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Introduction and General Carifications

| ntroduction

The task group: "Protocols on The Radiation Safety
Survey of Diagnostic Radiol ogi cal Equi prent" was formnmed
by the Diagnostic X-ray Imaging Committee to provide a
uni fied approach to radiation surveys of x-ray imaging
equi pment conducted by radiol ogi c physicists. Stationary
and nobi | e radi ographic, fluoroscopic, dental x-ray, and
manmogr aphi ¢ equi pment are  covered. Due to its
speci alized requirenments conputed t omogr aphy (Cn
equi pnent i s not. . )

The protocols described are intended to verify
conpliance with the radiation safety regulations outlined
in the Code of Federal Regulations and the mpjority of
state agencies. State regulations are not uniform from
state to state, and federal regul ations are revised
periodically. Therefore, it is reconmended that the
appropriate state and federal radi ation control
regul ations be reviewed prior to conducting surveys.
Al'so, in view of the conplexity and cost of x-ray
equi prent, advice should be solicited and/or the
operator's manual referred to when the surveyor is not
famliar with a given type of equipnent.

The objective of the report is to achieve a unified
approach to routine radiation surveys of x-ray imaging
equi pment and was reflected in "the task group's
member shi p, which included: .

a) Representatives from regul ator agengles,

b) Medi cal %d| agnostic radiol ogi c) physicists, and

c) Medical health physicists.
The CRCPD (Conference of Radiation Control Program
Directors, Inc.) has published radiation survey protocols
for use by state-enployed inspectors which nay be useful
in certain situations.

Ceneral _Carifications

_"CGood Radiological Practices" set forth by the Joint
Commi ssion on Accreditation of Hospitals (J require
that patients and personnel are protected from radiation,
el ectrical, and mechani cal hazards associated with x-ray
equi prent and that quality inmages are produced. The
radiation survey protocols  described in this report
address only the radiation hazards question.

To assist hospitals in their quality assurance
efforts, nost diagnostic radiol ogic physicists also:
1. Check the x-ray generator calibration (kV, mAs
linearity, phototiner, etc.),



Deternmine typical patient exposure |evels

for standard radi ographic exans and fluoroscopy,
Assess fluoroscopic contrast and spatial

resol ution,

Eval uate radiographic inmage quality, and

. Review processor quality control procedures.
These quality assurance efforts are beyond the scope of
this report.

The performance levels cited from Reference 1 do not

2.1 O SCRN O

apply to non-certified conponents. In the absence of
specific state regul ations for t hese conmponent s,
certified conponent performance | evel s should be
considered "ideal" goals for this t?/pe of equi pment, but
may not be achievable due to design limitations.

- In addition to survey data, records should also be
mai nt ai ned on:

(a) the manufacturer, nodel number, and serial
number of the transforner/generator and
control consol e,

(b) the manufacturer, nodel type and serial numbers
of the x-ray tube housing and insert,

(c) the nodel type and the serial nunber of the
col limator, and

(d) the manufacturer, model type and serial nunber

of the x-ray inmage intensifier.
Qutlines of these records and survey data are at the end
of each "part" of this report. ,

Unl ess specifically noted in the text or outline,
each paraneter should be checked at |east annually or
after machine repairs or adjustments (e.g., x-ray tube
repl acenent) which could affect performance. Heavily
uaedk equi pment may require nore frequent (sem-annual)
checks.

Measurenents of paraneters such as the hal f-val ue
|ayer (HVL), the source-to-inmge receptor distance (SID),

etc. that are conmon to all four radiological systenms
are discussed in detail in Part | -- Medical = Radiographic
Installations. Reconmended nodifications in the

measurement methods for  unique types of radiol ogical
equi pment are listed in the section where the unique type
of equi pment is discussed.



Part 1: Medical Radiographic Installations

|-1. Introduction

Pages 19-21 contain a checklist of the physica
paranmeters to be evaluated and the information pertinent
to the radiation protection survey of radiographic
instal-lations. The record keepi ng i nformation
identified in the checklist normally has practical value
in identifying the radiographic unit under evaluation
If information concerning the certification status of the
unit or warning |abels affixed to the control panel
etc., is desired, additional space should be provided on
the form devel oped by the radiologic physicist.

|-2. System |nformation

Items A-D of Part 1-2 of the checklist are "record
keeping' itens to identify the survey of a specific room
in an institution and the date the survey is conducted.
The generator/control nanufacturer, nodel type or nunber
and serial nunber should be recorded. The nodel type may
be needed to verify technical specifications of the unit, such as

a) Single phase or three phase,

b) Falling |oad and/or constant |oad,

c) Mnimumswitching tine, etc. )

he maxi mnum tube potential and the maxi num tube
current of the generator are useful in setting up a
radi ographi c technique chart for various exam nations as
wel|l as for radiation protection considerations when
required. Depending on the specific needs of the
hospital, the assumed  "maxinum tube potential and
current” my be the maxi num technique factors enployed in
the radiographic exanination room _

