. Use x-ray films, intensifying screens, and other
image receptors that are as sensitive as is consis-
tent with the clinical goals of the examination. The
light emission spectrum from the screen will match
the spectral sensitivity of the film.

h. X-ray film should not be used beyond the indi-
cated expiration date unless the film manufacturer
states that the film may be used longer.

i. Unprocessed film will be adequately shielded.

J. Allow only necessary personnel in the radi-
ographic room during an exposure. All such persons
will wear a protective apron of at least 0.5 mm lead
equivalence or will stand behind a protective barri-
er having at least the same lead equivalence.

k. When the x-ray system is on, there will be no
more than one patient in the x-ray room, even if the
room contains two or more x-ray systems. An excep-
tion to this is granted for rooms containing two ded-
icated mammography units with a privacy parti-
tion.

I. During an x-ray exposure, the operator will
close all doors to the x-ray room and will stand
behind the protective barrier. However, the RPO
may approve exceptions in cases where the doors
are designed to be left open or must be left open due
to workflow requirements (for example, cardiac
catheterization).

m. Physicians should consider using a posterior-
anterior (PA) projection for examination of the tho-
racic spine of female patients with an increased
source-to-image distance (SID) to reduce the dose to
the breasts.

n. When a patient must be held in position for
radiography or fluoroscopy, use mechanical support-
ing or restraining devices if possible. The use of
these restraints will be reviewed by the MTF’s
authorities on patient restraint. If an individual
must hold the patient, the individual will—

(1) Wear appropriate shielding devices, such
as a protective apron and gloves having at least 0.5
mm and 0.25 mm lead equivalence, respectively, or

3-2

will stand behind a protective barrier having at

least the same lead equivalence.
(2) Be in a position that protects any body part

from exposure to the primary beam.

o. No individual, especially those occupationally
exposed to ionizing radiation, will hold patients on
a regular basis. A family member of the patient or
another attendant should be asked to hold the
patient, if possible.

p. Do not use fluoroscopy as a substitute for radi-
ography. Reserve fluoroscopy for the study of
dynamic or spatial relationships and guidance in
spot-film recording of critical details.

q. Do not expose an individual to the primary
beam exclusively for training or demonstration pur-
poses.

r. Implement a quality assurance program (QAP)
for the x-ray systems and film processors per this
bulletin.

3-5. Mobile and portable radiographic x-ray
systems (except dental)

a. In addition to the requirements of paragraphs
3-3 and 3—4, users of mobile general purpose x-ray
systems will—

(1) Use mobile and portable x-ray systems
only for examinations when it is impractical to
transfer patients to a fixed radiographic system.

(2) Use the maximum tube potential, filtra-
tion, and SSD consistent with the conditions of the
radiographic examinations.

(3) Stand as far as practical (at least 2 meters
(m)) from the patient, the x-ray tube, and the pri-
mary beam.

(4) Wear a protective apron of at least 0.5 mm
lead equivalence, or stand behind a protective bar-
rier having at least the same lead equivalence.

(5) Allow only necessary personnel to be in the
vicinity of the x-ray system during the exposure.

b. The responsible medical supervisor will—

(1) Ensure operators understand the proper
use and limitations of mobile equipment to avoid
needless exposure to the patient or other persons in
the vicinity.

(2) Make provisions to safeguard the enabling
key for mobile x-ray systems. Leave the key in the
system only if necessary during recharging or for a
quick response system (see para 3-3).

3-6. Fluoroscopic x-ray system

a. In addition to the requirements of paragraphs
3-3 and 3-4, the fluoroscopist will—

(1) If using nonimage-intensified fluoroscopic

systems, sufficiently dark-adapt his or her eyes and



eliminate any extraneous light that interferes with
the fluoroscopic examination prior to starting the
examination. The fluoroscopist will not, under any
circumstance, increase the exposure factors or pro-
long the fluoroscopic examination to compensate for
inadequate dark-adaptation.
(2) Use the smallest field sizes and shortest
exposure times practical.
(3) Take special precautions, consistent with
clinical needs, to minimize the exposure of—
(a) The gonads of patients with reasonable
reproductive potential.
(b) The embryo-fetus of patients that are
pregnant or suspected of being pregnant.

b. To minimize scattered radiation and to protect
the hands of the fluoroscopist while inserting
catheters, the fluoroscopic x-ray system should have
a protective skirt (drape), with a lead equivalent
thickness of at least 0.25 mm, hanging from the
image receptor.

c. Each person in the fluoroscopy room (except the
patient) will wear protective aprons of at least 0.5
mm lead equivalence.

d. If the fluoroscopic procedure involves putting
the hand in the primary beam, the fluoroscopist
should wear a protective glove of at least 0.25 mm
lead equivalence. A wrist or ring dosimeter should
be worn under the glove.

e. In x-ray systems with automatic brightness
control, the peak tube potential (kVp) and tube cur-
rent (mA) may rise to high values without knowl-
edge of the operator, particularly if the gain of the
intensifier diminishes. The fluoroscopist should be
able to monitor the peak tube potential (kVp) and
tube current (mA) from his or her operating posi-
tion. Systems may have meters located at the fluo-
roscopist’s operating position to assist in this moni-
toring.

f. Physicians properly trained and credentialed in
fluoroscopic procedures will either perform or super-
vise the performance of medical fluoroscopy proce-
dures.

g. Fluoroscopic x-ray systems used for medical
procedures will have image intensifiers. If nonradi-
ology specialists use the system, it will have image
intensifiers with electronic image-holding capabili-
ties.

h. Physicians properly trained in digital subtrac-
tion procedures will either perform or supervise the
performance of digital subtraction procedures.

i. The fluoroscopist will take special care to limit
patient exposure in serial fluorography and cineflu-
orography where the tube current (mA) and tube
potential (kVp) may be higher than used in stan-
dard fluoroscopy.

J. If camulative patient exposure is measured, the
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results should be recorded in the patient treatment
record.

3-7. Mammographic x-ray systems

a. In addition to the requirements of paragraphs
3-3 and 3-4, users of mammographic x-ray systems
will—

(1) Know the technical characteristics of the x-
ray systems used. For mammography, these char-
acteristics include target material, window type, fil-
tration, grid, image receptor, and generator.

(2) Use stiff compression parallel to the film
surface for screen-film mammography.

b. FDA certification requires a dedicated x-ray
system, dose measurements, and special attention
to be paid to the film processor QC procedures.

3-8. Dental x-ray systems

a. In addition to the requirements of paragraphs
3-3 and 3—4, users of dental x-ray systems will—

(1) Perform intraoral image receptor radiogra-
phy using dental film that meets the requirements
of American National Standards Institute (ANSI)
speed group rating “D” or faster.

(2) Use open-ended, shielded, position-indicat-
ing devices (PID) with the paralleling technique to
restrict the primary beam to as near the size of the
image receptor as possible when performing routine
intraoral radiography.

(3) Keep the exposure of the patient to a mini-
mum, consistent with clinical requirements, by
using a peak tube potential of at least—

(a) 65 kVp for routine dental radiography.

(b) 50 kVp for endodontic radiography.

fc) 70 kVp for both bitewing and periapical
dental projections to reduce the entrance skin expo-
sure (ESE), if the resulting image quality provides
the required diagnostic information.

(4) Ensure that only the patient is in the pri-
mary beam. The operator will not hold the film dur-
ing an exposure.

(5) Not handle the tube housing or the PID
during exposures.

b. A protective lead apron and a thyroid collar
may be used on patients, unless the apron or collar
interferes with the diagnostic image. This shielding
is not a substitute for adequate beam collimation
and alignment.

3-9. Cardiac x-ray systems

a. Physicians properly trained in cardiac fluoro-
scopic procedures will either perform or supervise
the performance of cardiac fluoroscopy.

b. In addition to the requirements of paragraphs
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3-3, 3—4, and 3-6, the users of cardiac x-ray sys-
tems should—

(1) Step back from the table and behind
portable shields during cinefluorographic and serial
radiographic procedures when possible.

(2) Keep the number of films per second and
the duration of the procedure to a minimum consis-
tent with the diagnostic objectives of the examina-
tion during serial radiographic procedures.

c. During diagnostic procedures, the physician
should—

(1) Monitor the entrance exposure rate (EER)
to the patient.

(2) Ensure that the EER is as low as reason-
ably achievable (ALARA) yet consistent with the
diagnostic needs of the examination.

3-10. Veterinary x-ray systems

In addition to the requirements of paragraph 3-3,
the user of veterinary x-ray systems will—

a. Limit the primary beam to the smallest area
that is practical and consistent with the clinical
goals of the examination or treatment.

b. Use the lowest practical exposure technique
factors (time and mA) to minimize the radiation
output. The kVp should be consistent with the con-
trast requirements of the examination.

¢. To minimize scatter radiation and to protect the
hands of the fluoroscopist while inserting catheters,
provide fluoroscopic x-ray systems with a protective

skirt (drape) with a lead equivalent thickness of at
least 0.25 mm.

d. Use mechanical devices to hold/position film
cassettes for large animals.

e. When performing radiographic procedures on
animals, use—

(1) Sandbags, V-troughs, slings or other appro-
priate ancillary devices to help in positioning the
animal.

(2) General anesthesia, sedatives, or tranquil-
izers to sedate the animal.

f. Minimize human exposure to radiography or
fluoroscopy by ensuring that—

(1) No individual, especially those occupation-
ally exposed to ionizing radiation, holds animals on
a regular basis. Ask the animal handler or another
attendant to hold the animal.

(2) Anyone holding animals wears a protective
apron and gloves having a lead equivalent thickness
of at least 0.5 mm and 0.25 mm, respectively.

g. Ensure that all doors to the x-ray room are
closed when the x-ray systems are in operation.

h. Take special precautions when using portable
x-ray systems to ensure that exposure to attending
personnel is minimized.

i. Maintain a log or equivalent record on the use
of the x-ray systems. Include the date of exposure,
kVp, mA, exposure time, operator’s name, identifi-
cation of the animal, and the name of any person
used to hold the animal during the radiographic
procedure.

Section llI. THE EFFECT OF RADIOGRAPHIC TECHNIQUE FACTORS ON PATIENT DOSE AND
IMAGE QUALITY

3-11. Exposure measurements and image
quality

Understanding radiographic technique factors is
important because of their effects on patient dose
and image quality. The various effects of each radi-
ographic technique factor (or combination thereof)
are explained in paragraph 3-12.

3-12. Radiographic technique factors

a. General to all types of radiographic units.

(1) Tube potential (KVp). The kVp settings
affect the quality (mean energy) of the primary
beam, exposure of the patient, and darkness of the
film image. Higher kVp settings will result in lower
image contrast, increased scatter radiation (which
will lead to reduced resolution), and darker films.
An increase in kVp must be accompanied by a
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decrease in mAs for film darkness to remain rela-
tively constant.

(2) Tube current (mA). The mA settings should
give a linear response (for example, doubling the
mA setting should produce twice the radiation expo-
sure). Anonlinear response will lead to varying film
darkness and an increase in retake rate. Increasing
mA settings increases the overall number of x-rays
produced, so a higher mA will produce darker radi-
ographs and increase the patient’s radiation dose
pbut will have no influence on subject contrast.
Therefore, increasing the mA setting requires a
decrease in exposure time for the film darkness to
remain the same. The product of tube current and
exposure time (mAs) is the single factor that con-
trols the quality of the exposure if the kVp setting
remains fixed.

(8) Radiation output. Output (milliroentgens
(mR)/mAs) is important in determining whether the




system is within normal average ranges. Machines
operating above normal average ranges unnecessar-
ily expose the patient, physician, and members of
the general public.

(4) Exposure reproducibility. For the same
technique settings, consecutive exposures should
yield identical amounts of radiation and identical
film densities. If a system in not reproducible, the
image quality and the patient’s radiation dose will
vary.

(5) Exposure time accuracy. Exposure time
should be as short as necessary to reduce the
patient’s radiation dose and to minimize image blur
caused by motion. Density of the x-ray image varies
directly with exposure time (for the same mA set-
ting), and unreliable exposure timers cause fluctua-
tions in density from one image to the next. This
may interfere with the diagnostic information and
increase the number of repeated examinations,
which increases the patient’s radiation dose.

