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§1020.30  Diagnostic x-ray systems and their major components.1

2

(a) Applicability--(1) The provisions of this section are applicable to:3

(i) The following components of diagnostic x-ray systems:4

(A) Tube housing assemblies, x-ray controls, x-ray high-voltage generators, x-ray tables,5

cradles, film changers, vertical cassette holders mounted in a fixed location and cassette holders6

with front panels, and beam-limiting devices manufactured after August 1, 1974.7

(B) Fluoroscopic imaging assemblies manufactured after August 1, 1974, and before April8

26, 1977.9

(C) Spot-film devices manufactured after April 26, 1977 and image intensifiers10

manufactured after April 26, 1977, and before (insert date 1 year after publication of final rule in11

the Federal register).12

(D) Cephalometric devices manufactured after February 25, 1978.13

(E) Image receptor support devices for mammographic x-ray systems manufactured after14

September 5, 1978.15

(F) Image receptors which are electrically powered or connected with the x-ray system16

manufactured on or after (insert date 1 year after publication of  final rule in the Federal register).17

(ii) Diagnostic x-ray systems, except computed tomography x-ray systems, incorporating18

one or more of such components; however, such x-ray systems shall be required to comply only19

with those provisions of this section and §§1020.31 and 1020.32 which relate to the components20

certified in accordance with paragraph (c) of this section and installed into the systems.21

(iii) Computed tomography (CT) x-ray systems manufactured before November 29, 1984.22

(iv) CT gantries manufactured after September 3, 1985.23



Draft Amendments  - September 8, 1998

2

(2) The following provisions of this section and §1020.33 are applicable to CT x-ray24

systems manufactured or remanufactured on or after November 29, 1984:25

(i) Section 1020.30(a);26

(ii) Section 1020.30(b) “Technique factors”;27

(iii) Section 1020.30(b) “CT,” “Dose,” “Scan,” “Scan time,’’ and “Tomogram”;28

(iv) Section 1020.30 (h)(3)(vi) through (h)(3)(viii);29

(v) Section 1020.30(n);30

(vi) Section 1020.33 (a) and (b);31

(vii) Section 1020.33(c)(1) as it affects Sec. 1020.33(c)(2); and32

(viii) Section 1020.33(c)(2).33

(3) The provisions of this section and §1020.33 in its entirety including those provisions in34

paragraph (a)(2) of this section, are applicable to CT x-ray systems manufactured or35

remanufactured on or after September 3, 1985. The date of manufacture of the CT system is the36

date of manufacture of the CT gantry.37

(b) Definitions. As used in this section and §§1020.31, 1020.32, and 1020.33, the following38

definitions apply:39

Accessible surface means the external surface of the enclosure or housing provided by the40

manufacturer.41

Accessory component means:42

(1) A component used with diagnostic x-ray systems, such as a cradle or film changer, that43

is not necessary for the compliance of the system with applicable provisions of this subchapter but44

which requires an initial determination of compatibility with the system; or45
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(2) A component necessary for compliance of the system with applicable provisions of this46

subchapter but which may be interchanged with similar compatible components without affecting47

the system's compliance, such as one of a set of interchangeable beam-limiting devices; or48

(3) A component compatible with all x-ray systems with which it may be used and that does49

not require compatibility or installation instructions, such as a tabletop cassette holder.50

Aluminum equivalent means the thickness of aluminum (type 1100 alloy)1  affording the51

same attenuation, under specified conditions as the material in question.52

Articulated joint means a joint between two separate sections of a tabletop which joint53

provides the capacity for one of the sections to pivot on the line segment along which the sections54

join.55

Assembler means any person engaged in the business of assembling, replacing, or installing56

one or more components into a diagnostic x-ray system or subsystem. The term includes the57

owner of an x-ray system or his or her employee or agent who assembles components into an58

x-ray system that is subsequently used to provide professional or commercial services.59

Attenuation block means a block or stack of type 1100 aluminum alloy or aluminum alloy60

having equivalent attenuation with dimensions 20 centimeters by 20 centimeters by 3.861

centimeters.62

63

1 The nominal chemical composition of type 1100 aluminum alloy is 99.00 percent minimum64

aluminum, 0.12 percent copper, as given in “Aluminum Standards and Data” (1969). Copies may65

be obtained from: The Aluminum Association, New York, NY.66
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Automatic exposure control means a device which automatically controls one or more67

technique factors in order to obtain at a preselected location(s) a required quantity of radiation.68

Automatic exposure rate control means a device which automatically controls one or more69

technique factors in order to obtain at a preselected location(s) a required quantity of radiation70

per unit time.71

Beam axis means a line from the source through the centers of the x-ray fields.72

Beam-limiting device means a device which provides a means to restrict the dimensions of73

the x-ray field.74

Cantilevered tabletop means a tabletop designed such that the unsupported portion can be75

extended at least 100 centimeters beyond the support.76

Cassette holder means a device, other than a spot-film device, that supports and/or fixes the77

position of an x-ray film cassette during an x-ray exposure.78

Cephalometric device means a device intended for the radiographic visualization and79

measurement of the dimensions of the human head.80

Coefficient of variation means the ratio of the standard deviation to the mean value of a81

population of observations. It is estimated using the following equation:82

83

where84

s = Estimated standard deviation of the population.85

X = Mean value of observations in sample.86

Xi = ith observation sampled.87

n = Number of observations sampled.88
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Computed tomography (CT) means the production of a tomogram by the acquisition and89

computer processing of x-ray transmission data.90

Control panel means that part of the x-ray control upon which are mounted the switches,91

knobs, pushbuttons, and other hardware necessary for manually setting the technique factors.92

Cooling curve means the graphical relationship between heat units stored and cooling time.93

Cradle means:94

(1) A removable device which supports and may restrain a patient above an x-ray table; or95

(2) A device;96

(i) Whose patient support structure is interposed between the patient and the image receptor97

during normal use;98

(ii) Which is equipped with means for patient restraint; and99

(iii) Which is capable of rotation about its long (longitudinal) axis.100

CT gantry means tube housing assemblies, beam-limiting devices, detectors, and the101

supporting structures, frames, and covers which hold and/or enclose these components.102

Diagnostic source assembly means the tube housing assembly with a beam-limiting device103

attached.104

Diagnostic x-ray system means an x-ray system designed for irradiation of any part of the105

human body for the purpose of diagnosis or visualization.106

Dose means the absorbed dose as defined by the International Commission on Radiation107

Units and Measurements. The absorbed dose, D, is the quotient of de by dm, where de is the108

mean energy imparted by ionizing radiation to matter of mass dm.109

Equipment means x-ray equipment.110
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Exposure means the quotient of dQ by dm where dQ is the absolute value of the total charge111

of the ions of one sign produced in air when all the electrons (negatrons and positrons) liberated112

by photons in a volume element of air having mass dm are completely stopped in air.113

Field emission equipment means equipment which uses an x-ray tube in which electron114

emission from the cathode is due solely to action of an electric field.115

Fluoroscopic imaging assembly means a subsystem in which x-ray photons produce a116

fluoroscopic image. It includes the image receptor(s) such as the image intensifier and spot-film117

device, set of fluoroscopic images or radiographic images recorded from the fluoroscopic image118

receptor.  It includes the x-ray receptor(s), electrical interlocks, if any, and structural material119

providing linkage between the image receptor and diagnostic source assembly.120

Fluoroscopy means a technique for generating x-ray images and presenting them121

instantaneously and continuously as visible images for the purpose of providing the user with a122

visual display of dynamic processes.123

General purpose radiographic x-ray system means any radiographic x-ray system which, by124

design, is not limited to radiographic examination of specific anatomical regions.125

Half-value layer (HVL) means the thickness of specified material which attenuates the beam126

of radiation to an extent such that the exposure air kerma  rate is reduced to one-half of its127

original value. In this definition the contribution of all scattered radiation, other than any which128

might be present initially in the beam concerned, is deemed to be excluded.129

Kerma means the quantity as defined by the International Commission on Radiation Units130

and Measurements.  The kerma, K, is the quotient of  dEtr by dm where dEtr is the sum of the131

initial kinetic energies of all the charged ionizing particles liberated by uncharged ionizing particles132

in a material of mass dm.133
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Image intensifier means a device, installed in its housing, which instantaneously converts an134

x-ray pattern into a corresponding light image of higher energy density.135

Image receptor means any device, such as a fluorescent screen, radiographic film, solid-state136

detector, or gaseous detector, which transforms incident x-ray photons either into a visible image137

or into another form which can be made into a visible image by further transformations. In those138

cases where means are provided to preselect a portion of the image receptor, the term “image139

receptor” shall mean the preselected portion of the device.140

Image receptor support means, for mammographic systems, that part of the system designed141

to support the image receptor in a horizontal plane during a mammographic examination.142

Isocenter means the center of a sphere described by the beam axis of a C-arm gantry moving143

through a full range of rotations.144

Leakage radiation means radiation emanating from the diagnostic source assembly except145

for:146

(1) The useful beam; and147

(2) Radiation produced when the exposure switch or timer is not activated.148

Leakage technique factors means the technique factors associated with the diagnostic149

source assembly which are used in measuring leakage radiation. They are defined as follows:150

(1) For diagnostic source assemblies intended for capacitor energy storage equipment, the151

maximum-rated peak tube potential and the maximum-rated number of exposures in an hour for152

operation at the maximum-rated peak tube potential with the quantity of charge per exposure153

being 10 millicoulombs (or 10 mAs) or the minimum obtainable from the unit, whichever is larger;154



Draft Amendments  - September 8, 1998

8

(2) For diagnostic source assemblies intended for field emission equipment rated for pulsed155

operation, the maximum-rated peak tube potential and the maximum-rated number of x-ray pulses156

in an hour for operation at the maximum-rated peak tube potential; and157

(3) For all other diagnostic source assemblies, the maximum-rated continuous tube current158

for the maximum-rated continuous tube current for the maximum-rated peak tube potential.159

Light field means that area of the intersection of the light beam from the beam-limiting160

device and one of the set of planes parallel to and including the plane of the image receptor,161

whose perimeter is the locus of points at which the illuminance is one-fourth of the maximum in162

the intersection.163

Line-voltage regulation means the difference between the no-load and the load line164

potentials expressed as a percent of the load line potential; that is, Percent line-voltage regulation165