The nodel numbers of the x-ray tube insert and
housing allow the identification of therma
characteristics of the x-ray tube. The serial nunber of
an x-ray tube is inportant since x-ray tubes are replaced
upon failure. The radiation output varies from one x-ray
tube to another especially when the conparison is made
between an old and new x-ray tube. The nominal foca
spot sizes identified by the manufacturer, not the actua
measured sizes, should be recorded. Any added filtration
in the x-ray beam designed to be selected by the operator
shoul d be recorded since it affects the nachine's
exposure rate



|-3. Beam on Controls and |ndicators

Verify the availability of a positive indicator of
x-ray production when the x-ray tube is energized, such

as

a) mA-Meter,

b) X-ray "on" light, and/or

c) Audible signal during or at end of exposure.
Test their function by nmaking x-ray exposures. Any of

these three warning systems which are provided shoul d be
functioning. The x-ray exposure switch should be a
deadman type switch; the exposure nust terminate when
pressure on the switch is rel eased. This can only be
verified on a radiographic tube if a |-2 second exposure
time is set to allow the operator time to release the
switch prior to ternination of the exposure by the tiner.
(When conducting this test avoid excessive  tube
loading.) A deadman switch is not used nor required in
conjunction with rapid film changers; a separate switch
is provided to stop the exposure series.  Unsteady
pressure on a deadman switch in this application coul d
prematurely termnate the exposure series after the
Injection of contrast nedia.

If the exposure switch is attached to a cord, the
cord or switch should be fastened to the control console
or be short enough to prevent the radiographer from
extending any part of his/her body outside the protective
barrier. = If the exposure switch'is a built-in type, the
control panel should be installed so that the
radi ographer is confined behind the protective barrier.

or a mobile/portable x-ray unit, the radiographer
mist be able to stand at least 6 feet away fromthe x-ray
tube/ beam during the actual exposure to mnimze any
scattered radiation reachi n% hi nt her . This normally is
acconpl i shed by attaching the exposure switch to the unit
with at least a six foot long cord.

|-4. Shielding Devices

Lead or Lead equivalent protective aprons and gl oves
of at least 0.25 nm Pb (Reference 12) should be readily
available for the protection of occupationally exposed
personnel or parents of children in the procedure room
during exposures. Appropriate gonadal shields should be
present w thout exception for use with children and
patients under forty-five. At | east one apron and
onadal shields should be kept with each nobile unit.

her appropriate shielding devices should be readily
?vay II able for use in fluoroscopic and angiographic
acilities.



The surveyor should verify the presence and use of
shielding devices. The surveyor should check or nonitor
the checking of protective = apparel. The _ shielding
apparel shoul d be examined fluoroscopically. The results
shoul d be docunmented as required by the JCAH. These
checks should be conpleted at |east annually.

|-5. The Source-to-1nmage Receptor Distance

Mbst general radiographic units have a variable SID
(source-to-image receptor distance). Head units often
have a fixed 32" (81 cn% or 36" (91 cm SID.  Chest units
usual ly have a fixed SID of 72" 818 cm. On variable
SID units, the SID indicator should indicate the distance
between the focal spot and the film cassette in the
cassette holder in the table or on the wall. )

Four basic types of SID indicators are avail able.
The first type is interfaced with the tel escopic mtion
of the x-ray tube hanger assembly; the SID distance is
di spl ayed on the tube hanger carriage or on the x-ray
tube positioning handle. e second-type of indicator is
a linear scale or single marks |abeled 40" (100 cm, 72"
(180 cm, etc., attached to the telescopic support arm
A magnetic or a mechanical |ock/detent is the third type
of indicator. A marking on the overhead tube rail and or
a detent should be ©provided for all wall cassette
hol ders.

A tape neasure is the fourth type of SID indicator.
It should be available to determne the SID whenever the
film cassette is placed in locations other than the table
or wall cassette hol der.

The indicated SID on any and all of the types
erTBI oyed on a unit should be within 2% of the neasured
SID (Reference #l). o

The range of SIDs used should be within the focal
di stance range of the grid. For exanple, if a wall
cassette holder with a 72" (180 cm) focused grid designed
for chest imaging is used for 40" (100 cm) upright
abdonmens, grid cut off occurs which needl essly increases
patient exposure,

| -5-A. Fixed Radiographic Units

To evaluate any of the above SID indicator
accuracies, the location of the focal spot must be known.
On sone x-ray tube housings, the focal spot location is
marked with a dot or a line at the factory. Thus the SID

i ndi cator accuracy can be determined by direct
measur ement ,
If the focal spot location is not marked,

triangul ation can be used to locate it. Several sinple



devi ces have been devel oped to expedite this. Hendee and
Rossi, for exanple, enploy a plastic cylinder for
measuring SID (Reference #3). Local i zation of the focal
spots on tubes should be perforned as part of acceptance
testing of newy installed x-ray tubes. A repeat of this
measurement usually is not necessary until the x-ray tube
is replaced.

i-5-B. Mobile/Portable Unit

~ For (non-dental) robile or portable x-ray units the
mninum x-ray source-to-skin distance (SSD) Shall be no
l ess than 12" (30 cm) (Reference #1). This can be
measured directly with a tape measure provided the
| ocation of the focal spot is known.

|-6. Radiation Beam Restrictors and Light Localizers

This section descri bes t he eval uation of
collimtors. These devices restrict the x-ray beam and
normal |y use a |light source and mirror arrangenent to
indicate the direction and extent of the x-ray field.
The followi ng parameters need to be eval uated:

(a) Congruence (alignnment and size) of x-ray
and light localization fields.