(6) Phototimer performance. Phototimers help
reduce the patient’s radiation dose by terminating
the primary beam when the optimal amount of radi-
ation has reached the film. Phototimers must func-
tion properly for optimal imaging of the body part
involved and for consistent image quality. The
backup timer must function to prevent accidental
overexposure of the patient. If the minimum expo-
sure time is too long, it is difficult to fully use faster
film screen combinations that are designed to
reduce patient exposure.

(7) Light field indication and primary beam
alignment. Most x-ray units provide means to align
the primary beam with the patient and to confine
the beam to the region of interest. Misalignment
introduces distortion into the image and may cause
deletion of essential information for diagnosis of the
patient’s condition. Extension of the primary beam
beyond the anatomical region of interest increases
the patient’s radiation exposure and degrades
image quality by introducing excessive scatter into
the image. Proper alignment will lessen repeat
examinations.

(8) Beam quality. The half-value layer (HVL)
is a measure of beam quality (effective beam ener-
gy) and has a major influence on both image con-
trast and patient entrance exposure. Sufficient fil-
tration should be present to remove low energy pho-
tons from the primary beam. If not removed, these
photons increase patient dose without contributing
to the diagnostic image. However, if HVL is too
high, soft tissue contrast will be limited. A decrease
in soft tissue contrast due to a large HVL will give
the same effect as an increase in kVp, because a
large HVL will attenuate more of the lower energy
x-rays causing the average energy of the beam
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reaching the patient to increase.

(9) Focal spot size. The x-ray focal spot is the
region of the x-ray target where x-rays appear to
originate. The sharpness of the image is dependent
on the size of the x-ray tube focal spot. The larger
the focal spot, the lower the resolution. A smaller
focal spot gives better resolution, but it requires the
use of a lower mA setting that results in a longer
exposure time. This increase in exposure time may
cause patient motion to be a problem.

(10) SSD. The patient’s radiation dose is
strongly dependent on the distance from the x-ray
tube to the point that the primary beam enters the
patient. The smaller the SSD, the higher the
patient dose.

b. Fluoroscopic/Image intensified units.

(1) Tabletop exposure rate. The radiation dose
to a patient undergoing fluoroscopy is strongly
dependent on the distance from the x-ray tube to
the table supporting the patient. The radiation
dose increases with reduced tube-to-tabletop dis-
tance. Knowing the tabletop exposure rate is nec-
essary to ensure that—

(@) The patient is not being excessively
exposed.

(b) The rate is sufficient to produce an ade-
quate image.

(2) Fluoroscopic beam restriction system. A
radiation beam that extends beyond the image
receptor results in excessive scattered radiation
reaching the image and increased radiation expo-
sure to the patient, the physician, and the attending
personnel. When operated in the fluoroscopic imag-
ing mode, the beam restriction system should auto-
matically limit the size of the radiation field to the
size of the visual field of the image intensifier.

(3) Image intensification system. Performance
of the image intensifier and the associated X-ray
control system determines the quality of images for
fluoroscopy, photospot filming, cinefluorography,
and digital subtraction angiography.

(4) Automatic brightness control. In fluo-
roscopy, the automatic brightness control maintains
an image of constant brightness on the viewing
monitor.

(5) Resolution and distortion.

(@) Components in the imaging chain can
affect resolution. These components include the
focal spot, imaging geometry, the quality and focus
of the optical system, image intensifier, video cam-
era, television monitor, and screen-film contact.

(b) The image-intensifier tube, optics, video
camera and circuitry, and the television monitor can
cause distortion or stretching of the image.

(6) Image lag. Lag is the smearing or comet
tailing of an image as the camera or fluoroscopic
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tower is moved rapidly past a bright light or an area
with high radiation level. Increased lag will
degrade the quality of the fluoroscopic image.

(7) Flare. Flare (that is, additional scattered
or reflected light within the imaging system)
reduces contrast. Glass surfaces in the imaging
chain or any surface in the intensifier, lens, or video
camera that has not been painted with flat black
paint can reflect light. ‘

¢. Computed tomography (CT).

(1) Mechanical function effects.

(a) Couch incrementing. Couch increment-
ing determines the distance between the slices.
Errors may cause scan overlaps or gaps between
scans on the image. Scan overlaps result in
increased patient dose due to multiple irradiations
of the same area. Gaps between scans could result
in loss of diagnostic information and increase
patient dose due to repeated examinations.

(b) Laser alignment. Misalignment of this
parameter will cause the slice to be off the intended
area. This may require additional slices and addi-
tional exposure to the patient.

(2) Dose measurement effects.

(@) Radiation profile. Radiation profile is
the thickness of the radiation beam at the point
where it enters the patient. Determining the radia-
tion profile ensures that the beam width to which

the patient is exposed is not significantly greater
than the width that the detectors view.

(b) Computed tomography dose index
(CTDI). CTDI is a measure of patient dose under
specified scan conditions. This must be document-
ed and compared to other units.

(3) Image quality effects.

(a) Noise. Noise effects the image contrast.
Increased noise results in decreased low contrast
resolution.

(b) Spatial uniformity. CT numbers across a
uniform object should be the same for the system to
accurately represent the patient information.

(c) Slice thickness/sensitivity  profile.
Sensitivity profile is the actual width of the imaged
slice.

(d) Low contrast resolution versus surface
dose. Generally, the higher the surface dose, the
better the low contrast. However, the operator
should strive to minimize the dose while maximiz-
ing the image contrast. There is a trade-off with low
contrast and surface dose that the operator should
evaluate on a case-by-case basis.

(e) High contrast resolution. High contrast
resolution is the ability of the scanner to resolve
small objects. This should be measured to ensure
that it is capable of detecting objects of clinical
interest.
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CHAPTER 4

DESIGN REQUIREMENTS AND PERFORMANCE STANDARDS FOR X-RAY SYSTEMS
AND FACILITIES

Section |. DIAGNOSTIC X-RAY SYSTEMS

4-1. Scope

a. This chapter provides design requirements and
performance standards for diagnostic x-ray systems
under DA jurisdiction. The standards in this chap-
ter ensure compliance with 21 CFR, chapter 1, sub-
chapter J. If the standards of 21 CFR are revised to
be more restrictive, they will take precedence over
the standards in this bulletin.

b. Diagnostic x-ray systems and components that
are subject to the requirements of 21 CFR will com-
ply with the standards in this chapter. All other x-
ray systems and components should be calibrated to
comply with these standards to the extent possible
(see para 4-10).

4-2. General standards

The manufacturer will—

a. Affix a permanent label or tag on all new x-ray
systems and components indicating that the system
or component conforms to the requirements of 21
CFR, chapter 1, subchapter J.

b. Ensure that the following warning statement is
displayed on the control panel containing the main
power switch and is legible and accessible to view.

WARNING: This x-ray unit may be dangerous
to patient and operator unless safe exposure

factors and operating instructions are observed.

¢. Permanently mark the cathode and anode
receptacles of the x-ray tube and the location of the
apparent focal spot.

d. Construct diagnostic source assemblies so that
leakage radiation exposure at a distance of 1 m in
any direction from the source will not exceed 100
mR (2.58 x 10 coulombs/kilogram (C/kg)) in 1 hour
when the x-ray tube is operated at the leakage tech-
nique factors. If the tube housing assembly’s maxi-
mum rated peak tube potential is greater than the
diagnostic source assembly’s maximum rated peak
tube potential, provide positive means to limit the
maximum x-ray tube potential to that of the diag-
nostic source assembly.

e. Construct components other than the diagnos-

tic source assembly so that the radiation exposure
will not exceed 2 mR (5.16 x 107 C/kg) in 1 hour at
5 cm from any accessible surface of the component
when it is operated in an assembled x-ray system
under any conditions for which it was designed.

f- Ensure that the HVL of the primary beam for a
given x-ray tube potential is not less than the
appropriate value shown in table 4-1, located at the
end of this chapter.

(1) If it is necessary to determine the HVL at an
x-ray tube potential that is not listed in the table,
linear interpolation or extrapolation may be used.

(2) Provide positive means to ensure that at
least the minimum filtration needed to achieve the
above beam quality requirements is in the primary
beam during each exposure. In the case of a system
that is to be operated with more than one thickness
of filtration, this requirement can be met by using a
filter interlock with the tube potential selector to
prevent x-ray emission if the minimum required fil-
tration is not in place.

g. BExcept when used in a CT system, the alu-
minum equivalent of each of the items listed in
table 4-2 (located at the end of this chapter), which
are used between the patient and image receptor,
may not exceed the indicated limits. Determine
compliance by x-ray measurements made at a
potential of 100 kVp and with a primary beam that
has an HVL of 2.7 mm of aluminum. This require-
ment applies to front panel(s) of cassette holders
and film changers provided by the manufacturer for
patient support or for prevention of foreign object
intrusions. It does not apply to screens and their
associated mechanical support panels or to grids.

4-3. Radiographic systems

The provisions of this paragraph apply to all x-ray
systems and components for the recording of
images, including general purpose, mammographic,
tomographic, spot-film, and dental systems.
However, systems using imaging intensifiers and
CT systems manufactured after 28 November 1984
are not subject to these provisions.

a. The technique factors to be used during an
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exposure will be indicated before an exposure
begins. If an automatic exposure control (AEC) is
used, the technique factors that are set prior to the
exposure will be indicated. For equipment with
fixed technique factors, this requirement may be
met by permanent markings. The indicated tech-
nique factors will be visible from the operator’s
location, except in the case of spot films made by a
fluoroscopist.

b. Provide means to terminate the exposure after
a preset time interval, a preset product of current
and time, a preset number of pulses, or a preset
radiation exposure to the image receptor. Except
during serial radiography, the operator will be able
to terminate the exposure at any time during an
exposure of greater than 1/2 second. Termination of
exposure will cause the timer to automatically reset
to its initial setting or to zero. It will not be possi-
ble to make an exposure when the timer is set to
zero or an off position, if either position is provided.
During serial radiography, the operator will be able
to terminate the exposures at any time, but the x-
ray system may have a means to permit completion
of any single exposure in the series.

¢. For x-ray systems with AEC, indication will be
made on the control panel when this mode of opera-
tion is selected. The following requirements will
also be met:

(1) When the peak tube potential is 51 kVp or
greater, the minimum exposure time for—

(o) Field emission equipment rated for pulsed
operation will be less than or equal to the time
interval equivalent to two pulses.

(b) All other equipment will be less than or
equal to 1/60 second or the time interval required to
deliver 5 mAs, whichever is greater.

(2) Either limit the product of peak tube poten-
tial, tube current, and exposure time to not more
than 60 kilowatt-seconds per exposure ‘or limit the
product of tube current and exposure time to not
more than 600 mAs per exposure. If the x-ray tube
potential is less than 51 kVp, limit the product of x-
ray tube current and exposure time to not more
than 2,000 mAs per exposure.

(8) A visible signal will indicate when an expo-
sure has been terminated at the limits described in
(2) above. The operator will have to manually reset
the AEC before further automatically timed expo-
sures can be made. _

d. The deviation of the tube potential, tube cur-
rent, and exposure time from the indicated values
will be within the tolerances given in the manufac-
turer’s specifications. If the manufacturer’s specifi-
cations are not available, the measured technique
factors should not deviate from the indicated values
by more than 3 percent and will not deviate from

4-2

the indicated value by more than 5 percent.

e. When the equipment is operated on an ade-
quate power supply per the manufacturer’s specifi-
cations, the estimated coefficient of variation of
radiation exposures will be no greater than 0.05 for
any combination of selected technique factors. That
is—

5 (x,. )|

= 1
C_X— n-1

i=1

where: X ;= the ith exposure measurement
X =the average of the exposure measure-
ments

n = the number of measurements taken

f. When the equipment is operated on an ade-
quate power supply per the manufacturer’s specifi-
cations and at any fixed tube potential within the
range of 40 percent to 100 percent of the maximum,
the following requirements will be met.

(1) If the equipment has independent selec-
tion of x-ray tube current (mA) and exposure time(s),
the average radiation output (mR/mAs) at any two
consecutive tube current settings will not differ by
more than 0.10 times their sum. That is—

X,-X,|=010(x, + x,)

where: X, and X , = the average radiation output
values obtained at each of two consecutive
tube current settings or at two settings dif-
fering by no more than a factor of 2 if the
tube current selection is continuous.

