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Injury from X-ray Procedure

Fluoroscopic image 

indicating arm in beam

Erythema about 3 weeks 

after procedure

Injury following cardiac ablation procedure
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Injury from X-ray Procedure (2b)

Ulcer at 5 months after 

procedure

Debridement at 8 months after 

the procedure
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Four Legal Considerations

⚫ X-Ray Supervisor and Operator Permits

⚫ Display of X-Ray Permits

⚫ Use of Radiation Dosimetry during 
Fluoroscopy

⚫ Renewal of S&O Permits

(Under California State Law, violations of regulations are 
misdemeanors and carry civil and criminal penalties of up to a 
$5,000 fine  + 180 days in jail for each separate violation.)



6

X-Ray Permit Possession

An x-ray permit or certificate is required by California 
state regulations of a licensed physician who 
independently does any of the following:

⚫ Actuates radiography or fluoroscopy equipment

⚫ Directly controls x-ray exposure to the patient

⚫ Positions a patient for an x-ray procedure

⚫ Supervises one or more radiologic technologists

(California Code of Regulations, Title 17, Section 30460-30468)
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X-Ray Permit Possession

⚫ A permit is not needed by a Resident who 
operates x-ray equipment and is under the 
direct supervision* of an Attending who has 
a permit.  

⚫ A permit is required of a Resident who 
operates x-ray equipment without direct 
supervision, such as when providing on-call 
coverage.

* “Direct Supervision” means that the supervisor is in 
the same room as the individual being supervised 
and is actively supervising that individual.
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X-Ray Permit Possession

⚫ You do NOT need an X-ray permit to 
order a standard film or a procedure.
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Example of Permit
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X-Ray Permit

The S&O permit is similar to a driver’s license. 

⚫ Permits are valid for two years

⚫ There is no grace period after expiration

⚫ The state provides notification of renewal 60 
days before expiration – renew promptly!

⚫ 10 CE Credits involving fluoroscopy or 
diagnostic x-ray, as appropriate, are 
required every two years to renew the 
permit.  
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Display of X-Ray Permit

⚫ X-ray S&O Permits must be prominently posted 
on display at each place of practice.

⚫ Usually, the Radiation Safety Office maintains 
a copy of each physician’s permit.  A list of 
permits on record is updated monthly, and 
serves as the legal display.

⚫ To legally use X-ray equipment at a Medical 
Center, a physician must have his/her name 
included on their approved list or posted.
(California Code of Regulations, Title 17, Section 30404)
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Radiation Dosimetry

Radiation dosimeters are 
assigned to individuals by  
Radiation Safety Officers in 
order to meet federal and 
state regulations for 
monitoring radiation 
exposure.

(California Code of Regulations, Title 17, Section 30253, 30307, 

and 30309).

(Code of  Federal Regulations, Title 10, Part 20, Sections 20.1001 

through 20.2402 and Appendices A through F).
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Radiation Dosimetry

⚫ Dosimetry is required for all mobile 
fluoroscopic procedures.  If a physician 
performs  fluoroscopy using mobile 
equipment, he/she must wear a radiation 
dosimeter during each procedure.

⚫ A physician assigned a radiation dosimeter 
must wear the dosimeter in the manner 
prescribed, and must exchange the dosimeter on 
time as instructed by Radiation Safety.
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Radiation Dosimetry

⚫ When a single dosimeter has 
been issued for work with X-
ray, it is to be worn OUTSIDE
the lead apron AT COLLAR 
LEVEL.  This dosimeter is used 
to estimate whole-body, lens of 
the eye, and skin dose.

⚫ The symbol on the dosimeter 
shows where the dosimeter is to 
be worn.

⚫ Special instructions will be 
issued for multiple dosimeters
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X-Ray Permit List

REMEMBER - To be included as physicians 
approved to use X-ray equipment you must 
have: 

⚫ A valid X-ray S&O Permit or Radiology 
Certificate on files with the Radiation Safety 
Office

⚫ A Radiation Dosimeter issued by Radiation 
Safety
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Radiation Safety: The difference is CONTROL
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Occupational worker limits

⚫ Whole body: 5 Rems/calendar yr.

⚫ Skin: 50 Rems/yr.

⚫ Eyes 15 Rems/yr.

⚫ Organs 50 Rems/yr.

⚫ Extremities 50 Rems/yr.

The NRC utilizes the Linear, No-Threshold Theory, which 

assumes all exposure to radiation above natural background 

will have some detrimental health effect.
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Protective Measures
External radiation hazards

3 Primary means of protection

⚫ Time Minimize time without rushing

⚫ Distance Maximum distance without over 
reaching

⚫ Shielding Use correct shielding

Use Pb PPE as required
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ALARA
As Low As Reasonably Achievable

Making every reasonable effort to 
maintain exposures to radiation as far 
below the dose limits as is practical
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Three Ways to Reduce Your Exposure

1. TIME

2. DISTANCE

3. SHIELDING

⚫ Decrease your time to 
reduce your exposure.