(b) Alignment of the central ray and the center
of the imge receptor.

(c) Agreerent of the collimator dial field size
indication and the actual x-ray field size.

(d) Agreenent of x-ray field size and imge

receptor size on units equipped with
Positive Beam Liniting (PBL) collimtors.

|-6-A-c. X-ray/Light Field Congruence, X-ray Field/lmge
Receptor Centering, and Nunerical [ndicator
Accuracy

The first three collimtor paraneters listed in
Section |-6 (a-c) can be evaluated at the table using two
radi ographs.

1) Align the x-ray tube assembly to the center

of the table or wall cassette holder at an
SIDthat is clinically used. Mst units

are equipped with a light nounted on the x-ray
tube support assenbly to indicate when the
radiation field is centered.

2) Center a 35 x 43 cm (14 x 17") cassette with

filmin the cassette hol der.




3) Set a standard x-ray field size, 18 x 24 cm
(8 x 10"), wusing the appropriate nunerical
i ndicator scale on the collimator.

4) Turn on the collimator light field and place
radi opaque markers on the table top to
delineate the edges of the light field.

5) Expose the cassette with a technique that
results in an optical density range of |-1.4
on the film i .

6) %en col limator blades and w thout noving
the markers or cassette make a second
exposure using |/5 the mAs used in step 5.

Thi s produces an magge of the opaque markers.

7 Process the exposed film .

Repeat steps 2-7 using a larger x-ray field

size, 30 x 35 cm ?11 X 14").

_The two field size evaluation is necessary since the

col limator blades on nost units do not move in a linear

manner. Any locks routinely used during this test which
do not hold  properly should be noted in t he

"Recomendations and Suggestions" at the end of the

survey report.

X-ray/Light Field Congruence: |-6(a)

The size of the delineated light field and the size
of the x-ray field on the exposed radi ographs shoul d
agree within 2% of the SID (Reference #'). The shift
between the centers of the light field and x-ray field
shoul d also be no greater than 2X of the SID (Reference
#). Both x-ray ilm  should be eval uated. Thi s
paraneter shoul'd be measured at |east annually or after
repairs which involve the removal of the collimtor from
the x-ray tube housing. .

Affer the x-ray/light field congruence at the table
cassette hol der has been verified, the light field of the
collimator may be used to verify the alignnment of the "x-
ra?/ field" and center line of any wall nounted cassette
hol ders within the room

X-ray Field/Imge Receptor Alignnent: | - 6(b)

Draw two sets of diagonals on each radiograph. One
set should connect the corners of the x-ray freld on each
radi ograph; this represents the x-ray field center. The
ot her set should be drawn to the corners of the x-ray
film this indicates the center of the Bucky tray. The
cross points of each set of diagonals should not be
separated by more than 2% of the SID (Reference #1).
This paraneter should be evaluated at |east annually or
after any repair which could affect the alignnent |ight



on the x-ray tube assenbly.

X-ray Field/ Nunerical Indicator Size: | -6(c)

Measure the length and width of the x-ray field on
each film These dinensions should agree with the
nunerical values originally set in step 3 above to within
2% of the SID (Reference #I?. Most units have nore than
one numerical indicator scale. Each of these scal es
references a specific SID. The units displayed on the
scales (metric vs English) should match the units used to
size the typically used cassettes. This parameter should
be checked-at least annually or after repairs to the
collimator blade assenbly or dial indicator assenbly.

Ot her Test Met hods

Hendee and Rossi (Reference #3) and Gay et al.
(Reference #4) have described simlar collimtor tests.
The X-ray Field/lmge Receptor A ignment can al so be
eval uated by closing one pair of the collimtor blades to
obtain a slit beam and making an exposure. Prior to
moving the cassette, a second exposure is nmade with the
opposing pair of collinmator blades now open and the
original pair closed.  This double exposure technique
produces a radi ograP_h|c cross hair which indicates the
center of the x-ray tield. _

The X-ray/Light Field Congruence of the collinator
can al so be nmeasured without exposing x-ray filmif film
processing is unavailable. Four fluorescent strips (2 x
10") with appropriate reticule lines drawn In the
I engthwi se direction can be used. The lines are placed
at the edge of the collimator [light field. This method
is faster than the above nethod, but may require an
observer at table side to view the fluorescent emission
during the radiographic exposure. (Aﬂ)roprl ate shielding
should be used.) A nmisalignnent of [/8" can be detected
depending on how the reticule lines are drawn on the
fluorescent strips. Wth care one can al so directl
measure the distance between the reticule lines to chec
the nunerical field accuracy.

|-6-D. Positive Beam Limtation (PBL) Collinators

Both PBL and manual collimators nust be tested
according to Section [-6-A-C In addition, PBL
collimators nmust confine the radiation beam size to the
size of the image receptor. The automatic setting of the
x-ray field size should also be accurate for any distance
between the x-ray tube focal spot and cassetté which is
within the SID range of the PBL system



~Three different test methods which require no
special instrumentation are described bel ow.

Test Method |
ace the collimtor in automatic node.
2)  Center a small cassette, 18 x 24 cm
(8 x 10"), in the cassette tray.