(2) If the equipment has selection of tube
current-exposure time product (mAs) only, the aver-
age radiation output (mR/mAs) at any two consecu-
tive mAs selector settings will not differ by more
than 0.10 times their sum. That is—

X, -X%X,|=010(x, + x,)

where: X, and X, = the average radiation output
values obtained at each of two consecutive
mAs selector settings or at two settings



differing by no more than a factor of 2
where the mAs selector provides continuous
selection.

g. Unless spot-film devices are in service, gener-
al purpose x-ray systems (stationary, mobile, and
portable) will have—

(1) A means for stepless adjustment of the size
of the x-ray field. Each dimension of the minimum
field size at an SID of 100 cm will be equal to or less
than 5 cm.

(2) A means for visually defining the perimeter
of the x-ray field.

(a) The total misalignment of the edges of the
visually defined x-ray field with respective edges of
the actual x-ray field along either the length or
width of the visually defined field will not exceed 2
percent of the distance from the source to the center
of the visually defined field when the surface upon
which it appears is perpendicular to the axis of the
primary beam.

() When a light localizer is used to define
the x-ray field, it will provide an average illumi-
nance of not less than 15 foot-candles (160 lux) at
100 cm or at the maximum SID, whichever is less.
The average illuminance will be based upon meas-
urements made in the approximate center of each
quadrant of the light field. Radiation therapy sim-
ulation systems are exempt from this requirement.

(c) The edge of the light field at 100 cm or at
the maximum SID, whichever is less, will have—

1. A contrast ratio (CR), corrected for ambi-
ent lighting, of not less than 4 in the case of beam-
limiting devices designed for use on stationary
equipment.

2. A CR of not less than 3 in the case of
beam-limiting devices designed for use on mobile

and portable equipment.
(d) The CR is defined as—

CR=1,/1,

where: I, =the illuminance 3 mm from the edge
of the light field toward the center of
the field.

I, = the illuminance 3 mm from the edge
of the light field away from the center
of the field.

(e) Determine compliance with a measuring
aperture of 1 mm.

k. Unless spot-film devices are in service, station-
ary general purpose x-ray systems will meet the fol-
lowing requirements, in addition to those of g
above.

(1) Means will be provided to—
(a) Indicate when the axis of the primary
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beam is perpendicular to the plane of the image
receptor.

(6) Align the center of the x-ray field with
respect to the center of the image receptor to with-
in 2 percent of the SID.

(c) Indicate the SID to within 2 percent.

(2) The beam-limiting device will numerically
indicate the field size in the plane of the image
receptor to which it is adjusted.

(3) Field sizes and SIDs will be specified in
inches, centimeters, or both. Aperture adjustments
will result in x-ray field dimensions in the plane of
the image receptor which correspond to those indi-
cated by the beam-limiting device to within 2 per-
cent of the SID when the beam axis is indicated to
be perpendicular to the plane of the image receptor.

.. Radiographic systems designed only for mam-
mography will be provided with means to limit the
primary beam such that the x-ray field at the plane
of the image receptor does not extend beyond any
edge of the image receptor at any designated SID
except the edge of the image receptor designed to be
adjacent to the chest wall where the x-ray field may
not extend beyond the edge by more than 2 percent
of the SID. This requirement can be met with a sys-
tem that performs as prescribed in [ below.

(1) When the beam-limiting device and image
receptor support device are designed to be used to
immobilize the breast during a mammographic pro-
cedure and the SID may vary, the SID indication
specified in [ (2) and [ (3) below will be the maxi-
mum SID for which the beam-limiting device or
aperture is designed.

(2) Each image receptor support intended for
installation on a system designed only for mam-
mography will have clear and permanent markings
to indicate the maximum image receptor size for
which it is designed.

j. Radiographic systems designed for only one
image receptor size at a fixed SID will have either
of the following—

(1) A means to—

{a) Limit the x-ray field at the plane of the
image receptor to dimensions no greater than those
of the image receptor.

(b) Align the center of the x-ray field with
the center of the image receptor to within 2 percent
of the SID.

(2) A means to both size and align the x-ray
field such that the x-ray field at the plane of the
image receptor does not extend beyond any edge of
the image receptor.

k. Radiographic systems not specifically covered
in g, h, i, and j above or m below and systems cov-
ered in n below, which are also designed for use
with extraoral image receptors, and when used with
an extraoral image receptor, will have—
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(1) Ameans to limit the x-ray field in the plane
of the image receptor so that the field does not
exceed each dimension of the image receptor by
more than 2 percent of the SID, when the axis of the
primary beam to perpendicular to the plane of the
image receptor and a means to align the center of
the x-ray field with the center of the image receptor
to within 2 percent of the SID.

(2) A means to both size and align the x-ray
field such that the field at the plane of the image
receptor does not extend beyond any edge of the
image receptor.

I. The requirements of j above and m below may
be met with either—

(1) A system that performs per g and & above.

(2) An assortment of removable, fixed-aper-
ture, beam-limiting devices sufficient to meet the
requirement for each combination of image receptor
size and SID for which the unit is designed if align-
ment means are also provided and each such device
has a clear and permanent marking to indicate the
image receptor size and SID for which it is
designed.

(3) A beam-limiting device having multiple
fixed apertures sufficient to meet the requirement
for each combination of image receptor size and SID
for which the unit is designed if permanent, clearly
legible markings indicate the image receptor size
and SID for which each aperture is designed and
the aperture that is in position for use.

m. For spot-film devices other than those pro-
vided for use with a radiation therapy simulation
system—

(1) The spot-film devices will have a means
between the source and the patient for adjustment
of the x-ray field size in the plane of the image
receptor to the size of that portion of the image
receptor that has been selected on the spot-film
selector. The x-ray field size will adjust automati-
cally when the x-ray field size in the plane of the
image receptor is greater than the selected portion
of the image receptor. If the x-ray field size is less
than the size of the selected portion of the image
receptor, the field size will not open automatically
to the size of the selected portion of the image recep-
tor unless the operator has selected that mode of
operation.

(2) Neither the length nor the width of the x-
ray field in the plane of the image receptor will dif-
fer from the corresponding dimensions of the
selected portion of the image receptor by more than
3 percent of the SID when adjusted for full coverage
of the selected portion of the image receptor. The
sum, without regard to sign, of the length and
width differences will not exceed 4 percent of the
SID. If the angle between the plane of the image
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receptor and beam axis is variable, spot-film
devices manufactured after 25 February 1978 will
have a means to indicate when the axis of the pri-
mary beam is perpendicular to the plane of the
image receptor. Compliance will be determined
with the beam axis indicated to be perpendicular to
the plane of the image receptor.

(3) The center of the x-ray field in the plane of
the image receptor will be aligned with the center of
the selected portion of the image receptor to within
2 percent of the SID.

(4) The spot-film devices will have a means to

- reduce the x-ray field size in the plane of the image

receptor to a size smaller than the selected portion
of the image receptor, such that—

(a) When used on fluoroscopic systems with a
fixed SID, which are not required to and do not pro-
vide stepless adjustment of the x-ray field, the min-
imum field size does not exceed 125 square cen-
timeters (cm?).

(b) When used on fluoroscopic systems with a
variable SID or stepless adjustment of the field size,
the minimum field size, at the greatest SID, will be
containable in a square of 5 cm by 5 cm.

(5) A capability may be provided for overriding
the automatic x-ray field size adjustment in case of
system failure. If it is provided, a signal visible at
the fluoroscopist’s position will indicate whenever
the automatic x-ray field size adjustment override
is engaged. Each such system failure override
switch will be clearly labeled as follows:

For X-ray Field Limitation System Failure

n. Radiographic equipment designed for use with
an intraoral image receptor shall have the means to
limit the primary beam, such that—

(1) If the minimum SSD is 18 cm or more, the
x-ray field at the minimum SSD will be containable
in a circle having a diameter of no more than 7 cm.

(2) Ifthe minimum SSD is less than 18 cm, the
x-ray field at the minimum SSD will be containable
in a circle having a diameter of no more than 6 cm.

o. A positive beam limitation (PBL) system, when
provided, will—

(1) Prevent x-ray production when—

(a) Either the length or width of the x-ray
field in the plane of the image receptor differs from
the corresponding image receptor dimension by
more than 3 percent of the SID or the sum of the
length and width differences, without regard to
sign, exceeds 4 percent of the SID.

(b) The beam-limiting device is at a SID for
which PBL is not designed for sizing.

(2) Function as described in (1) above when-
ever all the following conditions are met.



(@) An image receptor is inserted into a per-
manently mounted cassette holder.

(b) The image receptor length and width are
less than 50 cm.

(c) The primary beam axis is either within
+3 degrees of vertical and the SID is between 90 cm
to 130 cm, inclusive, or within +3 degrees of hori-
zontal and the SID is between 90 cm to 205 cm,
inclusive.

(d) The primary beam axis is perpendicular
to the plane of the image receptor to within +3
degrees.

(e) Neither tomographic nor stereoscopic
radiography is being performed.

(3) Be capable of operation such that, at the
discretion of the operator, the size of the field may
be made smaller than the size of the image receptor
through stepless adjustment of the field size. Each
dimension of the minimum field size at a SID of 100
cm will be equal to or less than 5 cm. Return to
PBL function, as described in (1) above, will occur
automatically upon any change of image receptor
size or SID.

p. Acapability may be provided for overriding the
PBL in case of system failure and for servicing the
system. This override may be for all SIDs and
image receptor sizes. A key will be required for any
override capability that is accessible to the operator
(override capability is considered accessible to the
operator if it is referenced in the operator’s manual
or in other material intended for the operator or if
its location is such that the operator would consid-
er it part of the operational controls). It will not be
possible to remove the key while the PBL is over-
ridden. Each such key switch or key will be clearly
and durably labeled as follows:

For X-ray Field Limitation System Failure

g. X-ray systems designed for use with an intrao-
ral image receptor will have the means to limit the
SSD to—

(1) Not less than 18 cm if operable above 50
kVp.

(2) Not less than 10 em if not operable above
50 kVp.

r. Mobile and portable x-ray systems, other than
dental, will have the means to limit the SSD to not
less than 30 cm.

s. The x-ray control will provide visual indication
whenever x-rays are produced. In addition, a signal
audible to the operator will indicate that the expo-
sure has terminated.

t. Where two or more radiographic tubes are con-
trolled by one exposure switch, the selected tube (s)
will be clearly indicated before initiation of the
exposure. This indication will be on both the x-ray
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control and at or near the selected tube housing
assembly.

u. Radiation emitted from the x-ray tube of capac-
itor energy storage equipment will—

(1) Not exceed 0.03 mR (8.6 x 10° C/kg) in 1
minute at 5 cm from any accessible surface of the
diagnostic source assembly with the beam-limiting
device fully open, the system fully charged; and the
exposure switch, timer, or any discharge mecha-
nism not activated. Determine compliance by aver-
aging the measurements over an area of 100 cm?
with no linear dimension greater than 20 cm.

(2) Not exceed 100 mR (2.58 x 10® C/kg) in 1
hour at 100 ¢m from the x-ray source with the
beam-limiting device fully open, when the system is
discharged through the x-ray tube either manually
or automatically by use of a discharge switch or
deactivation of the input power. Determine compli-
ance by measuring the maximum exposure per dis-
charge and multiplying by the total number of dis-
charges in 1 hour (duty cycle). Average the meas-
urements over an area of 100 cm? with no linear
dimension greater than 20 cm.

v. For x-ray systems manufactured after 5
September 1978, which are designed only for mam-
mography, the transmission of the primary beam
through any image receptor support provided with
the system will be limited such that the exposure 5
cm from any accessible surface beyond the plane of
the image receptor supporting device does not
exceed 0.1 mR (2.58 x 10® C/kg) for each activation
of the tube.

(1) Measure exposure with the system operat-
ed at the minimum SID for which it is designed.

(2) Determine compliance—

(a) At the maximum rated peak tube poten-
tial for the system.

(b) At the maximum rated product of the
tube current and exposure time (mAs) for that peak
tube potential.

(¢) By averaging the measurements over
area of 16 in’ (100 cm?* with no linear dimension
greater than 20 cm.

w. The exposure switch will be—

(1) A continuous pressure “dead-man” type
switch.