= 100(Vn – Vi)166

Vi167

where:168

Vn = No-load line potential and169

Vi = Load line potential.170

171

Maximum line current means the root mean square current in the supply line of an x-ray172

machine operating at its maximum rating.173

Mode of operation for fluoroscopic systems means a distinct method of fluoroscopy or174

radiography selected with a set of technique factors or other control settings uniquely associated175

with the mode.  Examples of distinct modes of operation include normal fluoroscopy (analog or176

digital), high-level control fluoroscopy, cineradiography, digital cine radiography, digital177

subtraction angiography, electronic radiography using the fluoroscopic image receptor, and178
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photospot recording.  In a specific mode of operation, certain system variables affecting air179

kerma, air kerma rate, or image quality, such as image magnification, x-ray field size, pulse rate,180

pulse duration, number of pulses per exposure series, SID, or optical aperture, may be adjustable181

or may vary; their variation per se does not comprise a mode of operation different than the one182

that had been selected.183

Movable tabletop means a tabletop which, when assembled for use, is capable of movement184

with respect to its supporting structure within the plane of the tabletop.185

Nonimage-intensified fluoroscopy means fluoroscopy using only a fluorescent screen.186

Peak tube potential means the maximum value of the potential difference across the x-ray187

tube during an exposure.188

Primary protective barrier means the material, excluding filters, placed in the useful beam189

to reduce the radiation exposure for protection purposes.190

Pulsed mode means operation of the x-ray system such that the x-ray tube current is pulsed191

by the x-ray control to produce one or more exposure intervals of duration less than one-half192

second.193

Quick change x-ray tube means an x-ray tube designed for use in its associated tube housing194

such that:195

(1) The tube cannot be inserted in its housing in a manner that would result in196

noncompliance of the system with the requirements of paragraphs (k) and (m) of this section;197

(2) The focal spot position will not cause noncompliance with the provisions of this section198

or §1020.31 or §1020.32;199

(3) The shielding within the tube housing cannot be displaced; and200
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(4) Any removal and subsequent replacement of a beam-limiting device during reloading of201

the tube in the tube housing will not result in noncompliance of the x-ray system with the202

applicable field limitation and alignment requirements of §§1020.31 and 1020.32.203

Radiation therapy simulation system means a radiographic or fluoroscopic x-ray system204

intended for localizing the volume to be exposed during radiation therapy and confirming the205

position and size of the therapeutic irradiation field.206

Radiography means a technique for generating and recording an x-ray pattern for the207

purpose of providing the user with an image(s) after termination of the exposure.208

Rated line voltage means the range of potentials, in volts, of the supply line specified by the209

manufacturer at which the x-ray machine is designed to operate.210

Rated output current means the maximum allowable load current of the x-ray high-voltage211

generator.212

Rated output voltage means the allowable peak potential, in volts, at the output terminals of213

the x-ray high-voltage generator.214

Rating means the operating limits specified by the manufacturer.215

Recording means producing a permanent retrievable form of an image resulting from x-ray216

photons (e.g., film, videotape).217

Scan means the complete process of collecting x-ray transmission data for the production of218

a tomogram. Data may be collected simultaneously during a single scan for the production of one219

or more tomograms.220

Scan time means the period of time between the beginning and end of x-ray transmission221

data accumulation for a single scan.222
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Solid state x-ray imaging device means an array of small transducer elements, typically in a223

flat rectangular panel configuration, that intercepts x-ray photons, and through a single or224

multistage process converts the x-ray photon energy into a modulated electrical signal225

representative of the x-ray image.  The output electrical signals may undergo analog-to-digital226

conversion before leaving the device to provide either a fluoroscopic or radiographic image.227

Source means the focal spot of the x-ray tube.228

Source-image receptor distance (SID) means the distance from the source to the center of229

the input surface of the image receptor.230

Source-skin distance (SSD) means the distance from the source to the center of the entrant231

x-ray field in the plane tangent to the patient skin surface.232

Spot-film device means a device intended to transport and/or position a radiographic image233

receptor between the x-ray source and fluoroscopic image receptor. It includes a device intended234

to hold a cassette over the input end of an image intensifier for the purpose of a radiograph.235

Stationary tabletop means a tabletop which, when assembled for use, is incapable of236

movement with respect to its supporting structure within the plane of the tabletop.237

Technique factors means the following conditions of operation:238

(1) For capacitor energy storage equipment, peak tube potential in kilovolts (kV) and239

quantity of charge in milliamperes-seconds (mAs);240

(2) For field emission equipment rated for pulsed operation, peak tube potential in kV and241

number of x-ray pulses;242

(3) For CT equipment designed for pulsed operation, peak tube potential in kV, scan time in243

seconds, and either tube current in milliamperes (mA), x-ray pulse width in seconds, and the244
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number of x-ray pulses per scan, or the product of the tube current, x-ray pulse width, and the245

number of x-ray pulses in mAs;246

(4) For CT equipment not designed for pulsed operation, peak tube potential in kV, and247

either tube current in mA and scan time in seconds, or the product of tube current and exposure248

time in mAs and the scan time when the scan time and exposure time are equivalent; and249

(5) For all other equipment, peak tube potential in kV, and either tube current in mA and250

exposure time in seconds, or the product of tube current and exposure time in mAs.251

Tomogram means the depiction of the x-ray attenuation properties of a section through a252

body.253

Tube means an x-ray tube, unless otherwise specified.254

Tube housing assembly means the tube housing with tube installed. It includes high-voltage255

and/or filament transformers and other appropriate elements when they are contained within the256

tube housing.257

Tube rating chart means the set of curves which specify the rated limits of operation of the258

tube in terms of the technique factors.259

Useful beam means the radiation which passes through the tube housing port and the260

aperture of the beam-limiting device when the exposure switch or timer is activated.261

Variable-aperture beam-limiting device means a beam-limiting device which has the262

capacity for stepless adjustment of the x-ray field size at a given SID.263

Visible area means the portion of the input surface of the image receptor over which264

incident x-ray photons are producing a visible image.265

X-ray control means a device which controls input power to the x-ray high-voltage266

generator and/or the x-ray tube. It includes equipment such as timers, phototimers, automatic267
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brightness stabilizers, and similar devices, which control the technique factors of an x-ray268

exposure.269

X-ray equipment means an x-ray system, subsystem, or component thereof. Types of x-ray270

equipment are as follows:271

(1) Mobile x-ray equipment means x-ray equipment mounted on a permanent base with272

wheels and/or casters for moving while completely assembled;273

(2) Portable x-ray equipment means x-ray equipment designed to be hand-carried; and274

(3) Stationary x-ray equipment means x-ray equipment which is installed in a fixed location.275

X-ray field means that area of the intersection of the useful beam and any one of the set of276

planes parallel to and including the plane of the image receptor, whose perimeter is the locus of277

points at which the exposure air kerma  rate is one-fourth of the maximum in the intersection.278

X-ray high-voltage generator means a device which transforms electrical energy from the279

potential supplied by the x-ray control to the tube operating potential. The device may also280

include means for transforming alternating current to direct current, filament transformers for the281

x-ray tube(s), high-voltage switches, electrical protective devices, and other appropriate elements.282

X-ray system means an assemblage of components for the controlled production of x-rays. It283

includes minimally an x-ray high-voltage generator, an x-ray control, a tube housing assembly, a284

beam-limiting device, and the necessary supporting structures. Additional components which285

function with the system are considered integral parts of the system.286

X-ray subsystem means any combination of two or more components of an x-ray system for287

which there are requirements specified in this section and §§1020.31 and 1020.32.288

X-ray table means a patient support device with its patient support structure (tabletop)289

interposed between the patient and the image receptor during radiography and/or fluoroscopy.290
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This includes, but is not limited to, any stretcher equipped with a radiolucent panel and any table291

equipped with a cassette tray (or bucky), cassette tunnel, image intensifier, or spot-film device292

beneath the tabletop.293

X-ray tube means any electron tube which is designed for the conversion of electrical energy294

into x-ray energy.295

(c) Manufacturers' responsibility. Manufacturers of products subject to §§1020.30 through296

1020.33 shall certify that each of their products meet all applicable requirements when installed297

into a diagnostic x-ray system according to instructions. This certification shall be made under the298

format specified in §1010.2 of this chapter.  Manufacturers may certify a combination of two or299

more components if they obtain prior authorization in writing from the Director of the Office of300

Compliance and Surveillance of the Center for Devices and Radiological Health.  Manufacturers301

shall not be held responsible for noncompliance of their products if that noncompliance is due302

solely to the improper installation or assembly of that product by another person; however,303

manufacturers are responsible for providing assembly instructions adequate to assure compliance304

of their components with the applicable provisions of  §§1020.30 through 1020.33.305

(d) Assemblers' responsibility. An assembler who installs one or more components certified306

as required by paragraph (c) of this section shall install certified components that are of the type307

required by §§1020.31, 1020.32, or 1020.33 and shall assemble, install, adjust, and test the308

certified components according to the instructions of their respective manufacturers. Assemblers309

shall not be liable for noncompliance of a certified component if the assembly of that component310

was according to the component manufacturer's instruction.311

(1) Reports of assembly. All assemblers who install certified components shall file a report312

of assembly, except as specified in paragraph (d)(2) of this section. The report will be construed313
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as the assembler's certification and identification under §§1010.2 and 1010.3 of this chapter. The314

assembler shall affirm in the report that the manufacturer's instructions were followed in the315

assembly or that the certified components as assembled into the system meet all applicable316

requirements of §§1020.30 through 1020.33. All assembler reports must be on a form prescribed317

by and available from the Director, Center for Devices and Radiological Health, 5600 Fishers318

Lane, Rockville, MD 20857. Completed reports must be submitted to the Director, the purchaser,319

and, where applicable, to the State agency responsible for radiation protection within 15 days320

following completion of the assembly.321

(2) Exceptions to reporting requirements. Reports of assembly need not be submitted for322

any of the following:323

(i) Reloaded or replacement tube housing assemblies that are reinstalled in or newly324

assembled into an existing x-ray system;325

(ii) Certified accessory components that have been identified as such to the Center for326

Devices and Radiological Health in the report required under §1002.10 of this chapter;327

(iii) Repaired components, whether or not removed from the system and reinstalled during328

the course of repair, provided the original installation into the system was reported; or329

(iv) Components installed temporarily in an x-ray system in place of components removed330

temporarily for repair, provided the temporarily installed component is identified by a tag or label331

bearing the following information:332

333

334
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              Temporarily Installed Component335

336

This certified component has been assembled, installed, adjusted, and tested by me337

according to the instructions provided by the manufacturer.338

Signature339

Company Name340

Street Address, P.O. Box341

City, State, Zip Code342

Date of Installation343

344

The replacement of the temporarily installed component by a component other than the345

component originally removed for repair shall be reported as specified in paragraph (d)(1) of this346

section.347

(e) Identification of x-ray components. In addition to the identification requirements348

specified in §1010.3 of this chapter, manufacturers of components subject to this section and349