3 Center a larger cassette on the table top.
4 Make an exposure.

5  Process the film If the x-ray field
size exceeds the filmsize in the cassette
tray, use trlan?ul ation and the radiograph
fromthe table top to determne the actual
x-ray field size at the cassette tray.

6) Repeat steps 2-5 with the cassettes rotated
90 degrees in the cassette tray and on the
tabl e top. _ _

7 Repeat steps 2-6 with a larger cassette in
the cassette tray.

Test Method 11
i Place the collimtor in automatic node.
2 Center a small cassette 18 x 24 cm (8 x 10")
in the cassette tray.
3 Di sable the automatic PBL feature.
Remove the small cassette and place a
|arger cassette with filmin the cassette

tray.

5) Make an exposure and neasure the x-ray
field size on the film

6) Repeat steps |-5 with the two cassettes

rotated 90 degrees in the cassette tray.
Repeat steps 1-6 with a larger cassette'

7) 30 x 35 cm (11 x 14") in cassette tray
initially.

Test Method |11 _ _ o
_ Srnce the Nunerical Indicator accuracy was verified
in I-6-A-C, these indicators can be used to verify PBL

si zi ng.
gl{ Place the collimtor in automatic node.
2 Center a small cassette, 18 x 24 cm (8 x 10"))
in the cassette tray.
3 Record the dinensions of the x-ray field

) from the numerical indicators.

4) Repeat steps |-3 with cassette rotated 90
degrees in the cassette tray.

5) Repeat steps |-4 with a larger cassette, 30 x

35 cm (11 x 14") in the cassette tray.
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Caution: Sonme PBL collimators do not have a key designed
to-disable their automatic sizing as required in step 3

of Method Il. If this key is not provided and the
automatic collimtion feature cannot be readily disabled,
method | or IIl nust be used. Method | has the sanme
precision, but |ess accuracy than Method I1. Method Il

I's both Iess precise and |ess accurate than Method I1.
kkkkRkkkkkkkkkkkkkkkkkhhkhhkkkkkkhkkhkkkkkkkkkkkkkkikkkkkkk

Regardl ess which nethod is used, the PBL sizing
eval uation should be conpleted bK placing the appropriate
size cassettes in each cassette holder (eg. table, wall
unit, other, etc.) which is interfaced to the PBL
collimtor. If any of these cassette holders are used at
more than one SID, the PBL sizing for each comonly used
SI D shoul d be checked. o

The above nethods cannot evaluate the PBL sizing for
a 35 cmx 43 cmcassette without additional effort.
Special PBL testing devices have been fabricated to
address this and the nunerous films which nust be nade.
Lin, Kriz and Storzum (Reference #5) have described one
device. Hendee and Rossi (Reference #3) and Gray et. al.
(Reference #4) describe test nethods sinilar to Method I.

The neasured length or width of the x-ray field in
the plane of the image receptor conpared to the length or
wi dth respect |_veI§/ of the filmin the cassette tray nust
agree to within 3% of the SID used. In addition, the
absol ute val ue of the sum of the length and wdth
differences nmust not exceed 4% of the SID (Reference #l).

If the collimator is designed to allow the operator
to override the PBL function, a key nust be provided for
this function. Wen the PBL function is overridden, the
collimator rmust not allow renoval of the key (Reference
#1

) PBL collimators allow the operator to manual ly
reduce the x-ray field size wth r_esEect to the imge
receptor in the cassette holder w thout using the
override key, Wen this is done, the collimtor should
revert to the normal PBL npde when the cassette or SID is
changed (Reference #l). Both  functions  should be checked.

Most units are designed to bypass the PBL function
when the central x-ray is not perpendicular to the imge
receptor. As above, 'the collimator should revert to the
normal PBL node when the  central rgﬁ/] is realigned
perpendicular to the image receptor. is function
shoul d al so be checked. ) ) )

“Some units are equipped with seni-automatic PBL
col limators which do not autonatically adjust the x-ray
field size to the image receptor size. Instead, they

10



I ock out exposures  until the operator has manual ly
adjusted the x-ray field to be snaller or equal to the
size of the image receptor.

The function and sizing accuracy of the PBL should
be checked at |east annually or after any repairs to the
PBL sensors in the cassette holder, drive mbtors in the
collimator, or electronics of the PBL.

|-7. Primary Radiation Beam Characteristics

The penetrating quality of an x-ray beam is characterized

by its half value layer (HVL). Undesirable |ow energy x-

rays are edlimnated from the beam b¥ adding a filter
-V

whi ch increases the HVL. M ni mum hal alue layers are
specified in Reference #1. These specifications are
based on recomrendations for single phase generators
found in Reference #2. The nininum required half value

| ayers for diagnostic x-ray equipment are listed in Table
| below (Reference fll\)L

The mi ni mum requi renents can be nmet if the
equipment is installed wth the proper anount of
filtration in the x-ray tube housing and collimtor. The
total equivalent Alumnumfiltrations that will neet the
mnimum HVL requirements of Table | are listed in Table

| (Reference #2).

No maximum total Aluminumfiltration values are
established. However, excessive filtration needlessly
reduces the x-ray intensity with little gain in the
iafffective beam energy and possible shortened x-ray tube

ife.