(2) Located in such a manner as to prevent
convenient use by the operator outside the protec-
tive enclosure (control booth).

x. Mechanical support of the tube head and beam-
limiting device will maintain its proper exposure
position without drift, sag, or vibration.

y. Telemetric exposure switches controlling the
tube circuit by wireless means will be used with
caution. When using two or more telemetric timers
within the same facility—
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(1) Operate all timers on different frequencies.
(2) Label or control each telemetric switch to
assure that they do not become interchanged.

4-4. Mobile radiographic x-ray systems

In addition to the requirements in paragraph 4-3,
mobile and portable x-ray systems will comply with
the following:

a. Arrange the exposure switch so that the opera-
tor can stand at least 2 m from the x-ray tube, the
primary beam, and the patient.

b. Visual means will be provided on the x-ray con-
trol panel of the battery powered systems to indi-
cate if the battery is charged and is adequate for
proper operation. It will not be possible to produce
x-rays unless there is an adequate charge for prop-
er operation.

¢. An enabling key will be required to activate the
system. To prevent unauthorized use, remove the
key during system storage, except during battery
recharging.

d. Provide positive means to ensure that the min-
imum SSD is no less than 30 cm.

4-5. Mammographic x-ray systems

In addition to the requirements of paragraph 4-3,
mammographic x-ray systems will comply with the
following:

a. Radiographic x-ray systems designed for con-
ventional radiographic procedures that have been
modified or equipped with special attachments for
mammography will not be used for mammography.
Radiographic equipment used for mammography
will—

(1) Be specifically designed for mammography.

(2) Be certified x-ray systems per 21 CFR
1010.2.

(3) Incorporate a breast compression device.

(4) Have the provision for operating with a
removable grid (except for xeromammographic sys-
tems).

b. During a single cranio-caudal view of an
accepted phantom simulating a 4.5 em thick, com-
pressed breast consisting of 50 percent glandular
and 50 percent adipose tissue, the average glandu-
lar dose delivered will—

(1) Not exceed 0.3 rad (3.0 milliGray (mGy))
per exposure for screen-film mammography proce-
dures.

(2) Not exceed 0.4 rad (4 mGy) per exposure
for xeromammography procedures.

¢. At least annually, measure the dose under the
technique factors and conditions that are used to
produce the phantom images submitted for accredi-
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tation.
d. All dual filter mammographic systems will
have—
(1) A filter interlock system in the tube hous-
ing.
(2) An indication on the control panel that
clearly indicates the position of the filter.

4-6. Tomographic x-ray systems

In addition to the requirements of paragraph 4-3,
tomographic x-ray systems will comply with the fol-
lowing:

a. The error in the cut level indication will not
exceed the manufacturer’s specifications or, in the
absence of such specifications, will not exceed 5
mm.

b. The difference between the indicated tomo-
graphic angle and the measured angle will not
exceed the manufacturer’s specifications or, in the
absence of such specifications, will not exceed 5
degrees. The symmetry of the exposure angle about
the midline will not exceed the manufacturer’s
specifications or, in the absence of such specifica-
tions will not exceed 2 degrees, unless the system is
designed to operate in an asymmetrical manner.
Since the cut thickness is dependent on exposure
angle, the thickness of the cut plane should
decrease as the exposure angle increases.

¢. The tomographic plane should be flat to within
manufacturer’s specifications or, in the absence of
such specifications, 3 mm for linear systems and 2
mm for other systems.

d. Tomographic x-ray systems will produce a uni-
form density along the beam path when an image of
a tomographic uniformity test phantom is pro-
duced. Linear tomographic images should consist of
an evenly darkened straight line without evidence
of mechanical or radiation caused irregularities.
Tomographic x-ray systems with circular, elliptical,
hypocycloidal, or trispiral scan capability will pro-
duce an evenly darkened closed path. The path
overlap will not exceed the manufacturer’s specifi-
cations or, in the absence of such specifications, will
not exceed 20 degrees.

e. All tomographic systems will be capable of
resolving a mesh pattern with 30 hole per inch (30
mesh) over the entire length in the plane of the cut.
Specialized equipment should be capable of resolv-
ing a 50 mesh pattern.

4-7. Fluoroscopic x-ray systems

a. The fluoroscopic imaging assembly will have a
primary protective barrier which intercepts the
entire cross section of the primary beam at any



SID. The x-ray tube used for fluoroscopy will not
produce x-rays unless the barrier is in position to
intercept the entire primary beam. The exposure
rate due to transmission through the barrier with
the attenuation block in the primary beam com-
bined with radiation from the image intensifier if
provided, will not exceed 3.34 x 10" percent of the
EER, at a distance of 10 cm from any accessible sur-
face of the fluoroscopic imaging assembly beyond
the plane of the image receptor.

b. Radiation therapy simulation systems are
exempt from the above requirement provided—

(1) The systems are intended only for remote
control operation.

(2) The manufacturer provides instructions
to—

(a) Assemblers concerning the control loca-
tion.
(b) Users concerning the importance of
remote control operation.
c. The following field limitations apply to fluoro-
scopic x-ray systems.

(1) The x-ray field produced by nonimage-
intensified fluoroscopic equipment will not extend
beyond the entire visible area of the image receptor.
The equipment will have a means for stepless
adjustment of the field size. The minimum field
size, at the greatest SID, will be containable in a
square of 5 cm by 5 cm.

(2) For image-intensified fluoroscopic equip-
ment other than radiation therapy simulation sys-
tems, neither the length nor the width of the x-ray
field in the plane of the image receptor will exceed
that of the visible area of the image receptor by
more than 3 percent of the SID. The sum of the
excess length and the excess width will be no
greater than 4 percent of the SID.

(3) If the angle between the image receptor
and the axis of the primary beam is variable, the
equipment will have a means to indicate when the
axis of the primary beam is perpendicular to the
plane of the image receptor.

(4) Beam-limiting devices incorporated in
equipment with a variable SID or the capability of
a visible area of greater than 47 in* (300 cm?) will
have a means for stepless adjustment of the x-ray
field. Equipment with a fixed SID and the capabili-
ty of a visible area of no greater than 47 in® (300
cm?) will have either a stepless adjustment of the x-
ray field or a means to further limit the x-ray field
size at the plane of the image receptor to 19 in* (125
cm®) or less. Stepless adjustment will, at the great-
est SID, provide continuous field sizes from the
maximum obtainable to a field size containable in a
square of 5 cm by 5 cm.

(5) If the fluoroscopic x-ray field size is adjust-
ed automatically as the SID or image receptor size
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is changed, a capability may be provided for over-
riding the automatic adjustment in case of system
failure. If it is so provided, a signal visible at the
fluoroscopist’s position will indicate whenever the
automatic field adjustment is overridden. Each
such system failure override switch will be clearly
labeled as follows:

For X-ray Field Limitation System Failure

d. X-ray production in the fluoroscopic mode will
be controlled by a device that requires continuous
pressure by the operator for the entire time of any
exposure. When recording serial fluoroscopic
images, the operator will be able to terminate the x-
ray exposures at any time, but means may be pro-
vided to permit completion of any single exposure of
the series in process.

e. The following EERs apply to fluoroscopic x-ray
systems.

(1) Fluoroscopic equipment that is provided
with automatic exposure rate control (AERC) will
not be operable at any combination of tube potential
and current that will result in an exposure rate in
excess of 10 roentgens per minute (R/min) (2.58 x
10 C/kg - min) at the point where the center of the
primary beam enters the patient, except during
recording of fluoroscopic images or when an option-
al high-level control (HL.C) is provided.

(2) Fluoroscopic equipment that is not provid-
ed with AERC will not be operable at any combina-
tion of tube potential and current that will result in
an exposure rate in excess of 5 R/min (1.29 x 103
C/kg - min) at the point where the center of the pri-
mary beam enters the patient, except during
recording of fluoroscopic images or when an option-
al HL.C is provided.

(3) Equipment with both an AERC mode and a
manual mode will not be operable at any combina-
tion of tube potential and current that will result in
an exposure rate in excess of 10 R/min (2.58 x 103
C/kg - min) in either mode at the point where the
center of the primary beam enters the patient,
except during recording of fluoroscopic images or
when an optional HLC is provided.

(4) If HLC is provided, the system will not be
operable, in either AERC or manual mode, at any
combination of tube potential and current that will
result in an exposure rate in excess of 5 R/min (1.29
x 10° C/kg - min) at the point where the center of
the primary beam enters the patient, unless the
HLC is activated. The system will have a special
means to activate the HLC. The HLC will be opera-
ble only when the operator provides continuous
manual activation. A continuous signal audible to
the fluoroscopist will indicate that the HLC is acti-
vated.
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(5) Fluoroscopic equipment manufactured on
and after 19 May 1995 will be equipped with AERC
if operable at any combination of tube potential and
current that results in an exposure rate greater
than 5 R/min (1.29 x 10® C/kg - min) at the point
where the center of the primary beam enters the
patient. Provision for manual selection of technique
factors may be provided.

(a) This equipment will not be operable at
any combination of tube potential and current that
will result in an exposure rate in excess of 10 R/min
(2.58 x 10 C/kg - min) at the point where the cen-
ter of the primary beam enters the patient, except
during the recording of images from an x-ray
image-intensifier tube using photographic film or a
video camera when the x-ray source is operated in a
pulsed mode or when an optional HLC is activated.
Special means will be required to activate the HLC.

(b) When the HLC is activated, the equip-
ment will not be operable at any combination of
tube potential and current that will result in an
exposure rate in excess of 20 R/min (5.16 x 10 C/kg
- min) at the point where the center of the primary
beam enters the patient.

{¢) The HLC will be operable only when the
operator provides continuous manual activation. A
continuous signal audible to the fluoroscopist will
indicate that the HLC is activated.

(6) Fluoroscopic radiation therapy simulation
systems are exempt from the requirements set forth
in (1) through (5) above concerning EERs.

f. During fluoroscopy and cinefluorography, x-ray
tube potential and current will be continuously
indicated. Deviation of x-ray tube potential and cur-
rent from the indicated values will not exceed the
maximum deviation stated by the manufacturer.

g. The equipment will have the means to limit the
SSD to not less than 38 cm on stationary fluoro-
scopic systems and to not less than 30 cm on mobile
and portable fluoroscopic systems. In addition, for
image-intensified systems intended for specific sur-
gical application that would be prohibited at the
SSDs specified in this paragraph, provisions may be
made for operation at shorter SSDs, but in no case
less than 20 cm. When provided, the manufacturer
must set forth precautions with respect to the
optional means of spacing.

h. The equipment will have the means to preset
the cumulative on-time of the fluoroscopic tube. The
timing device’s maximum cumulative time will not
exceed 5 minutes without resetting. A signal, audi-
ble to the fluoroscopist, will indicate the completion
of any preset cumulative on-time. While x-rays are
being produced, this signal will continue to sound
until the timing device is reset. Radiation therapy
simulation systems may alternatively have a timer
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that— _
(1) Indicates the total cumulative exposure

time during which x-rays were produced.

(2) Is capable of being reset between x-ray
examinations.

i. In addition to the above requirements, mobile
and portable fluoroscopic systems will have image
intensifiers.

J- Fluoroscopic x-ray systems will have a diagnos-
tic-type protective source assembly. The apparent
focal spot will be clearly indicated on the tube hous-
ing. The cathode and anode cable receptacles of the
x-ray tube will be permanently identified.

k. Fluoroscopic systems with the x-ray tube per-
manently located under a table will have a shield-
ing device of at least one-tenth value layer of mate-
rial at the maximum tube potential for covering the
bucky slot during fluoroscopy. If a shielded bucky
slot cover is required to meet the exposure rate
requirements of paragraph 4-2e¢, the operator
should use positive means to ensure that the cover
is in place before producing x-rays.

{. Under table fluoroscopic equipment will have a
shielding device(s) of at least 0.25 mm lead equiva-
lent at 100 kVp. Such devices include—

(1) Overlapping protective drapes hung from
the image receptor.