§§1020.31, 1020.32, and 1020.33, except high-voltage generators contained within tube housings350

and beam-limiting devices that are integral parts of tube housings, shall permanently inscribe or351

affix thereon the model number and serial number of the product so that they are legible and352

accessible to view. The word “model” or “type” shall appear as part of the manufacturer's353

required identification of certified x-ray components.  Where the certification of a system or354

subsystem, consisting of two or more components, has been authorized pursuant to paragraph (c)355

of this section, a single inscription, tag, or label bearing the model number and serial number may356

be used to identify the product.357
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(1) Tube housing assemblies. In a similar manner, manufacturers of tube housing assemblies358

shall also inscribe or affix thereon the name of the manufacturer, model number, and serial number359

of the x-ray tube which the tube housing assembly incorporates.360

(2) Replacement of tubes. Except as specified in paragraph (e)(3) of this section, the361

replacement of an x-ray tube in a previously manufactured tube housing assembly certified362

pursuant to paragraph (c) of this section constitutes manufacture of a new tube housing assembly,363

and the manufacturer is subject to the provisions of paragraph (e)(1) of this section. The364

manufacturer shall remove, cover, or deface any previously affixed inscriptions, tags, or labels,365

that are no longer applicable.366

(3) Quick-change x-ray tubes. The requirements of paragraph (e)(2) of this section shall not367

apply to tube housing assemblies designed and designated by their original manufacturer to368

contain quick change x-ray tubes. The manufacturer of quick-change x-ray tubes shall include369

with each replacement tube a label with the tube manufacturer's name, the model, and serial370

number of the x-ray tube. The manufacturer of the tube shall instruct the assembler who installs371

the new tube to attach the label to the tube housing assembly and to remove, cover, or deface the372

previously affixed inscriptions, tags, or labels that are described by the tube manufacturer as no373

longer applicable.374

(f) [Reserved]375

(g) Information to be provided to assemblers. Manufacturers of components listed in376

paragraph (a)(1) of this section shall provide to assemblers subject to paragraph (d) of this section377

and, upon request, to others at a cost not to exceed the cost of publication and distribution,378

instructions for assembly, installation, adjustment, and testing of such components adequate to379

assure that the products will comply with applicable provisions of this section and §§1020.31,380
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1020.32, and 1020.33, when assembled, installed, adjusted, and tested as directed. Such381

instructions shall include specifications of other components compatible with that to be installed382

when compliance of the system or subsystem depends on their compatibility. Such specifications383

may describe pertinent physical characteristics of the components and/or may list by manufacturer384

model number the components which are compatible. For x-ray controls and generators385

manufactured after May 3, 1994, manufacturers shall provide:386

(1) A statement of the rated line voltage and the range of line-voltage regulation for387

operation at maximum line current;388

(2) A statement of the maximum line current of the x-ray system based on the maximum389

input voltage and current characteristics of the tube housing assembly compatible with rated390

output voltage and rated output current characteristics of the x-ray control and associated391

high-voltage generator. If the rated input voltage and current characteristics of the tube housing392

assembly are not known by the manufacturer of the x-ray control and associated high-voltage393

generator, he the manufacturer shall provide information necessary to allow the assembler to394

determine the maximum line current for the particular tube housing assembly(ies);395

(3) A statement of the technique factors that constitute the maximum line current condition396

described in paragraph (g)(2) of this section.397

(h) Information to be provided to users. Manufacturers of x-ray equipment shall provide to398

purchasers and, upon request, to others at a cost not to exceed the cost of publication and399

distribution, manuals or instruction sheets which shall include the following technical and safety400

information:401

(1) All x-ray equipment. For x-ray equipment to which this section and §§1020.31, 1020.32,402

and 1020.33 are applicable, there shall be provided:403
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(i) Adequate instructions concerning any radiological safety procedures and precautions404

which may be necessary because of unique features of the equipment; and405

(ii) A schedule of the maintenance necessary to keep the equipment in compliance with this406

section and §§1020.31, 1020.32, and 1020.33.407

(2) Tube housing assemblies. For each tube housing assembly, there shall be provided:408

(i) Statements of the leakage technique factors for all combinations of tube housing409

assemblies and beam-limiting devices for which the tube housing assembly manufacturer states410

compatibility, the minimum filtration permanently in the useful beam expressed as millimeters of411

aluminum equivalent, and the peak tube potential at which the aluminum equivalent was obtained;412

(ii) Cooling curves for the anode and tube housing; and413

(iii) Tube rating charts. If the tube is designed to operate from different types of x-ray414

high-voltage generators (such as single-phase self rectified, single-phase half-wave rectified,415

single-phase full-wave rectified, 3-phase 6-pulse, 3-phase 12-pulse, constant potential, capacitor416

energy storage) or under modes of operation such as alternate focal spot sizes or speeds of anode417

rotation which affect its rating, specific identification of the difference in ratings shall be noted.418

(3) X-ray controls and generators. For the x-ray control and associated x-ray high-voltage419

generator, there shall be provided:420

(i) A statement of the rated line voltage and the range of line-voltage regulation for421

operation at maximum line current;422

(ii) A statement of the maximum line current of the x-ray system based on the maximum423

input voltage and output current characteristics of the tube housing assembly compatible with424

rated output voltage and rated current characteristics of the x-ray control and associated425

high-voltage generator. If the rated input voltage and current characteristics of the tube housing426
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assembly are not known by the manufacturer of the x-ray control and associated high-voltage427

generator, the manufacturer shall provide necessary information to allow the purchaser to428

determine the maximum line current for his particular tube housing assembly(ies);429

(iii) A statement of the technique factors that constitute the maximum line current condition430

described in paragraph (h)(3)(ii) of this section;431

(iv) In the case of battery-powered generators, a specification of the minimum state of432

charge necessary for proper operation;433

(v) Generator rating and duty cycle;434

(vi) A statement of the maximum deviation from the preindication given by labeled435

technique factor control settings or indicators during any radiographic or CT exposure where the436

equipment is connected to a power supply as described in accordance with this paragraph. In the437

case of fixed technique factors, the maximum deviation from the nominal fixed value of each438

factor shall be stated;439

(vii) A statement of the maximum deviation from the continuous indication of x-ray tube440

potential and current during any fluoroscopic exposure when the equipment is connected to a441

power supply as described in accordance with this paragraph; and442

(viii) A statement describing the measurement criteria for all technique factors used in443

paragraphs (h)(3)(iii), (h)(3)(vi), and (h)(3)(vii) of this section; for example, the beginning and444

endpoints of exposure time measured with respect to a certain percentage of the voltage445

waveform.446

(4) Beam-limiting device. For each variable-aperture beam-limiting device, there shall be447

provided;448
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(i) Leakage technique factors for all combinations of tube housing assemblies and449

beam-limiting devices for which the beam-limiting device manufacturer states compatibility; and450

(ii) A statement including the minimum aluminum equivalent of that part of the device451

through which the useful beam passes and including the x-ray tube potential at which the452

aluminum equivalent was obtained.  When two or more filters are provided as part of the device,453

the statement shall include the aluminum equivalent of each filter.454

(5) Imaging system information-- For x-ray systems manufactured on or after (insert date 1455

year after publication of final rule in the Federal register) that produce images using the456

fluoroscopic image receptor, the following information shall be provided in a separate single457

section of the user's instruction manual or in a separate manual devoted to this information:458

(i) For each mode of operation, a description of the mode and detailed instructions on how459

the mode is engaged and disengaged.  This information shall include how the operator can460

recognize which mode of operation has been selected prior to initiation of x-ray production.461

(ii) For each mode of operation, a description of any specific clinical procedure(s) and462

clinical imaging task(s) for which the mode is recommended or designed to address and how each463

mode should be used.464

(iii) For each mode of operation, the air kerma rate or air kerma per frame, as appropriate,465

for a specific phantom or specific amount of attenuating material providing x-ray attenuation466

representative of the attenuation of a typical patient.  The system settings or technique factors467

shall correspond to the settings normally used to image a typical patient.  The specifications of the468

phantom or attenuating material shall also be provided, including the patient size it is intended to469

simulate.470
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(iv) For each mode of operation a description, if applicable, of how the operator can change471

any system technique factor or parameter within the mode and how these changes affect the air472

kerma rate or the air kerma per frame, including the range over which air kerma rate or air kerma473

per frame may vary.  The requirements of this section can be met with a table, graph, or written474

explanation.475

(v) During measurement of air kerma rate and air kerma per frame, the measurement476

geometry of §1020.32(d)(7) shall be used with the specified phantom in the beam.  Measurements477

shall be made under conditions approximating free-in-air irradiation, i.e., in ways to preclude478

significant back-scatter contributions from the phantom.  The provided air kerma rate and air479

kerma per frame values shall include a statement of the maximum deviation of actual values from480

the values specified.481

(6) Displays of values of air kerma rate and cumulative air kerma.  For x-ray systems482

manufactured on or after (insert date one year from date of publication of the final rule in the483

Federal Register) which display values of the air kerma rate and cumulative air kerma according484

to §1020.32(k), there shall be provided485

(i) A statement of the maximum deviations of the air kerma rate and cumulative air kerma486

from their respective displayed values;487

(ii)  Instructions for calibrating and maintaining any instrumentation associated with488

measurement or evaluation of the air kerma rate and cumulative air kerma;489

(iii) Identification of the spatial coordinates of the irradiation location(s) to which displayed490

values of air kerma rate and cumulative air kerma refer according to §1020.32(k)(5);491