The HVL is a function of x-ray tube age (use), the
tube voltage waveform and the kVp. As the x-ray tube
ages, the target's surface pits and becomes rough” which
I hcreases the inherent filtration of the tube.
Therefore, if the kV calibration of the generator and the
added filtration remain constant during the lifetine of
the tube, the HVL will increase and the radiation output
will decrease. Thus, a nodest change in HVL from one
survey to the next does not necessarily nean that the kV
calibration has changed.

The values for minimum HVL in Table | under the
"Qther X-ray systems" heading for the kVp range of 30-50
apply to dedicated mammographic units (Reference #6).
The radiol ogic physicist should verify that Ml ybdenum
added filtration is used Wi th Mol ybdenum anode
manmogr aphi ¢ x-ray tubes if the machine allows the
operator to choose, ,

Materials other than Al uninum (Copper, Mblybdenum
and rare earth elenents), or specialty filters (trough
filters, and wedge filters) are occasionally used. If
such a filter is not permanent, it nust be renoved during
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the HVL neasurenent. _

The test protocols of the follow ng two sections
describe nethods to measure the HVL to determne
conmpliance with mininum filtration requirenents. Since
the HWL is a function of the actual high voltage applied
to the x-ray tube, the protocols assunme the unit's kV
calibration’is correct. If such is not the case, the

Table I. Minimum HVL Requirement

Designed Measured Minimum HVL (mm of Al)
Operating Operating
Potential Potential *Dental Other X-ray Systems
(kVp) (kVp)
Below 51 kVp 30 1.5 0.3
40 1.5 0.4
50 1.5 0.5
51 to 70 51 1.5 1.2
60 1.5 1.3
70 1.5 1.5
Above 70 71 2.1 2.1
80 2.3 2.3
90 2.5 2.5
100 2.7 2.7
110 3.0 3.0
120 3.2 3.2
130 3.5 3.5
140 3.8 3.8
150 4.1 4.1

*Manufactured after December 1, 1980 and
Designed with Intraoral Image Receptors

Table IX. Minimum Total Aluminum Filtration

Operating Tube Total Aluminum Filter
Potential (kVp) Thickness (mm)
(Inherent Plus Added)
below 51 0.5
51 through 70 1.5
above 70 2.5
measured HVL may |lead to an erroneous concl usi on
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concerning conpliance with m ni num filtration
requirenents. For example. if the actual kV is |ower
than indicated on the operator's console, the neasured
HWL m ght not neet the mnimum HVL specifications even
t hough adequate filtration is in the beam Likew se, if
the kV is higher than indicated, the measured HVL m ght
appear to be adequate even though the filtration in the
beam i s inadequate.

|-7-A Deternination of HL

The HVL of the x-ray beam should be neasured at
| east annual ly, after replacenent of the x-ray t ube
assenbly, or change in the added filter. The neasured
HWL is affected by the anount of scatter radiation at the
ionization chanber (Reference #7). In three phase units
the choice of tube current and exposure tine setting also
affect the measured HVL due to the effects of capacitance

of the high voltage cables (Reference #21). These
i nfluences can be minimzed by using "goo 8eomat ry"
(Reference #7), tube currents greater than 200 mA, and

exposure time settings greater than 0.050 sec (Reference
#21). Conparison of measured HVLs from survey to survey
are nmeaningl ess unless the chosen geonetry, tube current,
exposure time settings, and kVp remmin constant.

Test Method I: Manual Timing

I) Disable the Automatlc Exposure Control (ARC
and operate the unit in the manual node.

2) Position the ionization chamber (which should
be calibrated for the di aanostlc X-ray energy
range) 100 cm fromthe focal spot. If 100 cmis
not practical, use the largest distance allowed.
The 1onjzation charmber should be free standing,
a few inches away fromthe table top or wall
cassette holder to nininize back scatter.

3) Collimate the x-ray field to a size slightly
larger than the ionization chanber.

4) Select an appropriate tube potenti al
(e.g. 80 kVp for radiographic, 30 kVp for
mamogr aphic), a typical clinically used tube
current (eg. 200-400 mA for radiographic, 50-100
mA for mammographic), and an exposure tine
greater than 50 nsec. Make output measurements
with no additional attenuating material between
the focal spot and the ion chanmber. )

5) Make additional output neasurements with varying
t hi cknesses of 1100 alloy Al uminum filters
located near the face of the collimator.

6) Use interpolation to estimate the HVL.
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7) Compare the neasured HVL against "Table |-
M ni mum HVL Requi rement” to determ ne
conpl i ance.

Test Method I1: Units Wth No Manual Timing
1) Prace the unit 1n Automatic EXposure
Control (AEC). ) )
2) Place the ionization chanber a few inches
away fromtable top or wall cassette hol der
to reduce backscatter. The chanber should be
positioned over the center of the AEC sensor.
3) Collimte the x-ray field to a size slightly
arger than the larger of the ionization
chanber or AEC sensor. _
4) Select 80 kVp or the closest available kV
setting.
5  Achi evge an exposure in the 10-20 mAs range
by placing an-appropriate thickness o
umi num or Copper attenuator in front of
AEC sensors, but behind the ionization chanber.
6) Place an additional 4-5 nm Al uni num
(1100 alloy) in front of the AEC sensors at the
[ocation chosen in step #5. )
Record the exposure for this 0 mmdata point.
Renmove 1 nm of the 1100 alloy Al umi num from
behi nd the ionization chanber and place it in
front of the chanber near the face of the
col l'imator.
Record the exposure. o )
10) Repeat steps 8-9 with additional thicknesses
of Al umi num renoved from behind the chanber
and placed in front of it.
11) Use interpolation to estimte the HVL.
12) Conpare the measured HVL against Table |
mnimum HVL's to determ ne conpliance.