⚫ Increase your distance 
to reduce your exposure

⚫ Use shielding whenever 
it is appropriate
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Penalties

Failure to comply with state and federal regulations 
or particular Medical Center policies regarding:

❖Possession and display of x-ray permits

❖Use of assigned radiation monitoring devices

❖Use of radiation or radioactive materials

may result in loss of Medical Staff privileges, in 
addition to the civil and criminal penalties 
previously noted.
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The Radiation 

Symbol lets you 

know that 

radiation or 

radioactive 

materials are 

present.
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Safe Use of X-Ray Machines

– Limit fluoroscopy time and learn good imaging 
technique to minimize radiation exposure to the 
patient, to yourself, and to staff.

– Remember that one minute of fluoroscopy may 
give the patient as much skin exposure as 250 chest 
x-rays.

– Use leaded aprons, thyroid shields, and eyewear.

– Wear your dosimeter for all fluoroscopic 
procedures.

– Never place any part of your body in the x-ray 
beam.  Do not hold patients during procedures.
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⚫ USE THE SIX-FOOT RULE:

If possible, stay at least six feet away 
from the patient while the X-ray 
machine is activated.

⚫ USE A LEAD APRON:

If you are performing or have to be 
very close to the patient during an 
X-ray procedure, use a lead apron. 

If you need to be near a patient while an X-ray is taken 
or fluoroscopy is being performed:
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Lead PPEs

⚫ Never direct the primary beam 

onto any part of your body even if 

you are wearing gloves, aprons, or 

other PPEs.

⚫ In California, the minimum 

thickness for leaded PPEs is 0.25 

mm “lead equivalent” which stops 

97% of the scatter.  0.5 mm stops 

>99% of scatter.

⚫ Keep leaded garments on a hanger when not in use.
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http://www.arrt.org/


CONTENT SPECIFICATIONS FOR

THE FLUOROSCOPY EXAMINATION

The table below presents the four major content categories, along 
with the percentage and number of test questions appearing in each 
category.

CONTENT CATEGORY PERCENT OF TEST NUMBER  OF 

QUESTIONS*

A. Radiation Biology and Physics 24% 22

B. Exposure Reduction 27% 24

C. Equipment Operation 24% 22

D. Image Evaluation, Quality Control,

& Patient Considerations 25% 22

100% 90

A special debt of gratitude is due to the hundreds of professionals participating in this project as 
committee members, survey respondents, and reviewers.

* Each exam includes up to an additional 30 unscored (pilot) questions.
28



RADIATION BIOLOGY

A. Radiosensitivity

1. dose-response relationships

2. relative tissue radiosensitivities

3. cell survival and recovery

B. Somatic Effects

1. short-term versus long-term effects

2. acute versus chronic effects

3. carcinogenesis

4. organ and tissue response

(e.g., eye, thyroid, breast, bone marrow, skin, 
gonadal)

C. Embryonic and Fetal Risks

D. Genetic Effects
29



RADIATION PHYSICS

A. Photon Interactions with Matter

1. Compton effect

2. photoelectric absorption

3. coherent (classical) scatter

4. attenuation by various tissues

a. thickness of body part

b. type of tissue (e.g., atomic 
number, density)

B. X-Ray Production

1. source of free electrons

2. acceleration of electrons

3. focusing of electrons

4. deceleration of electrons

5. x-ray spectrum

a. bremsstrahlung

b. characteristic
30

C. X-Ray Beam

1. frequency and wavelength

2. beam characteristics

a. quality

b. quantity

c. primary vs remnant (exit)

3. scatter

4. inverse square law

5. fundamental properties 

(e.g., travel in straight lines, 

ionize matter)



EXPOSURE REDUCTION

1. Minimizing Patient Exposure (13)

A. Technical Factors

1. kVp

2. mA

3. time

4. automatic brightness control (ABC)

5. automatic exposure control (AEC)

6. automatic exposure rate control     
(AERC)

B. Shielding

1. rationale for use

2. types

3. placement
31

C. Beam Restriction

1. purpose of primary beam

restriction

2. collimators

D. Filtration

1. effect on skin and organ exposure

2. effect on average beam energy

3. NCRP recommendations (NCRP

#102, minimum filtration in useful

beam)



EXPOSURE REDUCTION (cont.)

E. Equipment Features

1. last image hold

2. cumulative timer

3. magnification mode

4. dose mode

a. low dose

b. cine

c. high-level control

d. pulsed
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F. Pediatric Dose Reduction

G. Patient Positioning

1. impact on dose

2. patient immobilization devices

H. Dosimeters

1. types

2. proper use



EXPOSURE REDUCTION (cont.)