Draft Amendments  - September 8, 1998

23

(iv) A rationale for specification of a reference irradiation location alternative to 15 cm from492

the isocenter toward the x-ray source along the beam axis when such alternative specification is493

made according to §1020.32(k)(5)(ii).494

(i) [Reserved]495

(j) Warning label. The control panel containing the main power switch shall bear the496

warning statement, legible and accessible to view:497

498

“Warning: This x-ray unit may be dangerous to patient and operator unless safe exposure499

factors and operating instructions are observed.”500

501

(k) Leakage radiation from the diagnostic source assembly. The leakage radiation from the502

diagnostic source assembly measured at a distance of 1 meter in any direction from the source503

shall not exceed 2.58 x 10<SUP>-5</SUP> coulombs per kilogram (C/kg) (100 0.88 mGy air504

kerma (vice 100 milliroentgen (mR) exposure) milliroentgens (mR))  in 1 hour when the x-ray505

tube is operated at the leakage technique factors. If the maximum rated peak tube potential of the506

tube housing assembly is greater than the maximum rated peak tube potential for the diagnostic507

source assembly, positive means shall be provided to limit the maximum x-ray tube potential to508

that of the diagnostic source assembly. Compliance shall be determined by measurements509

averaged over an area of 100 square centimeters with no linear dimension greater than 20510

centimeters.511

(l) Radiation from components other than the diagnostic source assembly. The radiation512

emitted by a component other than the diagnostic source assembly shall not exceed 5.16 x513
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 10-7 C/kg (2 mR) an air kerma of 18 µGy (vice 2 mR exposure) in 1 hour at 5 centimeters from514

any accessible surface of the component when it is operated in an assembled x-ray system under515

any conditions for which it was designed. Compliance shall be determined by measurements516

averaged over an area of 100 square centimeters with no linear dimension greater than 20517

centimeters.518

(m) Beam quality--(1) Half-value layer. The half-value layer (HVL) of the useful beam for a given519

x-ray tube potential shall not be less than the appropriate value shown in Table I under “Specified520

dental systems,” for any dental x-ray system designed for use with intraoral image receptors and521

manufactured after December 1, 1980; and under “I - Other x-ray systems,” for any dental x-ray522

system designed for use with intraoral image receptors and manufactured before or on December523

1, 1980 and all other x-ray systems subject to this section and manufactured before or on (insert524

date 1 year after publication of final rule in the Federal Register); and under “II - Other x-ray525

systems,” for all x-ray systems except dental x-ray systems subject to this section and526

manufactured after (insert date 1 year after publication of final rule in the Federal Register).   If it527

is necessary to determine such HVL at an x-ray tube potential which is not listed in Table I, linear528

interpolation or extrapolation may be made. Positive means2  shall be provided to insure that at529

least the minimum filtration needed to achieve the above beam quality requirements is in the useful530

beam during each exposure.531

_________________________________________________________________________532

2 In the case of a system which is to be operated with more than one thickness of filtration,

this requirement can be met by a filter interlock with the kilovoltage selector which will prevent

x-ray emission if the minimum required filtration is not in place.
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Table I533

X-ray tube voltage (kilovolt peak)                   Minimum HVL534

                                                                                               (millimeters of aluminum)535

536

 Designed operating range                     Measured        Specified         Other X-537

                                    operating   dental              ray538

                                                                        potential          systems            systems539

---------------------------------------------------------------------------------------------------------540

Below 51..........................         30              1.5                   0.3541

                                           40         1.5                   0.4542

                                          50                    1.5                   0.5543

51 to 70...............................    51                    1.5                   1.2544

                                           60                    1.5                   1.3545

                                           70       1.5                   1.5546

Above 70...............................    71                    2.1                   2.1547

                                           80                    2.3                   2.3548

                                           90                    2.5                   2.5549

                                          100                  2.7                   2.7550

                                         110                  3.0                   3.0551

                                          120                  3.2                   3.2552

                                          130                  3.5                   3.5553

                                          140                  3.8                   3.8554

                                          150                  4.1                   4.1555

556

557
558
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559
X-ray tube voltage (kilovolt peak) Minimum HVL (mm of aluminum)

       Designed

Operating range

       Measured

Operating potential

     Specified

dental systems1

    I - Other

x-ray systems2

              II – Other

x-ray systems except dental3

Below 51 30 1.5 0.3 0.3

40 1.5 0.4 0.4

50 1.5 0.5 0.5

51 to 70 51 1.5 1.2 1.3

60 1.5 1.3 1.5

70 1.5 1.5 1.8

Above 70 71 2.1 2.1 2.4

80 2.3 2.3 2.8

90 2.5 2.5 3.2

100 2.7 2.7 3.6

110 3.0 3.0 4.1

120 3.2 3.2 4.5

130 3.5 3.5 5.0

140 3.8 3.8 5.4

150 4.1 4.1 5.9

(footnotes to be at bottom of Table)560

1 - Dental x-ray system designed for use with intraoral image receptors and manufactured561

after December 1, 1980.562

2 - Dental x-ray system designed for use with intraoral image receptors and manufactured563

before or on December 1, 1980 and all other x-ray systems subject to this section and564

manufactured before or on (insert date 1 year after publication of final rule in the Federal565

Register).566



Draft Amendments  - September 8, 1998

27

3 - All x-ray systems except dental x-ray systems subject to this section and manufactured567

after (insert date 1 year after publication of final rule in the Federal Register).568

569

(2) Fluoroscopic systems incorporating an  x-ray tube(s) with a continuous output of 1570

kilowatt or more and an anode heat storage capacity of 1 million heat units or more shall provide571

the means to add x-ray filtration to the diagnostic source assembly over and above the amount572

needed to meet the half-value layer provisions of §1020.30(m)(1).573

(3) Measuring compliance. For capacitor energy storage equipment, compliance shall be574

determined with the maximum selectable quantity of charge per exposure.575

(n) Aluminum equivalent of material between patient and image receptor. Except when576

used in a CT x-ray system, the aluminum equivalent of each of the items listed in Table II, which577

are used between the patient and image receptor, may not exceed the indicated Compliancelimits.578

For items manufactured before or on (insert date 1 year after publication of final rule in the579

Federal Register) compliance shall be determined by x-ray measurements made at a potential of580

100 kilovolts peak and with an x-ray beam that has a HVL of 2.7 millimeters of aluminum. For581

items manufactured after (insert date 1 year after publication of final rule in the Federal Register)582

compliance shall be determined by x-ray measurements made at a potential of 100 kilovolts peak583

and with an x-ray beam that has a HVL of 3.6 millimeters of aluminum. This requirement applies584

to front panel(s) of cassette holders and film changers provided by the manufacturer for patient585

support or for prevention of foreign object intrusions. It does not apply to screens and their586

associated mechanical support panels or grids.587
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                Table II588

---------------------------------------------------------------------------------------------------------589

                          Aluminum590

                          Item                                    equivalent591

                                                               (millimeters)592

----------------------------------------------------------------------------------------------------------593

Front panel(s) of cassette holder (total of all).....………….. 1.0594

Front panel(s) of film changer (total of all)........………….. 1.0595

Cradle...............................................……………… 2.0596

Tabletop, stationary, without articulated joint(s)....……….. 1.0597

Tabletop, movable, without articulated joint(s)598

 (including stationary subtop)........................…………… 1.5599

Tabletop, with radiolucent panel having one articulated600

 joint................................................…………… 1.5601

Tabletop, with radiolucent panel having two or more602

 articulated joints...................................…………… 2.0603

Tabletop, cantilevered................................……….. 2.0604

Tabletop, radiation therapy simulator.................……….. 5.0605

--------------------------------------------------------------------------------------------------------606

607

(o) Battery charge indicator. On battery-powered generators, visual means shall be608

provided on the control panel to indicate whether the battery is in a state of charge adequate for609

proper operation.610
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(p) [Reserved]611

(q) Modification of certified diagnostic x-ray components and systems--(1) Diagnostic612

x-ray components and systems certified in accordance with §1010.2 of this chapter shall not be613

modified such that the component or system fails to comply with any applicable provision of this614

chapter unless a variance in accordance with §1010.4 of this chapter or an exemption under615

sections 358(a)(5) or 360B(b) of the Public Health Service Act has been granted.616

(2) The owner of a diagnostic x-ray system who uses the system in a professional or617

commercial capacity may modify the system, provided the modification does not result in the618

failure of the system or component to comply with the applicable requirements of this section or619

of  §1020.31, §1020.32, or §1020.33. The owner who causes such modification need not submit620

the reports required by subpart B of part 1002 of this chapter, provided the owner records the621

date and the details of the modification, and provided the modification of the x-ray system does622

not result in a failure to comply with §§1020.31, 1020.32, or. 1020.33.623

624

§1020.31  Radiographic equipment.625

626

The provisions of this section apply to equipment for the recording of images, except627

equipment involving use of an image intensifier for fluoroscopic imaging and for radiographic628

imaging when images are recorded from the fluoroscopic image receptor or computed629

tomography x-ray systems manufactured on or after November 28, 1984.630

(a) Control and indication of technique factors--(1) Visual indication. The technique factors631

to be used during an exposure shall be indicated before the exposure begins, except when632

automatic exposure controls are used, in which case the technique factors which are set prior to633
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the exposure shall be indicated. On equipment having fixed technique factors, this requirement634

may be met by permanent markings.  Indication of technique factors shall be visible from the635

operator's position except in the case of spot films made by the fluoroscopist.636

(2) Timers. Means shall be provided to terminate the exposure at a preset time interval, a637

preset product of current and time, a preset number of pulses, or a preset radiation exposure to638

the image receptor.639

(i) Except during serial radiography, the operator shall be able to terminate the exposure at640

any time during an exposure of greater than one-half second. Termination of exposure shall cause641

automatic resetting of the timer to its initial setting or to zero. It shall not be possible to make an642

exposure when the timer is set to a zero or off position if either position is provided.643

(ii) During serial radiography, the operator shall be able to terminate the x-ray exposure(s)644

at any time, but means may be provided to permit completion of any single exposure of the series645

in process.646

(3) Automatic exposure controls. When an automatic exposure control is provided:647

(i) Indication shall be made on the control panel when this mode of operation is selected;648

(ii) When the x-ray tube potential is equal to or greater than 51 kilovolts peak (kVp), the649

minimum exposure time for field emission equipment rated for pulsed operation shall be equal to650

or less than a time interval equivalent to two pulses and the minimum exposure time for all other651

equipment shall be equal to or less than 1/60 second or a time interval required to deliver 5652

milliamperes-seconds (mAs), whichever is greater;653

(iii) Either the product of peak x-ray tube potential, current, and exposure time shall be654

limited to not more than 60 kilowatt-seconds (kW's) per exposure or the product of x-ray tube655

current and exposure time shall be limited to not more than 600 mAs per exposure, except when656
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the x-ray tube potential is less than 51 kVp, in which case the product of x-ray tube current and657

exposure time shall be limited to not more than 2,000 mAs per exposure; and658

(iv) A visible signal shall indicate when an exposure has been terminated at the limits659

described in paragraph (a)(3)(iii) of this section, and manual resetting shall be required before660

further automatically timed exposures can be made.661

(4) Accuracy. Deviation of technique factors from indicated values shall not exceed the662

limits given in the information provided in accordance with §1020.30(h)(3);663

(b) Reproducibility. The following requirements shall apply when the equipment is operated664

on an adequate power supply as specified by the manufacturer in accordance with the665

requirements of §1020.30(h)(3);666

(1) Coefficient of variation. For any specific combination of selected technique factors, the667

estimated coefficient of variation of radiation exposures the air kerma shall be no greater than668