oo~

|-7-B. Sinplified Filtration Test

If one is interested only in conpliance and not in
an accurate neasurenent of the HVL, a two exposure
techni que can be enpl o_?_/ed. )

I'n steP (5) of Test Method |, Section I-7-A use
Table 2 "Half-value layers as a function of filtration
and tube potential for diagnostic units", on page 17 in
Reference #8 to determne the mnimmrequired HVL for
the selected tube potential. Pl ace this thickness of
Alum num in the beam If the output of the unit is
greater than one half of the output neasured w thout any
additional filters in the radiation beam the m ninum
filtration requirenent is met. If the exposure is less
than half the zero filter measur enent, addi ti onal
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filtration may be necessary as discussed in Section 1-7-
A This abbreviated test nethod can also be applied to
step #8 in Test Method Il in section I-7-A

|-7-C. Radiation Exposure and Expected Qutput

After verifying correct filtration of the unit, the
radiation output "of ~ the x-ray unit should be neasured at
several tube potentials with ~the tube current stations
routinely enployed clinical Ig. The ionization chanber
can be placed in air 24" (61 cn) fromthe focal spot for
the 40" (100 cm SID (clinical gl_eorretry. Use tube
potentials of 60, 80, and 100 kVp. These enconpass the
nost often enployed x-ray tube potentials in Diagnostic
Radi ol ogy except for mammography and  hi gh kV chest
radiograph& [f the unit operates only in the Automatic
Exposure Control (AEC) mpde, the mAs can be adjusted by
placing attenuators directly in front of the AEC
detectors and noting the indicated mis of each exposure.
These neasurements may be used to estimate the patient
exposure when such a need arises. .

The expected radiation output in nR mAs [(1000/kg =
(pC kg)/ ms] of diagnostic x-ray units with different
t;{qpes of kV waveforms has been neasured or cal cul ated
(References 9, 21, 22, 23, and 24). These expected
values are listed in Table IIl. The final colum of
val ues applies to three phase units, constant potenti al
generators, md frequency units, and battery inverter
mobile units. Al the output data assunes a total
filtration of 2.5 nNm Al and a 24-inch distance between
the ionization chamber and x-ray source. The out put
values in each colum can be mathematically predicted by:

Qutput = C x kVp' [1]

(Reference #24) using the fitted values for the constants
nand Clisted in Table Ill. If the total filtration
exceeds 2.5 mm Al, the expected output values in Table
11 should be reduced. For exanple, at 80 kVp, 15% or
10% reductions to the listed values, single or three
phase respectively, should be applied for every half
millinmeter of Alumnumfiltration added (Reference #24).
Technically, radiation output (mR'mAs) is a function of:
a H|%h Vol tage (kVp) calibration,
b) Tube current rrAS) cal i bration,
c) Exposure timer accuracy,
d) The total filtration in the x-ray tube housing-
col limator assenbly, o
(e) The electrical phase, method of rectification,
and capacitance of high tension cables,
(f) The distance fromthe focal spot, and
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(g) X-ray tube age. _
I'f the nmeasured radiation output deviates nore than
40-50% from the appropriate value suggested in Table |11
the generator may need a conplete kV, mA, and tine
calibration. However, previous generator calibration and
radi ati on output measurenents should be consulted. The
values in Table IIl are not applicable to falling kV
ﬁenerators such as capacitor discharge units which do not
ave constant nR/mAs values at different mAs stations
For detailed discussion of x-ray generator performance
testing, refer to AAPM Report No. 14, "Performance
Specifications and Acceptance Testing for X-ray
Cenerators and Autonatic Exposure Control Devi ces’
(Reference #10).

Table III: Expected Exposure*

Source Chamber Distance = 24 inches (61 cm);
Total Filtration = 2.5 mm Al

Single Phase . Three Phase
Half Wave or 6 or 12 Pulse,
Full Wave Mid Frequency

Units, or Bat-
tery Invertor

Mobiles

kVp mR/mAs  (1000/kg)** mR/mAs (1000/kg)**
60 8 (2.1) 12 (3.1)
80 14 (3.6) 21 (5.3)
100 22 (5.5) 32 (8.1)
125 35 (9) 48 (12)
150 52 (13) 68 (17)
Fitted Parameters for equation #1

n 2.1 2.1 1.9 1.9

c 0.0014+  0.00035++ 0.005+ 0.0013++

*Not applicable to falling kV systems such as capacitor
discharge units.
*%1000/kg = (pC/kg)/mAs
+mR/ (mAskVpR)
++1000/ (kgkVp* )