2. Personnel Protection (11)

A. Sources of Radiation Exposure

1. primary x-ray beam

2. secondary radiation

a. scatter

b. leakage

3. patient as source

B. Basic Methods of Protection

1. time

2. distance

3. shielding
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C. Protective Devices

1. protective drapes

2. Bucky slot cover

3. shields (e.g., aprons, gloves,

eye, face, floating, thyroid)

4. attenuation properties

D. Minimum Lead Equivalent (NCRP 

#102)



EXPOSURE REDUCTION (cont.)

E. Fluoroscopy Exposure Rates 
(NCRP #102, 21 CFR)

F. Recommendations for 
Personnel Monitoring (NCRP 
#116)

1. occupational exposure

2. public exposure

3. embryo/fetus exposure

4. ALARA and 

dose  equivalent limits

5. evaluation and maintenance

of personnel dosimetry 

records 34

G. Units of Measurement*

1. absorbed dose

2. dose equivalent

3. exposure

4. effective dose

H. Dosimeters

1. types

2. proper use

*Conventional units are generally 

used, however, questions referenced 

to specific reports (e.g., NCRP) will 

use SI units to be consistent with 

such reports



EQUIPMENT OPERATION

1. Image Receptors (4)

A. Image Intensifier

B. Flat Panel

2. Image Display (5)

A. Viewing Conditions (e.g.,                 
luminance, ambient lighting, eye     
physiology, ergonomics)

B. Spatial Resolution

C. Contrast Resolution/Dynamic      
Range

D. DICOM Gray Scale Function

E. Window Level and Width Function
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3. Recording Systems (5)

A. DSA (digital subtraction

angiography)

B. Cine

C. Image Capture

D. Spot Imaging (digital spot)



EQUIPMENT OPERATION (cont.)

4. Technical Factors (8)

A. kVp

B. mA

C. OID

D. SID

E. Focal Spot Size

F. Grids

G. Filtration

H. Beam Restriction

I. Automatic Brightness Control (ABC)

J. Automatic Exposure Control (AEC)
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K. Automatic Exposure Rate 

Control (AERC)

L. Anatomic Alignment

M. Exposure Compensation

N. Magnification Mode

O. Cine

P. Spot Imaging (digital spot)

Q. High Level Control (boost, 

high dose rate)

R. Pulse Rate



IMAGE EVALUATION, QUALITY 

CONTROL & PATIENT CONSIDERATIONS

Image Characteristics (4)
A. Spatial Resolution

1. sampling frequency
2. DEL (detector element size)
3. receptor size and matrix size

B. Image Signal (exposure related)
1. quantum mottle (noise)
2. SNR (signal to noise ratio) or

CNR (contrast to noise ratio)
Image Criteria (5)

A. Demonstration of Anatomical
Structures 
(e.g., positioning, motion)

B. Identification Markers
(e.g., anatomical, patient, date)

C. Patient Considerations
(e.g., pathologic conditions) 37

Recognition and Reporting of
Malfunctions (4)

A. Image Artifacts 
(e.g., gridlines, dead     
pixels, distortion)

B. Quality Control
1. display monitor
2. shielding accessory testing
(e.g., lead apron and glove
testing)

3. exposure rate output
4. spot imager
5. image quality       

(e.g., resolution)
C. Recording and Reporting of

Overexposure



IMAGE EVALUATION, QUALITY CONTROL 

& PATIENT CONSIDERATIONS (cont.)

Patient Care and Education (9)

A. Patient Identification and Procedure
Verification
B. Components of Informed Consent
C. Risk versus Benefit
D. Procedural Understanding to
Reduce Exposure
E. Procedure Radiation Exposure
(NCRP #160)
F. Cumulative Dose Education
G. Pregnancy Status (e.g. tests and
limitations)
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H. Contrast Reactions

1. allergy history

2. types of reactions (mild to

severe)

I. Patient Record Information

1. patient dose/technical factors

2. PACS

3. HIS

4. RIS

J. Standards of Care

K. HIPAA
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Forms and information are available from the 

California Department of Public Health -

Radiologic Health Branch:

http://www.cdph.ca.gov/pubsforms/forms/Pages/R

HBCertificationForms(HealingArts).aspx

Additional Resources



Related Links for more information

⚫ https://cmeca.community360.net/Activity/
3407742/Detail.aspx

⚫ http://www.asrt.org/main/continuing-
education/earn-ce/featured-ce-
courses/fluoroscopy-courses

⚫ https://www.asrt.org/main/continuing-
education/earn-ce

⚫ www.arrt.org
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https://cmeca.community360.net/Activity/3407742/Detail.aspx
http://www.asrt.org/main/continuing-education/earn-ce/featured-ce-courses/fluoroscopy-courses
https://www.asrt.org/main/continuing-education/earn-ce
http://www.arrt.org/
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Any questions?