(2) Hinged or sliding panels at the front of the
table. When provided, a hinged or sliding panel
should project at least 13 cm above the tabletop and
will not interfere with the use of the table.

m. Each high-voltage generator assembly will
have a pair of shockproof cable receptacles, per
Federal Standard No. 72, for each x-ray tube
assembly that the high-voltage generator is to ener-
gize. The high-voltage generator will be perma-
nently marked “Equipped with Federal Standard
Shockproof Cable Receptacles.” The receptacles
will be covered when not in use.

4-8. Cardiac x-ray systems

a. Cardiac x-ray systems with a tube current of
600 mA or greater that are placed in service after
1985 will have an anode heat calculator device or
system. For x-ray systems installed prior to 1985,
the use of a heat calculator may be beneficial, but it
may not be available from the manufacturer. For
such systems, the heat calculator is not required.

b. Each cardiac x-ray system will have a tube pro-
tective circuit.

c. A line voltage compensating device (operable
from the x-ray control panel without the aid of
tools), together with a meter for determining the
proper adjustment of the device, will be mounted in
all cardiac x-ray control panels not having- auto-



matic voltage compensation or a prereading kVp
meter that responds directly to line voltage varia-
tions.

4-9. Computed tomography

a. CT condition of operation.

(1) The CT conditions of operation to be used
during a scan or a scan sequence will be indicated
prior to initiation of a scan or a scan sequence. On
equipment having all or some of these conditions of
operation at fixed values, this requirement may be
met by permanent markings. Indication of the CT
conditions of operation will be visible from any posi-
tion from which scan initiation is possible.

(2) The equipment will have the means—

(a) To terminate the x-ray exposure auto-
matically by either de-energizing the x-ray source
or shuttering the primary beam in the event of
equipment failure affecting data collection. Such
termination will occur within an interval that lim-
its the total scan time to no more than 110 percent
of its preset value through the use of either a back-
up timer or devices that monitor equipment func-
tion. A visible signal will indicate when the x-ray
exposure has been terminated through these
means, and the operator will have to manually
reset the CT conditions of operation prior to the ini-
tiation of another scan.

(b) For the operator to terminate the x-ray
exposure at any time during a scan, or series of
scans under x-ray system control, of greater than
1/2 second duration. Termination of the x-ray expo-
sure will require the operator to reset the CT condi-
tions of operation prior to the initiation of another
scan.

b. Localization of the tomographic plane.

(1) A single tomogram system will have the
means to visually determine the tomographic plane
or a reference plane offset from the tomographic
plane.

(2) A multiple tomogram system will have the
means to permit visual determination of the loca-
tion of a reference plane. The manufacturer will
provide, to the user, the relationship of the refer-
ence plane to the planes of the tomogram. This ref-
erence plane may be offset from the location of the
tomographic planes.

(3) The distance between the indicated loca-
tion of the tomographic plane or reference plane
and its actual location may not exceed 5 mm.

(4) For an offset alignment system, the manu-
facturer shall provide specific instructions with
respect to the use of this system for patient posi-
tioning.
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(5) If a mechanism using a light source is used
to satisfy the requirements of (1) through (3) above,
the light source will allow visual determination of
the location of the tomographic plane or reference
plane under ambient light conditions of up to 47
foot-candles (500 lux).

(6) The deviation of indicated scan increment
from actual scan increment may not exceed 1 mm.

¢. Beam-on and shutter status indicators.

(1) The equipment will have a visual indicator
on the control and on or near the housing of the
scanning mechanism to provide visual indication
when, and only when, x-rays are being produced
and, if applicable, whether the shutter is open or
closed. If the x-ray production period is less than 1/2
second, the indication of x-ray production will be
actuated for 1/2 second. Indicators at or near the
housing of the scanning mechanism will be dis-
cernible from any point external to the patient
opening where insertion of any part of the human
body into the primary beam is possible.

(2) For systems that allow high voltage to be
applied to the x-ray tube continuously and that con-
trol the emission of x-rays with a shutter, the radi-
ation emitted may not exceed 100 mR (2.58 x 10°
C/kg) in 1 hour at any point 5 cm outside the exter-
nal surface of the scanning mechanism’s housing
when the shutter is closed. Determine compliance
by averaging measurements over an area of 100 cm?
with no linear dimensions greater than 20 cm.

d. CT image analysis. The manufacturer will pro-
vide a method with specific use instructions to cal-
culate the mean and standard deviation of CT
numbers for an array of picture elements about any
location in the image. The number of elements in
this array will be under user control.

4-10. Other radiographic x-ray systems

a. Certified. The design requirements and per-
formance standards given in this chapter apply to
all certified diagnostic x-ray systems, including spe-
cial purpose x-ray systems, unless the system has
been granted a variance under the provisions of 21
CFR 1010.4.

b. Uncertified. To the extent possible, uncertified
x-ray systems, including veterinary x-ray systems,
should be designed and calibrated to meet the stan-
dards specified in this chapter for certified x-ray
systems. Uncertified x-ray systems that cannot be
calibrated to meet these standards should be
removed from use for human patients as soon as
practicable.
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Section Il. DESIGN OR MODIFICATION OF DIAGNOSTIC X-RAY FACILITIES

4-11. Scope

This section provides requirements for the design or
modification and plan reviews of radiologic facilities
worldwide under DA jurisdiction. TM 5-805-12;
MIL-HDBK 1191; CEGS-13090; and the
Architectural and Engineering Instructions,
Medical Design Standards contain general guidance
for the construction of fixed diagnostic x-ray facili-
ties.

4-12. Evaluation of design plans

a. Before modification or construction begins, a
qualified expert will—

(1) Review all architectural design or modifi-
cation plans as well as all design or construction
specifications for fixed radiologic facilities. The fol-
lowing will perform these reviews:

(a) A health physicist at the RMC or the
USACHPPM.

(b) A military, civilian, or contract health
physicist or medical physicist approved by a health
physicist at the RMC or the USACHPPM.

(2) Ensure that the design is adequate to meet
regulatory dose limits and keep doses to personnel
ALARA.

b. At a minimum, submit the following informa-
tion to the reviewing physicist.

(1) To scale drawings (preferably the architec-
tural blueprints) showing the locations of doors,
windows, and other openings in the walls.

(2) Information concerning use and occupancy
of the areas adjacent to the x-ray room to include
the areas above and below the x-ray room. The
information should also state whether the adjacent
areas will be considered controlled (for purposes of
radiation protection) or uncontrolled areas.

(3) The composition and thickness of proposed
or existing barriers (floors, ceilings, walls, doors,
and windows) and their lead equivalence, if known.

(4) The thickness and height of the lead to be
installed in barriers.

(5) Which barriers are to be leaded.

(6) The locations and orientation of the x-ray
table, diagnostic source assembly, and image recep-
tor to include wall cassette holders, if used, as well
as distances from diagnostic source assembly to
occupied area(s).

(7) The location and construction of the protec-
tive enclosure (control booth) to include the dimen-
sion of the observation window, its height, and
placement in relation to the edge of the protective
barrier.
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(8) The orientation of the x-ray control panel
in relation to the observation window.

(9) The maximum kVp, mA, estimated weekly
workload (mA-min/week), and calculations made to
determine workload.

(10) The proposed location of mechanical or
electrical door locks or interlocks if used for radia-
tion protection.

4-13. Design of diagnostic x-ray rooms

a. Locate the x-ray control panel for a fixed radi-
ographic x-ray system behind a fixed protective bar-
rier (control booth) or in a separate room. The con-
trol should be designed so that the primary radia-
tion must scatter twice before reaching the operator.

(1) When a door forms part of the shielding for
the operator, it will be—

(a) Of the same lead equivalent thickness as
the barrier in which it is located.

(b) Equipped with electrical interlocks to
prevent production of x-rays when the door is open.

(2) Ensure that the control booth is designed
so that the operator can observe and communicate
with the patient in all diagnostic areas within the x-
ray room.

(3) Install the control switch in a location that
allows the operator to initiate an exposure only
from behind the protective barrier.

(4) For controls located outside of exam rooms
(for example, endodontic systems), install an
enabling key to prevent inadvertent exposures and
the initiation of exposures by unauthorized individ-
uals.

(5) Ensure that the observation window is of
the same lead equivalent thickness as the protective
barrier in which it is located. It will be at least 25 by
30 cm and should be at least 41 by 61 cm. If the ori-
entation of the protective enclosure’s observation
window prevents direct observation of the patient,
then use alternate means such as a convex mirror or
television.

(6) Ensure that the protective enclosure is
large enough to accommodate the x-ray control
panel, unexposed x-ray film, and the operator.
Normally 2.3 square meters (m?) is adequate for
fixed x-ray facilities.

(7) Locate the x-ray control panel so that the x-
ray technologist has a suitable observation area in
front of the observation window.

(8) Ensure that the edge of the protective bar-
rier (control booth) is at least 46 cm from the near-
est edge of the observation window, as measured



along the inside of the protective barrier (wall).

b. For equipment that has an integral radiation
shield, such as those used on mammographic equip-
ment, locate the exposure switch so that the opera-
tor receives maximum protection by the protective
barrier.

c. When practical, locate doors to the x-ray room
so that the x-ray technologist has direct control of
access to the room.

d. Consider all walls, doors, floors, and ceilings
that are exposed to the primary beam as primary
barriers. Any additional lead shielding added to the
barrier will extend to a minimum height of 2.1 m
above the floor. The location of the room, the
amount of shielding in the ceiling, and the occupan-
cy or use of the rooms located above the x-ray room
may require either the lead shielding to extend
beyond 2.1 m or additional shielding in the ceiling,
or both.

e. Ensure fluoroscopic rooms have general room
illumination through diffusing panels and a dimmer
switch to control the lights from within the room.

/- Ensure film processing areas comply with the
requirements of MIL-HDBK 1191.

4-14. Evaluation of protective barriers

a. When performing radiation exposure evalua-
tions to determine the adequacy of—

(1) Secondary protective barriers for x-ray or
LINAC equipment, make the evaluations under the
following conditions:

(a) With a phantom intercepting the pri-
mary beam.

(b) With the largest field size and radiation
output at which the equipment can operate.

fc) With the angle that will provide the
greatest amount of scatter radiation at the point of
interest.

(2) Primary protective barriers, make the
evaluations without a phantom.

b. When evaluating the results of the radiation
protection survey for scatter radiation measure-
ments—

(1) Consider actual operating conditions
including workload, use factor, occupancy factor,
and attenuation of the primary beam by the patient
and objects permanently in the primary beam.

(2) Do not consider patient attenuation for pri-
mary beam radiation measurements.

4-15. Therapeutic x-ray and LINAC facility
design requirements

a. Entrances to therapy rooms will be provided
with a door of the same concrete equivalence as the
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adjacent walls or with some other physical barrier
(door, gate, etc.) at the entrance to a radiation pro-
tective maze or labyrinth.

b. Install flashing or rotating lights at the
entrance to any “High Radiation Area” or “Very
High Radiation Area.” These lights will operate
automatically when radiation is being produced.

c. Install fail-safe interlocks on therapy systems
capable of operating at peak tube potentials above
150 kVp. These interlocks will prevent the produc-
tion of radiation when any door or barrier is open,
and will terminate production of radiation if the
door or barrier is opened after initiation of an expo-
sure. Reinitiation of radiation production will not be
possible except from the control panel after closing
the door or barrier. :

d. Provide a means for the therapist to observe
and communicate with the patient from the control
panel. When the observation is by electrical means,
provide an alternate system.

e. If using light localization of treatment portals,
provide a means to control the treatment room light
intensity from within the room.

f. If the treatment room contains a therapy sys-
tem capable of operating at energies above 500 kilo-
electron volts, locate “panic” or “cut-off” buttons in
accessible locations around the room. These buttons
will be clearly labeled and will terminate the pro-
duction of radiation when pressed.

g. In each LINAC room, install an area radiation
monitor capable of measuring exposure rates from
0.002 to 10 rad/hr (0.02 to 100 mGy). Equip the
monitor with a visual or audible alarm, or both, that
can be seen or heard at the control panel.

4-16. Other x-ray facilities

Facilities designed for veterinary use and medical
research will conform to the same shielding
requirements as corresponding medical facilities.

4-17. Posting requirements

a. The RPO will post—

(1) “Radiation Area” or “Caution: X-Rays”
signs in areas accessible to individuals where a per-
son could receive a dose equivalent in excess of
0.005 rem (0.05 millisieverts) in any 1 hour at 30 cm
from the radiation source.