~On three-phase units (excluding grid controlled
machi nes) residual charge due to the capacitance of the
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hi gh voltage cables contributes to the actual output of
each exposure (Reference #21). Wiile this contribution
to the nmeasured MRImAs is less than 5-10% for tube
currents above 200 mA and exposure tinme settings greater
than 0.05 seconds, exposure neasurenents obtained with
tube currents less than 25 mA and exposure time settings
| ess than 0.005 seconds can be two to three tines higher
than the predicted values in the last colum of Table 111
(Reference #21). Due to the influence of timer setting
and tube current on expected radiation output, the same
techni que settings should be used from one survey to the
next to track the consistency of radiation output over
the lifetime of the tube.

|-7-D. Instrunentation

A good quality ionization chanber and el ectrometer
capabl e of integrating the collected charge is necessary
for HWL and output neasurenents. Since both the
intensity and effective energy of the x-ray beam changes
as a function of added filtration, the ion chanber shoul d
have a relatively constant energy response between 10-120
keV. The collection efficiency should be 95% or greater
for the peak x-ray intensities to be measured. In
addition, no linear dinmension of the sensitive volume of
t he chamber should exceed 6 cm This allows the x-ray
field cross section to approximte good geonetry during
HVL neasurenents.

| -8 Radi ographic Techni que Chart

Verify the availability of a radiographic technique
chart. The chart should contain the followng
i nformation:

a) Exam and projection,

b) Radiographic technique factors as a
function of anatonical size,

c T?/ e and size of imge receptor,

d) SID, and

e) Type and pl acenment of gonadal shi el ding.

-9 ldentification of the Person Conducting the
Eval uation

The report should contain a section that identifies
the radiol ogi ¢ physicist conducting the survey, his/her
title, and any appropriate professional certifications.

| -10. Reconmendations and Suggesti ons

A section which lists identified non-conpliance
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items should be included on the survey forns. A
recomendation or a sug%estmn shoul d acconpanP/. each item
in an effort to bring the unit into full conpliance with
the effective radiation rules and regul ations. It nmay
al so be necessary to contact service engineers to rectify
identified problens.

The radi ol ogi cal physicist should al so bear in nind
that x-ray equi pnent operators may not have received any
formal radiological training concerned wth the safe
operation of a particular piece of equipnment. Therefore,
incorrect operating procedures may be found and may
require correction.
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-3

Checklist Qutline for
Radi ographic Installations

SYSTEM | NFORMATI ON
Installation
1. Date of survey
2. Room nunber
Depart ment / Bui | di ng
3. Institution
4, Unit identification nunber
B. CGener at or
Manuf acturer
Model ¥1 , model nunber, serial nunber
Maxi mum hi gh vol tage )
Maxi mum t ube current mAE
ray Tube Insert
Manuf act ur er
Model type
Serial ‘nunber
Nomi nal focal spot sizes

Lar 9?

Leakage techni que factors
-ray Tube Housing

Model nunber

Serial nunber

Added filtration

BEAM ON CONTROLS AND | NDI CATORS
A Beam On Indicators
1. m\ meter: present and functional ?
2. Varning light: present and functional ?
3. Audible si %nal present and functional?
B. Exposure Switc
1. Deadman type
2. Location
a. Fixed unit: Location within control hbooth

o
N e e I

WX o

b. Mbile unit: Length of exposure cord
SHI ELDI NG DEVI CES AND APPAREL

rons
ﬁp Avai | abl e
2. Enpl oyed
B. G oves
1. Avai | abl e
2. Enpl oyed

C Gonadal Shi el ds
%. Avalll ablde
oye
D. Mobi | enpShlyeI d
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-5.

-6.

-T.

E

Qther Specialized Devices

SClJRCE TO I MAGE RECEPTOR DI STANCE

C.
EADI ATI ON BEAM RESTRI CTORS AND LI GHT LOCALI ZERS

Focal  Spot Local jzation (when x-ray
tube is replaced)
SID indicators o
1. Accuracy of nunerical indicators
5. Accuracy of detents

Accuracy of tape measure
Mobil e or portable SSD accuracy

X-ray Field/Light Field Congruence (at |east
annual |y or after renoval of collimator)
1. lafge cassette
2. Small cassette
X-ray Field/ Cassette Tray Alignment (at. |east
mmmporMHremrwalwmmh ght)
X-ray Field/ Nunerical |ndicator  Accuracy g
| east annually or after repair to colli
bl'ades or dial indicators)
1. large cassette
2. Small cassette
Positive BeamLimtation (PBL) System (at
| east annuaIIY or after repalrs to cassette
tray or i mat or drive not or s or
electronlcs)
1. Table cassette hol der

a. Small cassette

b. Large cassette

C. override function

d. Au 0 return from manual reduction

e. ﬁg%%at a-d for other clinically used

2. Vall Cassette Hol der
a. Small cassette
h. Large cassette
C. Key override function
d. Adto return from manual reduction
elmRepeat a-d for all clinically used

KRIMARY RADI ATI ON BEAM CHARACTERI STI CS

Hal f Value Layer at Specified kVp (at |east

annual |y or after replacenent of X-ray tube,

gﬁnerator recalibration, or filter thickness

change)

%proprlate Type of  Added Filter on
raphic Units

Radi a |on Qutput: nR/'mAs at specified kVp,

total filtration, and distance from focal spot
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(at least annually or as in I-7.A)

-8.  RADI OGRAPHI C  TECHNI QUE CHART

AB\. ﬁval [ability
C. Conpl et eness
-9, | DENTI FI CATION OF PERSON CONDUCTI NG EVALUATI ON
A Nanme
B. Title
C. Professional Certification