0.05.669

(2) Measuring compliance. Determination of compliance shall be based on 10 consecutive670

measurements taken within a time period of 1 hour.671

Equipment manufactured after September 5, 1978, shall be subject to the additional672

requirement that all variable controls for technique factors shall be adjusted to alternate settings673

and reset to the test setting after each measurement. The percent line-voltage regulation shall be674

determined for each measurement. All values for percent line-voltage regulation shall be within ±1675

of the mean value for all measurements. For equipment having automatic exposure controls,676

compliance shall be determined with a sufficient thickness of attenuating material in the useful677

beam such that the technique factors can be adjusted to provide individual exposures of a678
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minimum of 12 pulses on field emission equipment rated for pulsed operation or no less than679

one-tenth second per exposure on all other equipment.680

(c) Linearity. The following requirements apply when the equipment is operated on a power681

supply as specified by the manufacturer in accordance with the requirements of  §1020.30(h)(3)682

for any fixed x-ray tube potential within the range of 40 percent to 100 percent of the maximum683

rated.684

(1) Equipment having independent selection of x-ray tube current (mA). The average ratios685

of exposure air kerma to the indicated milliampere-seconds product (C/kg/mAs (or mR/mAs))686

(mGy/mAs) obtained at any two consecutive tube current settings shall not differ by more than687

0.10 times their sum. This is: |X1 - X2|≤0.10(X1+X2); where X1 and X2 are the average C/kg/mAs688

(or mR/mAs) mGy/mAs  values obtained at each of two consecutive tube current settings or at689

two settings differing by no more than a factor of 2 where the tube current selection is continuous690

(2) Equipment having selection of x-ray tube current-exposure time product (mAs). For691

equipment manufactured after May 3, 1994 the average ratios of exposure air kerma to the692

indicated milliampere-seconds product (C/kg/mAs (or mR/mAs)) (mGy/mAs) obtained at any two693

consecutive mAs selector settings shall not differ by more than 0.10 times their sum. This is:694

|X1-X2|≤ 0.10(X1+X2); where X1 and X2 are the average C/kg/mAs (or mR/mAs) mGy/mAs695

values obtained at each of two consecutive mAs selector settings or at two settings differing by no696

more than a factor of 2 where the mAs selector provides continuous selection.697

(3) Measuring compliance. Determination of compliance will be based on 10 exposures,698

made within ±1 hour, at each of the two settings. These two settings may include any two focal699

spot sizes except where one is equal to or less than 0.45 millimeters and the other is greater than700

0.45 millimeters. For purposes of this requirement, focal spot size is the focal spot size specified701
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by the x-ray tube manufacturer. The percent line-voltage regulation shall be determined for each702

measurement. All values for percent line-voltage regulation at any one combination of technique703

factors shall be within ±1 of the mean value for all measurements at these technique factors.704

(d) Field limitation and alignment for mobile, portable, and stationary general purpose705

x-ray systems. Except when spot-film devices or special attachments for mammography are in706

service, mobile, portable, and stationary general purpose radiographic x-ray systems shall meet the707

following requirements:708

(1) Variable x-ray field limitation. A means for stepless adjustment of the size of the x-ray709

field shall be provided. Each dimension of the minimum field size at an SID of 100 centimeters710

shall be equal to or less than 5 centimeters.711

(2) Visual definition. (i) Means for visually defining the perimeter of the x-ray field shall be712

provided. The total misalignment of the edges of the visually defined field with the respective713

edges of the x-ray field along either the length or width of the visually defined field shall not714

exceed 2 percent of the distance from the source to the center of the visually defined field when715

the surface upon which it appears is perpendicular to the axis of the x-ray beam.716

(ii) When a light localizer is used to define the x-ray field, it shall provide an average717

illuminance of not less than 160 lux (15 footcandles) at 100 centimeters or at the maximum SID,718

whichever is less. The average illuminance shall be based upon measurements made in the719

approximate center of each quadrant of the light field. Radiation therapy simulation systems are720

exempt from this requirement.721

(iii) The edge of the light field at 100 centimeters or at the maximum SID, whichever is less,722

shall have a contrast ratio, corrected for ambient lighting, of not less than 4 in the case of723

beam-limiting devices designed for use on stationary equipment, and a contrast ratio of not less724
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than 3 in the case of beam-limiting devices designed for use on mobile and portable equipment.725

The contrast ratio is defined as I1 I2, where I1 is the illuminance 3 millimeters from the edge of the726

light field toward the center of the field; and I2 is the illuminance 3 millimeters from the edge of727

the light field away from the center of the field. Compliance shall be determined with a measuring728

aperture of 1 millimeter.729

(e) Field indication and alignment on stationary general purpose x-ray equipment. Except730

when spot-film devices or special attachments for mammography are in service, stationary general731

purpose x-ray systems shall meet the following requirements in addition to those prescribed in732

paragraph (d) of this section:733

(1) Means shall be provided to indicate when the axis of the x-ray beam is perpendicular to734

the plane of the image receptor, to align the center of the x-ray field with respect to the center of735

the image receptor to within 2 percent of the SID, and to indicate the SID to within 2 percent;736

(2) The beam-limiting device shall numerically indicate the field size in the plane of the737

image receptor to which it is adjusted;738

(3) Indication of field size dimensions and SID's shall be specified in centimeters and/or739

inches and shall be such that aperture adjustments result in x-ray field dimensions in the plane of740

the image receptor which correspond to those indicated by the beam-limiting device to within 2741

percent of the SID when the beam axis is indicated to be perpendicular to the plane of the image742

receptor; and743

(4) Compliance measurements will be made at discrete SID's and image receptor dimensions744

in common clinical use (such as SID's of 100, 150, and 200 centimeters and/or 36, 40, 48, and 72745

inches and nominal image receptor dimensions of 13, 18, 24, 30, 35, 40, and 43 centimeters746
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and/or 5, 7, 8, 9, 10, 11, 12, 14, and 17 inches) or at any other specific dimensions at which the747

beam-limiting device or its associated diagnostic x-ray system is uniquely designed to operate.748

(f) Field limitation on radiographic x-ray equipment other than general purpose749

radiographic systems--(1) Equipment for use with intraoral image receptors. Radiographic750

equipment designed for use with an intraoral image receptor shall be provided with means to limit751

the x-ray beam such that:752

(i) If the minimum source-to-skin distance (SSD) is 18 centimeters or more, the x-ray field753

at the minimum SSD shall be containable in a circle having a diameter of no more than 7754

centimeters; and755

(ii) If the minimum SSD is less than 18 centimeters, the x-ray field at the minimum SSD756

shall be containable in a circle having a diameter of no more than 6 centimeters.757

(2) X-ray systems designed for one image receptor size. Radiographic equipment designed758

for only one image receptor size at a fixed SID shall be provided with means to limit the field at759

the plane of the image receptor to dimensions no greater than those of the image receptor, and to760

align the center of the x-ray field with the center of the image receptor to within 2 percent of the761

SID or shall be provided with means to both size and align the x-ray field such that the x-ray field762

at the plane of the image receptor does not extend beyond any edge of the image receptor.763

(3) Systems designed for or provided with special attachments for mammography.764

Radiographic systems designed only for mammography and general purpose radiographic765

systems, when special attachments for mammography are in service, shall be provided with means766

to limit the useful beam such that the x-ray field at the plane of the image receptor does not767

extend beyond any edge of the image receptor at any designated SID except the edge of the image768

receptor designed to be adjacent to the chest wall where the x-ray field may not extend beyond769
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this edge by more than 2 percent of the SID. This requirement can be met with a system which770

performs as prescribed in paragraphs (f)(4)(i), (f)(4)(ii), and (f)(4)(iii) of this section. When the771

beam-limiting device and image receptor support device are designed to be used to immobilize the772

breast during a mammographic procedure and the SID may vary, the SID indication specified in773

paragraphs (f)(4)(ii) and (f)(4)(iii) of this section shall be the maximum SID for which the774

beam-limiting device or aperture is designed. In addition, each image receptor support intended775

for installation on a system designed only for mammography shall have clear and permanent776

markings to indicate the maximum image receptor size for which it is designed.777

(4) Other x-ray systems. Radiographic systems not specifically covered in paragraphs (d),778

(e), (f)(2), (f)(3), and (h) of this section and systems covered in paragraph (f)(1) of this section,779

which are also designed for use with extraoral image receptors and when used with an extraoral780

image receptor, shall be provided with means to limit the x-ray field in the plane of the image781

receptor so that such field does not exceed each dimension of the image receptor by more than 2782

percent of the SID, when the axis of the x-ray beam is perpendicular to the plane of the image783

receptor. In addition, means shall be provided to align the center of the x-ray field with the center784

of the image receptor to within 2 percent of the SID, or means shall be provided to both size and785

align the x-ray field such that the x-ray field at the plane of the image receptor does not extend786

beyond any edge of the image receptor.787

These requirements may be met with:788

(i) A system which performs in accordance with paragraphs (d) and (e) of this section; or789

when alignment means are also provided, may be met with either;790

(ii) An assortment of removable, fixed-aperture, beam-limiting devices sufficient to meet the791

requirement for each combination of image receptor size and SID for which the unit is designed.792
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Each such device shall have clear and permanent markings to indicate the image receptor size and793

SID for which it is designed; or794

(iii) A beam-limiting device having multiple fixed apertures sufficient to meet the795

requirement for each combination of image receptor size and SID for which the unit is designed.796

Permanent, clearly legible markings shall indicate the image receptor size and SID for which each797

aperture is designed and shall indicate which aperture is in position for use.798

(g) Positive beam limitation (PBL). The requirements of this paragraph shall apply to799

radiographic systems which contain PBL.800

(1) Field size. When a PBL system is provided, it shall prevent x-ray production when:801

(i) Either the length or width of the x-ray field in the plane of the image receptor differs802

from the corresponding image receptor dimension by more than 3 percent of the SID; or803

(ii) The sum of the length and width differences as stated in paragraph (g)(1)(i) of this804

section without regard to sign exceeds 4 percent of the SID.805

(iii) The beam limiting device is at an SID for which PBL is not designed for sizing.806

(2) Conditions for PBL. When provided, the PBL system shall function as described in807

paragraph (g)(1) of this section whenever all the following conditions are met:808

(i) The image receptor is inserted into a permanently mounted cassette holder;809