(2) “High Radiation Area” signs in areas acces-
sible to individuals where a person could receive a
dose equivalent in excess of 0.1 rem (1 millisieverts)
in any 1 hour at 30 cm from the radiation source.

(3) “Very High Radiation Area” signs in areas
accessible to individuals where a person could
receive an absorbed dose in excess of 500 rads (5 Gy)
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in any 1 hour at 1 meter from the radiation source.

6. Exceptions to the posting of the “Radiation
Area” or “Caution: X-Rays” signs in locations visible
to patients may be granted by the RPO if such signs
may be a source of apprehension, provided person-

nel occupying the areas are otherwise informed of
the radiation levels to which they may be exposed
and entrance to the area is strictly controlled.
Exceptions may not be granted for “High Radiation
Areas” or “Very High Radiation Areas.”

Table 4-1. Minimum HVLs

Tube potential Minimum HVL Required minimum
(kVp) (mm of AD) filtration
Designed Measured Intraoral Other x-ray Other x-ray mm of Mo mm
operating operating dental systems systems (for Mo of
range potential systems (1 phase) (3 phase) targets) Al
50 and 30 1.5 0.3 0.4
under 40 15 0.4 0.5 0.03 0.5
50 1.5 05 0.6
51 15 1.2 15
51 to 70 60 15 1.3 1.8 15
70 1.5 1.5 2.0
71 2.1 2.1 2.1
80 2.3 2.3 2.5
90 2.5 2.5 31
71 and 100 2.7 2.7 34
over 110 3.0 3.0 3.6 2.5
120 3.2 3.2 3.9
130 3.5 3.5 4.2
140 3.8 3.8 4.5
150 4.1 4.1 4.8

Legend: Al = aluminum; Mo = molybdenum

Table 4-2. Aluminum equivalent of material between patient and image receptor

Aluminum
Item equivalent
(mm)
Front panel (s) of cassette holder (total of all) 1.0
Front panel (s) of film changer (total of all) 1.0
Cradle 2.0
Tabletop, stationary, without articulated joint (s) 1.0
Tabletop, movable, without articulated joint (s) (including stationary subtop) 1.5
Tabletop with radiolucent panel having one articulated joint 15
Tabletop with radiolucent panel having two or more articulated joints 2.0
Tabletop, cantilevered 2.0
5.0

Tabletop, radiation therapy simulator

4-12
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CHAPTER 5
SURVEYS OF DIAGNOSTIC X-RAY SYSTEMS

Section |. INTRODUCTION

5-1. Scope

a. This chapter provides minimum requirements
for a program for surveying diagnostic x-ray sys-
tems. These surveys ensure that the x-ray systems
are operating according to Federal regulations and
national consensus standards related to radiation
protection and image quality.

b. The surveys described in this chapter will be
performed by or under the supervision of a qualified
expert. MER personnel and or health physics tech-
nicians commonly perform many of the required
tests; however, a qualified expert should review the
results of these tests and perform any additional
tests that are required by this chapter or that are
necessary in his or her professional judgment.

c¢. Detailed procedures for conducting the tests
required by this chapter are published in the
Diagnostic X-ray Survey Procedure Manual, which
can be requested from Commander, USACHPPM,
ATTN: MCHB-TS-OMH, 5158 Blackhawk Road,
APG, MD 21010-5403. Similar procedures can be
found in NCRP Report No. 99 and AAPM Reports
No. 4, 25, 31, and 39.

5-2. Quality assurance programs

a. A complete QAP at a medical or dental treat-
ment facility is an ongoing process to—

(1) Monitor and objectively and systematically
evaluate the access to and the quality and appro-
priateness of patient care.

(2) Identify problems in care and performance.

(3) Implement solutions to the problems in (2)
above.

b. One aspect of the total QAP is monitoring
image quality.

(1) The primary goal of an image quality con-
trol program (IQCP) is to ensure that radiographic
examinations produce high quality images that pro-
vide the physician with the information needed to
make an accurate and timely diagnosis.

(2) The secondary goal is to accomplish this
with acceptable radiation exposure, risk, and dis-
comfort to the patient and with minimum radiation
exposure to health care personnel.

(3) To accomplish these goals, a program of
periodic surveys of the x-ray systems and associat-
ed facilities and protective equipment must be
established. The minimum requirements for this
program are outlined in section II below.

c. It is not uncommon for invasive and noninva-
sive measurement techniques to give slightly differ-
ent results for measurements of the same parame-
ter (especially in the case of kVp). In this case, use
the invasive measurement result to verify compli-
ance with the standards in this bulletin. The nonin-
vasive measurement result can be used as a con-
stancy check. For example, if invasive measurement
of the kVp gives a result of 80 kVp and noninvasive
measurement gives a result of 78 kVp, then 80 kVp
will be the value used to show regulatory compli-
ance. However, subsequent noninvasive measure-
ment can be made to show that the system is per-
forming consistently (that is, still gives a result of
78 kVp).

Section ll. X-RAY SURVEYS

5-3. Generd!

A program for surveys of x-ray systems will be
established by each facility that uses diagnostic or
medical research x-ray systems. As a minimum the
program will include the following.

a. Prior to initial use with human patients, an
acceptance survey will be performed. The accept-
ance survey includes tests of electrical, mechanical,
and, in some cases, image quality and radiation

dose tests or measurements. It also includes verifi-
cation of the adequacy of radiation protection
equipment and facilities. The acceptance survey is a
coordinated effort between the MER personnel and

the health/medical physicist.
b. Exceptions to the above requirement may be

granted by the supporting RMC for radiographic
(other than mammographic) and fluoroscopic x-ray
systems if—

(1) The x-ray system is being installed in an
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existing x-ray room that previously contained a sim-
ilar x-ray system.

(2) The supporting MER personnel have
performed their portion of the acceptance test per
the DOD Acceptance Procedures for X-Ray
Equipment. :

(3) The radiation protection survey has been
requested from the supporting RMC but cannot be
performed at the same time as the medical mainte-
nance survey.

(4) Prior to granting an exception, the sup-
porting RMC should request support from the
USACHPPM if they are not able to provide this
service. If neither the RMC nor USACHPPM can
perform the survey at the time it is needed, the
exception may be granted. The exception may not be
used at facilities having qualified in-house person-
nel.

(5) Facilities that are acquiring an x-ray sys-
tem should begin coordinating the acceptance pro-
cedures with their supporting MER and radiation
protection personnel as soon as possible to avoid
requests for exceptions.

(6) Exceptions will not be granted for CT or
other highly specialized x-ray systems. Facilities
acquiring these systems should ensure that the
acceptance test 1is coordinated with the
USACHPPM (for CT), the RMC (for systems other
than CT), the USAMMA, and the DSCP, as early as
possible to avoid delays in releasing the systems for
‘clinical use.

¢. Periodic resurveys of the equipment will be
performed by a qualified expert at the frequencies
specified in the applicable paragraph(s) of this
chapter. The minimum requirements for these sur-
veys are also specified in the following paragraphs
for specific types of x-ray systems. Additional tests
may be performed by the qualified expert (or under
the supervision of the qualified expert) at his or her
discretion.

5-4. Radiographic systems

A qualified expert will perform an acceptance sur-
vey of each radiographic and tomographic x-ray sys-
tem prior to use on human beings as specified in
paragraph 5-3 and a periodic resurvey at least
annually thereafter at facilities that are accredited
by (or are seeking to become accredited by) the Joint
Commission on Accreditation of Healthcare
Organizations (JCAHO) and biennially at all other
facilities.
a. The acceptance survey will—

(1) Verify that the x-ray system meets all
applicable requirements in chapter 4, this bulletin;
21 CFR, chapter 1, subchapter J; the purchase con-
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tract; and other electrical and safety standards.

(2) Verify that any shielding and other protec-
tive equipment is adequate and functional.

(3) Establish baseline performance levels for
comparison with the results of the annual surveys.

b. The annual surveys will include at least the fol-
lowing—

(1) Verification of compliance with the provi-
sions of chapter 4, this bulletin; and 21 CFR, chap-
ter 1, subchapter J; and comparison with the base-
line values from the acceptance survey.

(2) Verification of overload protective circuit, if
provided.

(3) Measurement of the parameters specified
below, and comparison with the baseline values
from the acceptance survey.

(a) Grid uniformity and alignment.
(b) ESE and film optical density. (See para
5-10.)

5-5. Dental systems

A qualified expert will perform an acceptance sur-
vey of each dental x-ray system prior to use on
human beings as specified in paragraph 5-3 and a
periodic resurvey at least biennially thereafter.

a. The acceptance survey will—

(1) Verify that the x-ray system meets all
applicable requirements in chapter 4, this bulletin;
21 CFR, chapter 1, subchapter J; the purchase con-
tract; and other electrical and safety standards.

(2) Verify that any shielding and other protec-
tive equipment is adequate and functional.

(3) Establish baseline performance levels for
comparison with the results of the annual surveys.

b. The biennial surveys will include at least the
following—

(1) Verification of compliance with the provi-
sions of chapter 4, this bulletin; and 21 CFR, chap-
ter 1, subchapter J; and comparison with the base-
line values from the acceptance survey.

(2) Verification of overload protective circuit, if
provided.

(3) Measurement of ESE and film optical den-
sity. (See para 5-10.)

5-6. Veterinary systems

A qualified expert will perform an initial survey of
each veterinary x-ray system prior to use and a
periodic resurvey at least triennially thereafter.
The initial and periodic surveys will—

a. Verify that the x-ray system meets all applica-
ble requirements in chapter 4, this bulletin; 21
CFR, chapter 1, subchapter J; the purchase con-
tract; and other electrical and safety standards.



(See para 4-10.) At a minimum the system will meet
any standards that affect the radiation dose
received by personnel.

b. Verify that any shielding and other protective
equipment is adequate and functional.

5-7. Mammographic systems

A qualified expert will perform a survey of each
mammographic x-ray system—

a. Prior to use on human beings and periodically
thereafter.

b. Following the requirements of the
Mammography Quality Standards Act of 1994
(MQSA) as amended.

5-8. Fluoroscopic systems

A qualified expert will perform an acceptance sur-
vey of each fluoroscopic x-ray system prior to use on
human beings and a periodic resurvey at least
annually thereafter at facilities that are accredited
by (or are seeking to become accredited by) the
JCAHO and biennially at all other facilities.

a. The acceptance survey will—

(1) Include verification that the x-ray system
meets all applicable requirements in chapter 4 of
this bulletin; 21 CFR, chapter 1, subchapter J; the
purchase contract; and other electrical and safety
standards.

(2) Establish baseline performance levels for
comparison with the results of the annual surveys.

b. The annual surveys will include at least the fol-
lowing—

(1) Verification of compliance with the provi-
sions of chapter 4 of this bulletin: and 21 CFR,
chapter 1, subchapter J; and comparison with the
baseline values from the acceptance survey.

(2) Verification of overload protective circuit, if
provided.

(3) Measurement of the parameters specified
below, and comparison with the baseline values
from the acceptance survey:

(a) Distortion.

(b) High contrast and low contrast resolu-
tion.

(¢) Image lag.

(d) Flare.

fe) Typical EERs.

c. The qualified expert will consult with the

responsible physician to determine the tolerances
for distortion, resolution, lag, and flare.

5-9. Computed tomographic systems

A qualified expert will perform a survey of each CT
system prior to use on human beings and annually

TB MED 521

thereafter.
a. The acceptance survey will—

(1) Include verification that the X-ray system
meets all applicable requirements in chapter 4 of
this bulletin; 21 CFR, chapter 1, subchapter J; the
manufacturer’s specifications; and the purchase
contract.

(2) Establish baseline performance levels for
comparison with the results of the annual surveys.

b. The annual surveys will include at least the fol-
lowing:

(1) Verification of compliance with the provi-
sions of chapter 4 of this bulletin; and 21 CFR, chap-
ter 1, subchapter J; and comparison with the base-
line values from the acceptance survey.

(2) Measurement of the parameters specified
below, and comparison with the manufacturer’s
specifications and the baseline values from the
acceptance survey. If manufacturer’s specifications
are not provided, a qualified expert should establish
appropriate control values for QC purposes.

(@) CT number calibration for air and water.