(ii) The image receptor length and width are less than 50 centimeters;810

(iii) The x-ray beam axis is within ±3 degrees of vertical and the SID is 90 centimeters to811

130 centimeters inclusive; or the x-ray beam axis is within ±3 degrees of horizontal and the SID is812

90 centimeters to 205 centimeters inclusive;813

(iv) The x-ray beam axis is perpendicular to the plane of the image receptor to within ±3814

degrees; and815
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(v) Neither tomographic nor stereoscopic radiography is being performed.816

(3) Measuring compliance. Compliance with the requirements of paragraph (g)(1) of this817

section shall be determined when the equipment indicates that the beam axis is perpendicular to818

the plane of the image receptor and the provisions of paragraph (g)(2) of this section are met.819

Compliance shall be determined no sooner than 5 seconds after insertion of the image820

receptor.821

(4) Operator initiated undersizing. The PBL system shall be capable of operation such that,822

at the discretion of the operator, the size of the field may be made smaller than the size of the823

image receptor through stepless adjustment of the field size. Each dimension of the minimum field824

size at an SID of 100 centimeters shall be equal to or less than 5 centimeters. Return to PBL825

function as described in paragraph (g)(1) of this section shall occur automatically upon any826

change of image receptor size or SID.827

(5) Override of PBL. A capability may be provided for overriding PBL in case of system828

failure and for servicing the system. This override may be for all SID's and image receptor sizes. A829

key shall be required for any override capability that is accessible to the operator. It shall not be830

possible to remove the key while PBL is overridden. Each such key switch or key shall be clearly831

and durably labeled as follows:832

833

                For X-ray Field Limitation System Failure834

835

The override capability is considered accessible to the operator if it is referenced in the836

operator's manual or in other material intended for the operator or if its location is such that the837

operator would consider it part of the operational controls.838
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(h) Field limitation and alignment for spot-film devices. The following requirements shall839

apply to spot-film devices, except when the spot-film device is provided for use with a radiation840

therapy simulation system:841

(1) Means shall be provided between the source and the patient for adjustment of the x-ray842

field size in the plane of the image receptor to the size of that portion of the image receptor which843

has been selected on the spot-film selector. Such adjustment shall be accomplished automatically844

when the x-ray field size in the plane of the image receptor is greater than the selected portion of845

the image receptor. If the x-ray field size is less than the size of the selected portion of the image846

receptor, the field size shall not open automatically to the size of the selected portion of the image847

receptor unless the operator has selected that mode of operation.848

(2) Neither the length nor the width of the x-ray field in the plane of the image receptor shall849

differ from the corresponding dimensions of the selected portion of the image receptor by more850

than 3 percent of the SID when adjusted for full coverage of the selected portion of the image851

receptor. The sum, without regard to sign, of the length and width differences shall not exceed 4852

percent of the SID. On spot-film devices manufactured after February 25, 1978, if the angle853

between the plane of the image receptor and beam axis is variable, means shall be provided to854

indicate when the axis of the x-ray beam is perpendicular to the plane of the image receptor, and855

compliance shall be determined with the beam axis indicated to be perpendicular to the plane of856

the image receptor.857

(3) The center of the x-ray field in the plane of the image receptor shall be aligned with the858

center of the selected portion of the image receptor to within 2 percent of the SID.859

(4) Means shall be provided to reduce the x-ray field size in the plane of the image receptor860

to a size smaller than the selected portion of the image receptor such that:861
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(i) For spot-film devices used on fixed-SID fluoroscopic systems which are not required to,862

and do not provide stepless adjustment of the x-ray field, the minimum field size, at the greatest863

SID, does not exceed 125 square centimeters; or864

(ii) For spot-film devices used on fluoroscopic systems that have a variable SID and/or865

stepless adjustment of the field size, the minimum field size, at the greatest SID, shall be866

containable in a square of 5 centimeters by 5 centimeters.867

(5) A capability may be provided for overriding the automatic x-ray field size adjustment in868

case of system failure. If it is so provided, a signal visible at the fluoroscopist's position shall869

indicate whenever the automatic x-ray field size adjustment override is engaged. Each such system870

failure override switch shall be clearly labeled as follows:871

872

                For X-ray Field Limitation System Failure873

874

(i) Source-skin distance--(1) X-ray systems designed for use with an intraoral image875

receptor shall be provided with means to limit the source-skin distance to not less than:876

(i) Eighteen centimeters if operable above 50 kVp; or877

(ii) Ten centimeters if not operable above 50 kVp.878

(2) Mobile and portable x-ray systems other than dental shall be provided with means to879

limit the source-skin distance to not less than 30 centimeters.880

(j) Beam-on indicators. The x-ray control shall provide visual indication whenever x-rays881

are produced. In addition, a signal audible to the operator shall indicate that the exposure has882

terminated.883
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(k) Multiple tubes. Where two or more radiographic tubes are controlled by one exposure884

switch, the tube or tubes which have been selected shall be clearly indicated before initiation of885

the exposure.886

This indication shall be both on the x-ray control and at or near the tube housing assembly887

which has been selected.888

(l) Radiation from capacitor energy storage equipment. Radiation emitted from the x-ray889

tube shall not exceed:890

(1) 8.6 x 10-9 C/kg (0.03 mR) an air kerma of 0.26 µGy (vice 0.03 mR exposure) in 1891

minute at 5 centimeters from any accessible surface of the diagnostic source assembly, with the892

beam-limiting device fully open, the system fully charged, and the exposure switch, timer, or any893

discharge mechanism not activated. Compliance shall be determined by measurements averaged894

over an area of 100 square centimeters, with no linear dimension greater than 20 centimeters; and895

(2) 2.58 x 10-5 C/kg (100 mR) an air kerma of 0.88 mGy (vice 100 mR exposure) in 1 hour896

at 100 centimeters from the x-ray source, with the beam-limiting device fully open, when the897

system is discharged through the x-ray tube either manually or automatically by use of a discharge898

switch or deactivation of the input power. Compliance shall be determined by measurements of899

the maximum exposure air kerma per discharge multiplied by the total number of discharges in 1900

hour (duty cycle). The measurements shall be averaged over an area of 100 square centimeters901

with no linear dimension greater than 20 centimeters.902

(m) Transmission limit for image receptor supporting devices used for mammography. For903

x-ray systems manufactured after September 5, 1978, which are designed only for mammography,904

the transmission of the primary beam through any image receptor support provided with the905

system shall be limited such that the exposure air kerma 5 centimeters from any accessible surface906
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beyond the plane of the image receptor supporting device does not exceed 2.58 x 10-8 C/kg (0.1907

mR) 0.88 µGy (vice 0.1 mR exposure) for each activation of the tube. Exposure Air kerma shall908

be measured with the system operated at the minimum SID for which it is designed. Compliance909

shall be determined at the maximum rated peak tube potential for the system and at the maximum910

rated product of the tube current and exposure time (mAs) for that peak tube potential.911

Compliance shall be determined by measurements averaged over an area of 100 square912

centimeters with no linear dimension greater than 20 centimeters.913

914

§1020.32  Fluoroscopic equipment.915

916

The provisions of this section apply to equipment for fluoroscopy and for the recording of917

images through an image intensifier fluoroscopic imaging and for radiographic imaging when918

images are recorded from the fluoroscopic image receptor except computed tomography x-ray919

systems manufactured on or after November 29, 1984.920

(a) Primary protective barrier--(1) Limitation of useful beam. The fluoroscopic imaging921

assembly shall be provided with a primary protective barrier which intercepts the entire cross922

section of the useful beam at any SID. The x-ray tube used for fluoroscopy shall not produce923

x-rays unless the barrier is in position to intercept the entire useful beam. The  exposure air kerma924

rate due to transmission through the barrier with the attenuation block in the useful beam925

combined with radiation from the image intensifier if provided, shall not exceed 3.34 x 10-3926

percent of the entrance exposure air kerma rate, at a distance of 10 centimeters from any927

accessible surface of the fluoroscopic imaging assembly beyond the plane of the image receptor.928

Radiation therapy simulation systems shall be exempt from this requirement provided the systems929
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are intended only for remote control operation and the manufacturer sets forth instructions for930

assemblers with respect to control location as part of the information required in §1020.30(g).931

Additionally, the manufacturer shall provide to users, pursuant to §1020.30(h)(1)(i), precautions932

concerning the importance of remote control operation.933

(2) Measuring compliance. The entrance exposure air kerma rate shall be measured in934

accordance with paragraph (d) of this section. The  exposure air kerma rate due to transmission935

through the primary barrier combined with radiation from the  image intensifier fluoroscopic936

image receptor  shall be determined by measurements averaged over an area of 100 square937

centimeters with no linear dimension greater than 20 centimeters.  If the source is below the938

tabletop, the measurement shall be made with the input surface of the fluoroscopic imaging939

assembly positioned 30 centimeters above the tabletop. If the source is above the tabletop and the940

SID is variable, the measurement shall be made with the end of the beam-limiting device or spacer941

as close to the tabletop as it can be placed, provided that it shall not be closer than 30 centimeters.942

Movable grids and compression devices shall be removed from the useful beam during the943

measurement. For all measurements, the attenuation block shall be positioned in the useful beam944

10 centimeters from the point of measurement of entrance  exposure air kerma rate and between945

this point and the input surface of the fluoroscopic imaging assembly.946

(b) Field limitation--(1) Nonimage-intensified fluoroscopy. (i) The x-ray field produced by947

nonimage-intensified  fluoroscopic equipment shall not extend beyond the entire visible area of the948

image receptor.  Means shall be provided for stepless adjustment of the field size. The minimum949

field size, at the greatest SID, shall be containable in a square of 5 centimeters by 5 centimeters.950

(ii) For equipment manufactured after February 25, 1978, when the angle between the image951

receptor and the beam axis of the x-ray beam is variable, means shall be provided to indicate when952



Draft Amendments  - September 8, 1998

44

the axis of the x-ray beam is perpendicular to the plane of the image receptor. Compliance with953

paragraph (b)(1)(i) of this section shall be determined with the beam axis indicated to be954

perpendicular to the plane of the image receptor.955

(2) Image-intensified fluoroscopy with circular image receptors.  (i) For image-intensified956

fluoroscopic equipment other than radiation therapy simulation systems manufactured before or957

on (insert date 1 year after publication of final rule in the Federal register), systems, neither958

(A) Neither the length nor the  width of the x-ray field in the plane of the image receptor959

shall exceed that of the visible area of the image receptor by more than 3 percent of the SID. The960

sum of the excess length and the excess width shall be no greater than 4 percent of the SID.961