(b) Noise and uniformity.

(¢) Slice localization from radiographic
{scout) image.

(d) High contrast resolution or modulation
transfer function, or both.

(e) Low contrast resolution.

(f) Table position indicator accuracy.

(g) Table indexing accuracy.

(h) Radiation profile and sensitivity profile.

(i) CTDI.

(j) Surface dose.

5-10. Assessment of image qudlity and

entrance skin exposure

a. Prior to data collection, the qualified expert
will— :

(1) Ensure that the film processor has been
optimized.

(2) Take measurements using the prescribed
diagnostic clinical techniques for the specific projec-
tions in the mode used by the technologist (that is,
manual mode, AEC mode, or automatic brightness
control mode). The technique factor set and the
actual technique factors (that is, in AEC or auto-
matic brightness control modes where they may dif-
fer) should be recorded.

b. A qualified expert will—

(1) Use three CDRH patient equivalent phan-
toms to measure the ESE and typical fluoroscopic
EERs required by paragraphs 5-3b (3) () and 5-8b
(3) fe), respectively. These three phantoms are the
CDRH chest phantom, CDRH abdomen/LS spine
phantom, and the CDRH dental phantom. The
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phantoms are described in appendix B. Facilities
may purchase the phantoms from CDRH or a pri-
vate supplier or have them manufactured.

(2) Take the exposure measurements using
the following typical clinical projections:

(a) For radiographic systems. The chest
and abdomen/LS spine projections using the chest
and abdomen/LS spine phantoms, respectively.

(b) For fluoroscopic systems. The upper
GI projection using the abdomen/LS spine phantom.

(c) For dental systems. A typical intraoral
projection using the dental phantom.

(3) Ensure that the measured ESE is within
the presidential limits for ESE given in table 5-1. It
is recommended that the ESEs be between the 1st
and 3rd quartile values given in tables 5-2 through
5-4 for the chest, abdomen, and LS spine, respec-
tively. (The optical density of the images of the pro-
jections should be between 1.0 and 1.5 and will be
between 1.0 and 1.7.) Dental ESEs should be with-
in the range specified in table 5-5, and optical den-
sity values should be between 1.5 and 2.0. Tables
5-1 through 5-5 are located at the end of this chap-
ter.

5-11. Personal protective equipment

Evaluation of personal protective equipment is
important in keeping doses ALARA to all attending
personnel involved in radiography. The physician,
dentist, or veterinarian-in-charge—

a. Is responsible for the working conditions and
for the protection of patients and occupationally
exposed individuals from needless exposure to ion-
izing radiation.

b. Should ensure that all lead aprons, gloves,
drapes, gonad shields, and other lead vinyl flexible
shields are checked/inspected semiannually, and
will ensure that they are checked/inspected at least
annually for safety defects.

¢. Will replace defective aprons, gloves, drapes,
gonad shields, and other lead vinyl flexible shields.

d. Will provide appropriate devices for the proper
storage of lead aprons and gloves to minimize
impairment by improper handling and storage.
Protective aprons should be hung or laid flat so that

the integrity of the shielding is not compromised.

e. Will maintain radiographic or other appropri-
ate written records. The records may include the
date of the inspection, a list of the items inspected,
a dated radiograph of each item inspected, and the
name of the technologist who performed the inspec-
tion. If any item is found to be defective, note the
defect in the written record and describe the correc-
tive action taken.

5-12. Facility surveys

a. A qualified expert will—

(1) Survey all diagnostic x-ray facilities to
ensure that radiation exposure levels in the sur-
rounding areas due to operation of the equipment
do not exceed Federal and Army exposure stan-
dards. This includes an assessment of whether the
areas are controlled or uncontrolled areas (for the
purpose of radiation protection), the occupancy and
use of the areas, and whether the barrier is a pri-
mary or secondary barrier.

(2) Perform these surveys—

(a) Prior to using newly installed x-ray
equipment or using a new x-ray facility for clinical
purposes (see para 5-3).

(b) After any change in a system component,
equipment, subsystem, workload, or operating con-
ditions that may result in increased radiation expo-
sure.

b. If the survey indicates that the facility does not
conform to Federal and Army radiation protection
standards, the qualified shielding expert will deter-
mine the potential health hazards associated with
the facility and provide recommendations for cor-
rective actions. The actions may include—

(1) Adding supplementary shielding.

(2) Imposing restrictions on the use of the
equipment (workload or use factor).

(3) Imposing restrictions on the occupancy of
the affected area.

¢. If supplementary shielding is installed or other
physical corrections are made to the facility, a qual-
ified expert will perform a resurvey to assess the
adequacy of the corrective actions.
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Examination (Projection)

Maximum ESE (mR)

Chest (P/A) 30
Skull (Law) 300
Abdomen (A/P) 750
Cervical Spine (A/P) 250
Thoracic Spine (A/P) 900
Full Spine (A/P) 300
Limbo-Sacral Spine (A/P) 1000
Retrograde Pyelogram (A/P) 900
Feet (D/P) 270
Dental (Bitewing or Periapical) 700
Legend: P/A = posterior/anterior; Law = lateral; A/P = anterior/posterior; D/P = distal/proximal
Table 5-2. Free-in-air chest ESE (mR) at 23 cm by relative film-screen speed
Film Speed 100 200 300 400 500+
Scatter Grid None Grid None Grid None Grid None Grid None
Suppression
1st Quartile 185 221 16.4 8.2 9.7 5.6 9.2 5.7 8.2 4.8
Median 295 221 248 11.6 13.6 6.7 11.6 6.9 11.8 8.4
3rd Quartile 386 221 322 181 18.1 9.2 16.0 8.4 16.0 14.7
Mean 314 221 25.2 149 15.2 8.1 13.5 7.4 11.8  10.7
Table 5-3. Free-in-air abdomen ESE (mR) at 23 cm by relative film-screen speed
Film Speed 100 200 300 400 500+
Scatter Grid None Grid None Grid None Grid None Grid None
Suppression
1st Quartile 376 718 322 - 227 - 220 346 144 -
Median 553 718 475 - 315 - 301 346 246 -
3rd Quartile 731 718 691 - 440 - 433 346 335 -
Mean 553 718 580 - 351 - 350 346 250 -
Table 5-4. Free-in-air LS spine ESE (mR) at 23 cm by relative film-screen speed
Film Speed 100 200 300 400 500+
Scatter Grid None Grid None Grid None Grid None Grid None
Suppression
1st Quartile 290 819 318 - 267 - 252 459 136 -
Median 361 819 671 - 366 - 333 459 308 -
3rd Quartile 944 819 1172 - 517 - 487 459 385 -
Mean 532 819 813 - 420 - 383 459 273 -
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Table 5-5. Acceptable x-ray exposure ranges using the dental phantom

“D” Speed Film

kVp Lower Limit (mR) Upper Limit (mR)
50 400 280
56 370 250
60 320 220
65 270 190
70 230 165
75 180 130
80 160 115
85 140 105
90 120 95
95 100 85

100 90 70

“E” Speed Film

kVp Lower Limit (mR) Upper Limit (mR)
50 220 550
55 190 520
60 170 475
65 145 415
70 125 360
75 100 305
80 85 260
85 80 230
90 70 210
95 60 195

100 50 180
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CHAPTER 6

IMAGE QUALITY ASSURANCE/QUALITY CONTROL PROGRAM FOR DIAGNOSTIC
X-RAY SYSTEMS AND ANCILLARY EQUIPMENT

Section |. INTRODUCTION

6~-1. Scope

This chapter—

a. Provides procedures for the QC of film handling
and processing and the monitoring of image quality.

b. Does NOT specifically address digital x-ray sys-
tems. However, each facility using digital systems
will establish a digital QAP that ensures compli-
ance with the manufacturer’s specifications and
current industry standards.

6-2. Generdl

a. Each physician, dentist, or veterinarian in
charge will—

(1) Ensure that a QA manual is developed
with the basic procedures to assure image quality. A
sample QA manual is provided in appendix C. This
manual will—

(@) Address the basic requirements listed in
paragraph 6-3 and section II.

(b) Be signed by the person who has overall
responsibility for the IQCP.

(c) Be updated as necessary. Any significant
changes in the IQCP will be approved by the person
who has overall responsibility for the IQCP.

(d) Contain the most recent records of IQCP
monitoring results, records, and the results of cor-
rective actions and reviews.

() Be made available to all personnel
involved in radiology services.

(2) Implement a recordkeeping format that is
readily accessible and that allows easy comparison
of monitoring results.

(3) Allow adequate time for personnel to per-
form the necessary IQCP tasks.

b. A qualified expert will—

(1) Review the IQCP annually, as part of the
annual reappraisal of the treatment facility’s QAP

(2) Provide a written report of the review to
the chief of radiology or the U.S. Army Dental
Activity (DENTAC) RPO.

6-3. Monitoring and evaluation process

Image QC monitoring will be ongoing, criteria-

based, planned, and systematic as outlined in the
QA manual. The essential steps, common to all
IQCPs, in monitoring and evaluation include the

following—
a. Assignment of responsibilities. The chief of

the radiology department in an MTF or the DEN-
TAC RPO has overall responsibility for the IQCP
and the implementation of an effective program.
This person identifies the individual(s) responsible
for the quality indicators outlined in section II and
ensures that the responsibilities are fulfilled.

b. Collect and analyze data. The frequency of
monitoring for each of the relevant quality indica-
tors described in section II will be documented in
the QA manual. At specified intervals, the QC tech-
nologist will—

(1) Collect and analyze the data acquired from
the monitoring.

(2) Compare the data with pre-established tol-
erances and the information analyzed to detect
potential problems, trends, and patterns of per-
formance.

c. Tolerance values. Tolerance values have been
established for the following indicators.

(1) OQvuerall repeat rate. The overall repeat rate
for the facility will not be more than 20 percent and
should not be more than 10 percent.

(2) Processor speed. The processor speed will
be not less than 80 and not more than 120. Note
that processor speed as used in this paragraph is
not the same as the index of speed in (3) below. (See
para 6-4b and app D.)

(3) Processor mid-density (MD), density differ-
ence (DD), and base-plus-fog (B + F). The MD and
DD will not deviate from the established operating
level by more than 0.2 optical densities. The B + F
will not exceed the established operating level by
more than 0.05. Procedures for establishing operat-
ing levels are given in appendix E.

(4) Processor solution temperature. The
processor developer temperature will be within 0.5
degrees Fahrenheit (°F) (£0.3 degrees Celsius (°C))
of the manufacturer’s recommended temperature.
The fixer temperature will be within +5 °F (+3 °C) of
the developer temperature.
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d. Corrective action. Action will be taken to
resolve identified problems. To be effective, the cor-
rective action will be appropriate to the cause of the
identified problem. A plan of corrective action

should identify—
(1) Who or what is expected to change.

(2) Who is responsible for implementing the
action.
(3) What action is appropriate.
(4) When change is expected to occur.
e. Assess the actions and document improvement.
The QC technologist will monitor corrective actions
until the problem is resolved.

f. Training. The QC technologist will—

(1) Disseminate, throughout the diagnostic
radiology service, the relevant findings from moni-
toring and evaluation activities.

(2) Conduct annual training on the IQCP in
general and on the relevant findings.

g. Reports. The QC technologist will report
department QC activities, findings, conclusions,
recommendations, actions taken, results of actions
taken, and the results of the annual IQCP review to
the person having overall responsibility for the
IQCP.

Section Il. IMAGE QUALITY CONTROL PROCEDURES

6~4. Processing quality control

a. Handling and storage of photosensitive radi-
ographic materials. Photographic materials are sen-
sitive to light, heat, humidity, chemical contamina-
tion, mechanical stress, and radiation.

(1) Store film at temperatures between 60 °F
(16 °C) and 70 °F (21 °C). Store open packages of film
in an area where the humidity is between 40 and 60
percent.

(2) Store photographic materials away from
chemical fumes or radiation. Radiation includes
radionuclides, radioactive wastes, and direct or
scattered x-rays.

(3) Since film is pressure sensitive, always
store boxes of film standing on end. Two or three
boxes of film stacked horizontally can result in pres-
sure artifacts on the film.

b. Evaluation of optimum image quality process-
ing speed. Evaluation of the processor speed deter-
mines whether the processor is processing optimal-
ly; then processor monitoring ensures that consis-
tency is maintained. An empirical test method for
evaluating processing quality is the Sensitometric
Technique for the Evaluation of Processing (STEP),
which is described in appendix D.