(ii)(B) For rectangular x-ray fields used with circular image receptors, the error in alignment962

shall be determined along the length and width dimensions of the x-ray field which pass through963

the center of the visible area of the image receptor.964

(iii)(C) For equipment manufactured after February 25, 1978, when the angle between the965

image receptor and beam axis is variable, means shall be provided to indicate when the axis of the966

x-ray beam is perpendicular to the plane of the image receptor. Compliance with paragraph967

(b)(2)(i) of this section shall be determined with the beam axis indicated to be perpendicular to the968

plane of the image receptor.969

(iv)(D) Means shall be provided to permit further limitation of the field. Beam-limiting970

devices manufactured after May 22, 1979, and incorporated in equipment with a variable SID971

and/or the capability of a visible area of greater than 300 square centimeters shall be provided972

with means for stepless adjustment of the x-ray field. Equipment with a fixed SID and the973

capability of a visible area of no greater than 300 square centimeters shall be provided with either974

stepless adjustment of the x-ray field or with a means to further limit the x-ray field size at the975



Draft Amendments  - September 8, 1998

45

plane of the image receptor to 125 square centimeters or less.  Stepless adjustment shall, at the976

greatest SID, provide continuous field sizes from the maximum obtainable to a field size977

containable in a square of 5 centimeters by 5 centimeters.978

(ii) For fluoroscopic equipment other than radiation therapy simulation systems979

manufactured  after (insert date 1 year after publication of final rule in the Federal register),  the980

maximum area of the x-ray field in the plane of the image receptor shall conform with one of the981

following requirements:982

(A) At least 80 percent of the x-ray field overlaps the visible area of the image receptor or;983

(B) When the visible area of the image receptor is greater than 34 cm in diameter, the x-ray984

field measured along a diameter in the direction of greatest misalignment with the visible area of985

the image receptor shall not extend beyond the visible area of the image receptor by more than 2986

cm or;987

(C) At least 80 percent of the air kerma integrated over the x-ray field is incident on the988

visible area of the image receptor.989

and, in addition,990

(D) When the angle between the image receptor and beam axis is variable, means shall be991

provided to indicate when the axis of the x-ray beam is perpendicular to the plane of the image992

receptor. Compliance with paragraph  (b)(2)(ii) of this section shall be determined with the beam993

axis indicated to be perpendicular to the plane of the image receptor.994

(E) Means shall be provided to permit further limitation of the field. Beam-limiting devices995

incorporated in equipment with a variable SID and/or the capability of a visible area of greater996

than 300 square centimeters shall be provided with means for stepless adjustment of the x-ray997

field.  Equipment with a fixed SID and the capability of a visible area of no greater than 300998
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square centimeters shall be provided with either stepless adjustment of the x-ray field or with a999

means to further limit the x-ray field size at the plane of the image receptor to 125 square1000

centimeters or less.  Stepless adjustment shall, at the greatest SID, provide continuous field sizes1001

from the maximum obtainable to a field size containable in a square of 5 centimeters by 51002

centimeters.1003

(3) Fluoroscopy with rectangular image receptors. For x-ray systems manufactured after1004

(insert date 1 year after publication of final rule in the Federal register) (i) When the visible area of1005

the image receptor is rectangular, neither the length nor the width of the x-ray field in the plane of1006

the image receptor shall exceed that of the visible area of the image receptor by more than 31007

percent of the SID. The sum of the excess length and the excess width shall be no greater than 41008

percent of the SID.1009

(ii) The error in alignment shall be determined along the length and width dimensions of the1010

x-ray field which pass through the center of the visible area of the image receptor.1011

(iii) When the angle between the image receptor and beam axis is variable, means shall be1012

provided to indicate when the axis of the x-ray beam is perpendicular to the plane of the image1013

receptor. Compliance with paragraph (b)(3)(i) of this section shall be determined with the beam1014

axis indicated to be perpendicular to the plane of the image receptor.1015

(iv) Means shall be provided to permit further limitation of the field.  Beam-limiting devices1016

incorporated in equipment with a variable SID and/or the capability of a visible area of greater1017

than 300 square centimeters shall be provided with means for stepless adjustment of the x-ray1018

field. Equipment with a fixed SID and the capability of a visible area of no greater than 300 square1019

centimeters shall be provided with either stepless adjustment of the x-ray field or with a means to1020

further limit the x-ray field size at the plane of the image receptor to 125 square centimeters or1021
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less.  Stepless adjustment shall, at the greatest SID, provide continuous field sizes from the1022

maximum obtainable to a field size containable in a square of 5 centimeters by 5 centimeters.1023

(4) If the fluoroscopic x-ray field size is adjusted automatically as the SID or image receptor1024

size is changed, a capability may be provided for overriding the automatic adjustment in case of1025

system failure. If it is so provided, a signal visible at the fluoroscopist's position shall indicate1026

whenever the automatic field adjustment is overridden. Each such system failure override switch1027

shall be clearly labeled as follows:1028

1029

                For X-ray Field Limitation System Failure1030

1031

(c) Activation of tube. X-ray production in the fluoroscopic mode shall be controlled by a1032

device which requires continuous pressure by the operator for the entire time of any exposure.1033

When recording serial fluoroscopic images, the operator shall be able to terminate the x-ray1034

exposure(s) at any time, but means may be provided to permit completion of any single exposure1035

of the series in process.1036

(d) Entrance exposure Air kerma rates. For fluoroscopic equipment, manufactured before1037

May 19, 1995, the following requirements apply:1038

(1) Equipment with automatic exposure rate control (AERC).1039

(1) Fluoroscopic equipment manufactured before May 19, 1995, that is provided with1040

automatic exposure rate control that is provided with AERC (AERC) shall not be operable at any1041

combination of tube potential and current that will result in an exposure air kerma rate in excess1042

of 2.58x10-3 coulomb per kilogram (C/kg) per minute (10 roentgens per minute (10 88 mGy per1043
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R/min)) at the point where the center of the useful beam enters the patient, except: minute (vice1044

10 R/min exposure rate at the measurement point specified in §1020.32(d)(7),  except:1045

(i) During recording of fluoroscopic images, or1046

(ii) When an optional high-level control is provided. When so provided, the equipment shall1047

not be operable at any combination of tube potential and current that will result in an  exposure air1048

kerma rate in excess of  1.29x10-3 C/kg per minute (5 R/min) at the 44 mGy per minute (vice 51049

R/min exposure rate) at point where the center of the useful beam enters the patient, the1050

measurement point specified in §1020.32(d)(7), unless the high-level control is activated. Special1051

means of activation of high-level controls shall be required. The high-level control shall be1052

operable only when continuous manual activation is provided by the operator. A continuous signal1053

audible to the fluoroscopist shall indicate that the high-level control is being employed.1054

(2)Equipment without AERC (manual mode). Fluoroscopic equipment manufactured before1055

May 19, 1995, that is not provided with AERC shall not be operable at any combination of tube1056

potential and current that will result in an  exposure air kerma rate in excess of  1.29x10-3 C/kg1057

per minute (5 44 mGy per minute (vice 5 R/min exposure R/min) at the point where the center of1058

the useful beam enters the patient, rate) at the measurement point specified in §1020.32(d)(7),1059

except:1060

(i) During recording of fluoroscopic images, or1061

(ii) When an optional high-level control is activated. Special means of activation of1062

high-level controls shall be required. The high-level control shall be operable only when1063

continuous manual activation is provided by the operator. A continuous signal audible to the1064

fluoroscopist shall indicate that the high-level control is being employed.1065



Draft Amendments  - September 8, 1998

49

(3)Equipment with both an AERC mode and a manual mode. Fluoroscopic equipment1066

manufactured before May 19, 1995, that is provided with both an AERC mode and a manual1067

mode shall not be operable at any combination of tube potential and current that will result in an1068

exposure air kerma rate in excess of 88 mGy per minute 2.58x10-3 C/kg per minute (10 R/min)1069

(vice 10 R/min exposure rate) in either mode at the  point where the center of the useful beam1070

enters the patientmeasurement point specified in §1020.32(d)(7), except:1071

(i) During recording of fluoroscopic images, or1072

(ii) When the mode or modes have an optional high-level control, in which case that mode1073

or modes shall not be operable at any combination of tube potential and current that will result in1074

an  exposure air kerma rate in excess of 1.29x10-3 C/kg per minute (5 44 mGy per minute (vice 51075

R/min R/min) at the point where the center of the useful beam enters the patient, exposure  rate)1076

at the measurement point specified in §1020.32(d)(7), unless the high-level control is activated.1077

Special means of activation of high-level controls shall be required. The high-level control shall be1078

operable only when continuous manual activation is provided by the operator. A continuous signal1079

audible to the fluoroscopist shall indicate that the high-level is being employed.1080

(4) Measuring compliance. Compliance with paragraph (d) of this section shall be1081

determined as follows:1082

(i) If the source is below the x-ray table, the exposure rate shall be measured at 1 centimeter1083

above the tabletop or cradle.1084

(ii) If the source is above the x-ray table, the exposure rate shall be measured at 301085

centimeters above the tabletop with the end of the beam-limiting device or spacer positioned as1086

closely as possible to the point of measurement.1087
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(iii) In a C-arm type of fluoroscope, the exposure rate shall be measured at 30 centimeters1088

from the input surface of the fluoroscopic imaging assembly, with the source positioned at any1089

available SID, provided that the end of the beam-limiting device or spacer is no closer than 301090

centimeters from the input surface of the imaging assembly.1091

(iv) In a lateral type of fluoroscope, the exposure rate shall be measured at a point 151092

centimeters from the centerline of the x-ray table and in the direction of the x-ray source with the1093

end of the beam-limiting device or spacer positioned as closely as possible to the point of1094

measurement. If the tabletop is movable, it shall be positioned as closely as possible to the lateral1095

x-ray source, with the end of the beam-limiting device or spacer no closer than 15 centimeters to1096

the centerline of the x-ray table.1097

(4) Exemptions. Fluoroscopic radiation therapy simulation systems are exempt from the1098

requirements set forth in paragraph (d) of this section.1099

(4) Fluoroscopic equipment (e) Entrance exposure rate limits. For fluoroscopic equipment1100

manufactured on and after May 19, 1995, the following requirements apply:1101

(1) Fluoroscopic equipment  operable at any combination of tube potential and current that1102

results in an exposure air kerma rate greater than 44 mGy per minute (vice 5 R/min exposure rate)1103

at the measurement point specified 1.29x10-3 C/kg per minute (5 R/min) at the point where the1104

center of the useful beam enters the patient in §1020.32(d)(7) shall be equipped with AERC.1105

Provision for manual selection of technique factors may be provided.1106

(2)(5) Fluoroscopic equipment manufactured on and after May 19, 1995, and before (insert1107

date 1 year after publication of final rule in Federal Register) shall not be operable at any1108

combination of tube potential and current that will result in an exposure air kerma rate in excess1109

of 2.58x10-3 C/kg per minute (10 R/min) at the point where the center of the useful beam enters1110
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the patient 88 mGy per minute (vice 10 R/min exposure rate) at the measurement point specified1111

in §1020.32(d)(7), except:1112

(i) During the recording of images from an x-ray image-intensifier tube using photographic1113

film or a video camera when the x-ray source is operated in a pulsed mode.1114

(ii) When an optional high-level control is activated. When the high-level control is1115

activated, the equipment shall not be operable at any combination of tube potential and current1116

that will result in an  exposure air kerma rate in excess of 5.16x10-3 C/kg 180 mGy per minute1117

(vice per minute (20 R/min) at the point where the center of the useful beam enters the patient. 201118

R/min exposure rate) at the measurement point specified in §1020.32(d)(7).   Special means of1119

activation of high-level controls shall be required. The high-level control shall only be operable1120

when continuous manual activation is provided by the operator. A continuous signal audible to1121

the fluoroscopist shall indicate that the high-level control is being employed.1122

(6) Fluoroscopic equipment manufactured on and after (insert date 1 year after publication1123

of final rule in Federal Register) shall not be operable at any combination of tube potential and1124

current that will result in an air kerma rate in excess of 88 mGy per minute (vice 10 R/min1125

exposure rate) at the measurement point specified in §1020.32(d)(7), except:1126

(i) During the recording of images from the fluoroscopic image receptor for the purpose of1127

providing the user with an image(s) after termination of the exposure.  However, the archiving of1128

fluoroscopic or radiographic images through the recording of such images in analog format with a1129

video-tape or -disc recorder does not qualify as an exception.1130

(ii) When an optional high-level control is activated. When the high-level control is1131

activated, the equipment shall not be operable at any combination of tube potential and current1132

that will result in an air kerma rate in excess of 180 mGy per minute (vice 20  R/min exposure1133
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rate) at the measurement point specified in §1020.32(d)(7). Special means of activation of1134

high-level controls shall be required. The high-level control shall only be operable when1135

continuous manual activation is provided by the operator. A continuous signal audible to the1136

fluoroscopist shall indicate that the high-level control is being employed.1137

(3)(7) Measuring compliance. Compliance with paragraph (e)(d) of this section shall be1138

determined as follows:1139

(i) If the source is below the x-ray table, the  exposure air kerma rate shall be measured at 11140

centimeter above the tabletop or cradle.1141

(ii) If the source is above the x-ray table, the  exposure air kerma rate shall be measured at1142

30 centimeters above the tabletop with the end of the beam-limiting device or spacer positioned as1143

closely as possible to the point of measurement.1144

(iii) In a C-arm type of fluoroscope, the  exposure air kerma rate shall be measured at 301145

centimeters from the input surface of the fluoroscopic imaging assembly, with the source1146

positioned at any available SID, provided that the end of the beam-limiting device or spacer is no1147

closer than 30 centimeters from the input surface of the fluoroscopic imaging assembly.1148

(iv) In a C-arm type of fluoroscope having an SID less than 45 cm, the air kerma rate shall1149

be measured at the minimum SSD.1150

(v) In a lateral type of fluoroscope, the  exposure air kerma rate shall be measured at a point1151

15 centimeters from the centerline of the x-ray table and in the direction of the x-ray source with1152

the end of the beam-limiting device or spacer positioned as closely as possible to the point of1153

measurement. If the tabletop is movable, it shall be positioned as closely as possible to the lateral1154

x-ray source, with the end of the beam-limiting device or spacer no closer than 15 centimeters to1155

the centerline of the x-ray table.1156
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(4) (8) Exemptions. Fluoroscopic radiation therapy simulation systems are exempt from the1157

requirements set forth in paragraph (e) (d) of this section.1158

(e) [Reserved]1159

(f) Indication of potential and current. During fluoroscopy and cinefluorography, x-ray tube1160

potential and current shall be continuously indicated. Deviation of x-ray tube potential and current1161

from the indicated values shall not exceed the maximum deviation as stated by the manufacturer in1162

accordance with §1020.30(h)(3).1163

(g) Source-skin distance. (1)  Means shall be provided to limit the source-skin distance to1164

not less than 38 centimeters on stationary fluoroscopes and to not less than 30 centimeters on1165

mobile and portable fluoroscopes. In addition, for image-intensified fluoroscopes intended for1166

specific surgical application that would be prohibited at the source-skin distances specified in this1167

paragraph, provisions may be made for operation at shorter source-skin distances but in no case1168

less than 20 centimeters. When provided, the manufacturer must set forth precautions with1169

respect to the optional means of spacing, in addition to other information as required in1170

§1020.30(h).1171

(2) For mobile or portable C-arm fluoroscopic systems manufactured on or after (insert date1172

one year after date of publication of the final rule in the Federal register) having a maximum1173

source-image receptor distance of less than 45 centimeters, means shall be provided to limit the1174

source-skin distance to not less than 19 centimeters.  Such systems shall be labeled for extremity1175

use only.  In addition, for those systems intended for specific surgical application that would be1176

prohibited at the source-skin distances specified in this paragraph, provisions may be made for1177

operation at shorter source-skin distances but in no case less than 10 centimeters.  When1178
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provided, the manufacturer must set forth precautions with respect to the optional means of1179

spacing, in addition to other information as required in §1020.30(h).1180

(h) Fluoroscopic time and signal.  (1) Fluoroscopic equipment manufactured before (insert1181

date one year from date of publication of the final rule in the Federal Register) shall be provided1182

with means to preset the cumulative on-time of the fluoroscopic tube. The maximum cumulative1183

time of the timing device shall not exceed 5 minutes without resetting. A signal audible to the1184

fluoroscopist shall indicate the completion of any preset cumulative on-time. Such signal shall1185

continue to sound while x-rays are produced until the timing device is reset. As an alternative to1186

the requirements of this paragraph, radiation therapy simulation systems may be provided with a1187

means to indicate the total cumulative exposure time during which x-rays were produced, and1188

which is capable of being reset between x-ray examinations.1189

(2) For x-ray controls manufactured on or after (insert date one year from date of1190

publication of the final rule in the Federal Register) there shall be provided for each fluoroscopic1191

tube:1192

(i) A display of the irradiation time from the beginning of a patient examination or1193

procedure.  This display shall be visible throughout the examination or procedure and after it1194

ends.  The display shall be able to be reset to zero prior to the commencement of a new1195

examination or procedure, and it shall function independently of the audible signal described in1196

§1020.32(h)(2)(ii).1197

(ii) A signal audible to the fluoroscopist shall indicate the passage of irradiation time during1198

an examination or procedure. The signal shall sound for at least one second at each interval of 5-1199

minutes duration of irradiation time.1200
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(i) Mobile and portable fluoroscopes.  In addition to the foregoing other requirements of1201

this section, mobile and portable fluoroscopes shall provide  intensified imaging. an image1202

receptor incorporating  more than a simple fluorescent screen.1203

(j)  Display of last fluoroscopic image.  Fluoroscopic equipment manufactured on or after1204

(insert date one year from date of publication of the final rule in the Federal Register) shall be1205

equipped with means to display the last fluoroscopic image obtained prior to termination of1206

fluoroscopic exposure.  This image may be one, a sum or other combination of a series of images1207

obtained immediately prior to termination of exposure, provided the number and method of1208

combination is selectable prior to initiation of fluoroscopic exposure.  Means shall be provided to1209

clearly indicate to the user whether a displayed fluoroscopic image is from the last-image hold1210

feature or is from live radiation exposure. Display of the held image shall be replaced by the live1211

image concurrently with the reinitiation of fluoroscopic exposure, unless separate displays are1212

provided for the stored and live images.  The options for the last image displayed and the impact1213

of the selected option on image characteristics shall be described in the information required by1214

§1020.30(h).  If last fluoroscopic image hold is obtained immediately after termination of1215

exposure, by means that continue the exposure to obtain the recorded image(s), then the1216

provisions of §1020.31 (a)(2) shall apply.1217

(k) Displays of values of air kerma rate and cumulative air kerma.  Fluoroscopic1218

equipment manufactured on or after (insert date one year after date of the final rule in the Federal1219

Register) shall  display at the fluoroscopist’s working position values of air kerma rate and1220

cumulative air kerma at reference location(s) specified in §1020.32(k)(5). The following1221

requirements apply for each x-ray tube used during an examination or procedure:1222
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(1) The value displayed for  air kerma rate shall be  in units of cGy/min and shall represent1223

the air kerma per unit time during  fluoroscopy and while recording during fluoroscopy.1224

(2) The value  displayed for cumulative air kerma shall be in units of cGy; shall include all1225

contributions  generated from fluoroscopic and radiographic radiation; shall represent the total air1226

kerma accrued  from the commencement of an examination or procedure and shall be updated1227

during the examination or procedure each time that fluoroscopic or radiographic x-ray production1228

is deactivated.1229

(3) During fluoroscopy and while recording during fluoroscopy,  the value of the air kerma1230

rate shall be displayed.  Following fluoroscopy or radiography,  the value of the cumulative air1231

kerma shall be displayed.1232

(4) The display of the value of the air kerma rate shall be clearly distinguishable from the1233

display of the value of the cumulative air kerma.1234

(5) Values displayed for  the air kerma rate and cumulative air kerma  shall be determined1235

for conditions of free-in-air irradiation at one of the following reference locations specified1236

according to the type of fluoroscope.  The reference location shall be identified and described1237

specifically in information provided to users according to §1020.30(h)(6)(iii):1238

(i) For fluoroscopes with x-ray source below the table, x-ray source above the table, and of1239

lateral type, the reference locations shall be the respective  locations specified in1240

§1020.32(d)(7)(i), (ii), and (v) for measuring compliance with air-kerma rate limits.1241

(ii) For C-arm type fluoroscopes, the reference location shall be 15 centimeters from the1242

isocenter toward the x-ray source along the beam axis.  Alternatively, the reference location shall1243

be along the beam  axis at point(s) deemed by the manufacturer to represent the intersection of1244

the x-ray beam entrance surface and the patient skin.1245
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(6) The displays of the values of air kerma rate and  cumulative air kerma shall be able to be1246

reset to zero prior to the commencement of a new examination or procedure.1247
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