(1) Follow the film manufacturer’s processing
recommendations for each type of radiographic film,
specifically for development time, temperature,
replenishment rates, processor maintenance, and
chemical mixing.

(2) Use the STEP when the processing proce-
dures are changed and at least quarterly. The value
of the standard sensitometric step number that
yields the processor speed will be between 80 and
120.

(3) Re-establish the operating levels of the
processor every time processing conditions (type of
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film, chemicals, processing time, etc.) are changed.
Procedures for establishing operating levels are
found in appendix E.

¢. Processor monitoring. Evaluate daily the MD,
DD, B + F, and the solution temperature for each
film processor. A complete description of how to con-
duct this monitoring is provided in appendix D.

(1) If more than one film type is used in a
processor, monitor the processor for each type of
film.

(2) Measure the solution temperature using a
non-mercury thermometer with a specified accuracy
of £0.2 °F (20.1 °C) or better. The temperature indi-
cated by a built-in processor thermometer can be
used, but the processor thermometer will be com-
pared to and calibrated with an external thermome-
ter at least monthly.

(3) Expose, process, and evaluate sensitomet-
ric control strips and plot the results (that is, MD,
DD, and B + F values) daily, before clinical films are
processed. To be effective, QC requires immediate
feedback. If the strips are processed and the densi-
ties are read or plotted later, then the program is
merely providing quality monitoring, not QC.

(4) Whenever a new box of “sensitometric” or
“QC” film is opened, follow a crossover procedure to
evaluate the characteristics of the new film. A
description of one such procedure is provided in
appendix F.

d. Processor maintenance. Keep a processor main-
tenance log for each processor to record all service
on the unit. This log can be used to correlate proces-
sor service with processor performance. Perform the
following preventive maintenance tasks at the man-
ufacturer’s specified intervals. If no intervals are
specified, then perform the tasks at the intervals
described below.



(1) Clean the developer and fixer crossover
racks daily.

(2) Wash the developer and fixer racks weekly
or as recommended by the manufacturer.

(3) Inspect in-line filter screens quarterly.

(4) Determine replenishment rates quarterly.

(5) Measure dry-to-dry time quarterly.

(6) Completely clean the processor.

6-5. Image receptor quality control and view-
boxes

a. Cassettes. The cassette should identify the
screen-film combination contained.

(1) If different screen-film combinations are
used in the department, distinctively mark each
cassette containing a particular combination so that
it is virtually impossible for the x-ray technologist
to use the wrong cassette for an examination. In
addition, mark each cassette in such a way that the
individual in the darkroom can clearly identify the
particular cassette so that it will be loaded with the
proper film.

(2) Assign a number to each cassette. This
number should also appear on the screen in indeli-
ble ink, or a lead number placed on the outside of
the cassette should make a readable image on the
radiograph.

b. Film/screen evaluations. Adequate film/screen
contact over the entire surface of a cassette is essen-
tial to prevent blurring or other image distortions.

(1) Evaluate the film/screen contact, identify
artifacts, and check for light leaks on—

(a) All new cassettes prior to clinical use.
(b) All cassettes semiannually.

(2) Clean the screens (with manufacturer’s
recommended cleaning solution only) at least semi-
annually.

(3) Evaluate the film/screen combination and
effect on processor speed before any proposed
change to the film or screens.

c. Viewboxes. In a radiographic reading room that
has banks of viewboxes, evaluate the consistency of
light output from one box to another and the view-
box surface conditions at least semiannually. Use
one type of bulb (by a single manufacturer) through-
out a specific department. Replace the bulbs at least
every 1500 hours of use.

6-6. Darkroom quality control

The most noticeable effect of film fog is a decrease
in the overall contrast of a radiograph in the mid-
range densities that are of primary interest to the
clinician. Exposing stored film to high temperatures
or radiation can cause fog, but it is usually caused
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by light leaks in the darkroom.

a. Clean darkrooms daily to minimize artifacts on
film images.

b. Evaluate the safe light conditions in the dark-
room at least semiannually.

c. Evaluate the darkroom for fog leaks at least
semiannually. When performing the fog test, use
the fastest film normally processed in the dark-
room. Two methods for performing fog tests are
found in appendix G.

d. There will be no eating or drinking in the dark-
room.

6-7. Repeat analysis

Retake or repeat analysis is the best tool for identi-
fying image quality problems and for evaluating the
effectiveness of the IQCP.

a. Maintain retake logs daily. For each rejected
radiograph, the retake log will include the reason
for rejection, the type of examination and projec-
tion, the room number, the technologist’s name, the
x-ray system used (if more than one system is in any
given room), and the film cassette number.

b. Review retake logs weekly. The reviewer will
ensure rejected radiographs have been recorded in
the retake log. Calculate the total repeat rate (that
is, divide the total number of rejected films by the
total number of films taken). If the total number of
films taken is not known, use an estimate. However,
clearly indicate the mechanism for making that
estimate.

c. Conduct analysis. Conduct further analysis of
the retake log (such as retake rate by reason, room,
or technologist).

6-8. Dental radiographic facilities

a. All of the requirements described in para-
graphs 6-3 through 6-7 apply to dental radiograph-
ic facilities. A sample worksheet that may be used
for collecting information for completing a dental
clinic monthly radiation QA report is shown in fig-
ure 6-1, located at the end of this chapter. This
worksheet is intended to be only a sample. It should
be modified according to the specific needs of each
dental facility.

b. Dental radiographic facilities that do not have
a high workload of panographic/cephalometric X-ray
exams are excepted from the requirements of para-
graph 6-4. Such facilities may use a reference radi-
ograph for comparison with daily films to meet mon-
itoring requirements. The QC technologist will—

(1) Expose a film daily using an aluminum
step wedge or phantom, such as the Radiographic
Normalization and Monitoring Device.

6-3
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(2) Compare the film with the reference radi-
ograph.

(3) Document any degradation in image quali-
ty and the corrective action taken.

6~-9. Mammographic radiographic facilities
The MQSA of 1994 requires each mammography

6-4

site to become accredited through a private non-
profit accreditation body (such as the American
College of Radiology’s Mammography Accreditation
Program) that has been approved by HHS. This leg-
islation requires facilities to establish and maintain
an appropriate QC program.
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DENTAL CLINIC MONTHLY RADIATION QA REPORT WORKSHEET

Dental Clinic Camp Swampy This report is due the last day of June 2001

Total Bitewings Exposed 250 Total Bitewings Retakes 17

Total reason(s) for Bitewing X-ray Retakes (a) 7 (b) 6 (c) 4

Total PA X-rays Exposed 45 Total PA X-ray Retakes 3

Total reason(s) for PA X-ray Retakes (a) 2 (b) © (c) 1

Total Panorex Exposed 60 Total Panorex Retakes 4

Total reason(s) for Panorex retakes (a) 1 (by 2 (c) 1

Reasons for “retakes” will be coded:
(A) Patient induced error (for example, the
(B) Operator error.
(B) Processing error (for example, power failure

Date lead aprons were last fluoroscopically inspe

Date lead aprons were last visually inspected

Date the darkroom integrity and the conditd
tested 26 September 2000 . To do this test,
an unwrapped PA x-ray film inside the
After 5 minutes, develop the film. i pt show a visible
circle where the coin was placed. - i

needed.

rkroom was

Date of the last documented training
effects of radiation 2

Was there any other 's reporting period? No
Were there any positive t

(TLDs) ? No
If “yes,” why?

answer. If there is a “negative”
e list the statement number (s), and explain why.

are used on every patient, if appropriate.
stored/hung properly between patient use.
Hazard” signs are hung on the door(s) of
€ X-ray rooms.
fhere is a highly visible sign in the x-ray room that
requests Zemale patient’s to inform the X-ray technician
if they are pregnant.
he dental “Radiographic Nermalizing and Monitoring
Device” or the “Densitometry/Sensitometry Device” is used
daily to evaluate radiographic and processing quality.
There is an effective eye lavage in the X-ray area.
When working with x-ray chemiczls, the X-ray technician
i1s using an apron, eye protection, and gloves.

PFdiologiy

There are charts of current techniques posted by or on
the x-ray machine and processor.
X 10. Personnel dosimetry, if issued, are labeled with

Figure 6-1. Dental Clinic Monthly Radiation QA Report Worksheet (Sample)
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6-6

personnel identification.

X __11. Personnel dosimetry, if issued, are worn by personnel
exposing radiographs.

X __12.The TLDs, if issued, are stored in a location
conveniently close to, but outside the radiation area
with the control TLDs.

X ___13. Infection control materials (for example, gloves, plastic
wrap, plastic bags) are being changed between each
patient.

X ___l4.X-ray film is stored and handled properly to prevent

fogging and other damage.

3. A leaded apron was found folded on a shelf. BAll personnel were informed o
proper way to store leaded aprons.

Please Note: Due to patient workload and varying numbers of
dental x-ray equipment, some clinics are not required to is

sonnel working with
personnel dosimetry.

This should be taken into account prior to using this sam
worksheet is intended to be only a sample. It should be®mo
specific needs of each dental facility.

o

Figure 6-1. Dental Clinic Monthly Radiation QA Report Worksheet (Sample) — Continued

rksheet. This
d according tg
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CHAPTER 7
USE OF MEDICAL AND DENTAL FIELD X-RAY SYSTEMS

7-1. Scope

This chapter—

a. Relates to the use of diagnostic x-ray systems
in a field environment.

b. Is written to provide a mechanism to ensure
quality-of-care during radiographic procedures is
maintained in deployment operations and to pro-
vide some guidance to medical/dental units for nec-
essary training during field exercises.

c. Provides procedures for waiving compliance
requirements that cannot be met due to operational
considerations during field exercises. However, it
requires commanders to document the rationale for
granting these waivers.

7-2. Procedures

a. The commander of a medical group deployed to
support military operations will designate, in writ-
ing, a medical group RPO. When possible, the
appointed RPO should be a preventive medicine sci-
ences officer with a specialty in nuclear medical sci-
ence (67C72A).

b. The medical group RPO—-

(1) Ensures radiographic equipment is func-
tioning properly and is being used appropriately.

(2) Maintains documentation of calibrations,
surveys, inventories, and dosimetry results.

(3) Serves as the primary consultant to the
medical group commander on all issues related to
exposure to ionizing radiation.

(4) Maintains documentation of all waivers to
requirements of this bulletin, and provides a quar-
terly summary report of such waivers to the medical
group commander and to the MEDCOM radiological
hygiene consultant.

(5) Provides guidance to medical/dental units
on radiation protection policies applicable to the
operation.

(6) Serves as the dosimetry coordinator and as
the central point of contact for all questions regard-
ing radiation exposures of occupational workers.

(7) Provides x-ray surveys and RPP reviews as
required by this bulletin.

¢. Commanders of medical and dental units—

(1) Designate in writing a qualified RPO.

(2) Document and implement a radiation pro-
tection and QAP according to the provisions of this
bulletin.

(3) Ensure performance of the annual training

and equipment checks specified in paragraph 7-5.
This is critical, particularly during times in garri-
son, since obtaining support during deployment
operations may be difficult.

(4) Upon unit deployment—

(a) Initiate and document a review of the
radiation protection and QA programs prior to per-
forming x-rays on patients. Perform and document
program reviews quarterly. A sample RPP evalua-
tion checklist designed to assist the reviewer in
gathering information for these reviews is shown in
figure 7-1, located at the end of this chapter. This
checklist is intended to be only a sample and may be
modified to meet the needs of the reviewer.

(b) Ensure that a medical maintenance cali-
bration and a health physics radiation safety survey
of radiographic x-ray systems have been performed
within the past 12 months.

(c) Forward an inventory of all operable x-
ray systems to the medical group RPO. The inven-
tory should include the type of system, model num-
ber, serial number, date of last calibration, and date
of last radiation safety survey. This coordination is
necessary to establish communication with the
medical group RPO. The medical group RPO will
use the information to determine what surveys are
required and what type of dosimetry, if any, to issue
to the unit.

(d) Ensure compliance with the require-
ments specified in this bulletin, except as author-
ized 