-10. RECOMMENDATI ONS AND SUGGESTI ONS
-11. ECBSI BLE ADDI TI ONS

o

oo

In-room Stray and Scatter Radiation Levels

I:(>see Section IV-3)

rotective Barrier/Shielding Survey (See

Section |V-4)

Leakage Radiation (fSee Section IV-2)

H‘ge and Presence of Personnel Monitoring
Vi ces
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Part 11. Medical Fluoroscopic Installations

I1-1. Introduction

Pages 34-37 contain a checklist of the physical
parameters which require evaluation and the information
Inportant to the radiation _ protection survey of
fluoroscopic installations. Some of these paraneters and
information are simlar to those of radi ogr aphic
installations. Wile this part's checklist is conplete,
only the paraneters and 1 nformation uni que to
fluoroscopic installations are discussed here.

I1-2. Exposure Switches and Interlocks

Hand or foot-operated fluoroscopic exposure switches
shal | be deadman SW t ches. The exposure switch for
radlo?raphlc spot filmng, full size cassette film or
hot of | uor ogr aphi ¢ canera should be  hand oper at ed.
wever, some units are hand or foot operated. Special
procedure exani nation roons nmay enploy either hand or
foot operated switches for photofluorographic i magi ng
using a photospot camera or a cine canera.

The image intensifier spot film device and tower
must be interlocked to prevent fluoroscopic exposures
when the imge intensifier tower does not intercept the
entire useful x-ray beam cross section (Reference #1).
If the system allows the renoval of the image intensifier
fromits tower, an additional interlock is necessary to
prevent fluoroscopic exposures when the inage intensifier
I's detached, regardless of the tower position wth
respect to the x-ray beam [f the unit allows the x-ray

tube to be taken out of alignnent, the x-ray tube
positioning must also be interlocked. These interlocks
are easily verified wth fluorescent screen or

dosi meter intercepting the position of the useful beam
while sinultaneously activating the exposure swtch and
positioning the image receptor. _

Fl uoroscopic x-ray tubes may also be interfaced to
produce radi ograghic exposures other than spotfilmng
(en. 35 cmx 35 cmcut filmchangers). In this case.
the comments nmade in Section |-3 concerning beam on
indicators, non dead-man type exposure swtches, and
exposure switch location and cord |ength apply.

I1-3. Fluoroscopic Tiner

A timer shall  be present which presets the
fluoroscopic cumulative "ON' time to maximumlinit of 5
mnutes. An audible signal shall warn the operator of
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the conpletion of the elapsed preset time. Re-initiation
of the fluoroscopic exposure w thout resettinf; the timer
shall restart the audible warning (Reference #). Oder.
non-certified units and sone certified units nay term-
nate the exposure as an alternate to the audible warning.

The operation of the tiner and audible warning
shoul d be checked. One should verify that the tinmer
activates the signal (or shuts off the-radiation) at the
ternination of the preset time. Since this timer my be
used to measure the total fluoroscopic exposure tine per
case, the radiologic physicist should verify the el apsed
exposure time accuracy of the timer (exposure tinme vs
indicated time), if exposure time is indicated.

I1-4. Lead Protective Devices

Three types of lead protective devices are unique to
fluoroscopic equipment. A lead drape hanging from the
fluoroscopic tower or other image intensifier support
intercepts scatter radiation fromthe patient. It should
be in good condition. The operator should be able to
move it so it can be positioned between the operator and
patient at all times. A lead drape normally is not found
In special procedure roons because its presence night
violate sterile fields on the surface of the patient.

The shield of the slot for the cassette holder is a
second type of protective device; it intercepts |eakage
radiation from under table x-ray tubes. The Bucky sl ot
shield may consist of folding steel arns, a hinged stee
door, and/or a lead or steel erectable panel. Verify
that it is operating properly. One or nore of these
designs may be found on the 'same unit.

The table-end shield is a third type of protective
device which intercepts |eakage radiation. ile newer
fluoroscopic tables have end shields, some older units
may not because they are nodified radiographic tables.
The table end shields may sinply be the steel covers of
the table skirt panels.

I1-5. Mninmum Source to Skin Distance (SSD)

A minimum allowed Source to Skin Distance (SSD,
focal spot to skin distance) has been established
(Reference #) within Federal Standards to minimze
entrance skin exposure during fluoroscopic exaninations
The mini mum SSDs are:

a) Stationary fluoroscopes - 38 cm (15")

(b) Mbile fluoroscopes - 30 cm (12")

"Stationary" neans any fixed installation.. Thus, the 38
cm minimum SSD applies to renpote control over-table x-ray
tube fluoroscopic systems with or w thout tonographic
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capabilities. The 38 cm SSD al so applies to lateral
plane x-ray tubes found in biplane fluoroscopic systerms.
Since automatic collimtors required on certified

stationary fluoroscopic units are usually large in size,
the minimum SSD in these cases usually ~cannot be
violated. In fact, many current under tabl'e fluoroscopic

units are designed with ‘an SSD of 46 cm (18").

~ The Federal Standard nakes one exception to the
mobile image-intensified fl uoroscogl Cc SSD when used for
specific surgical application. The mninum SSD may be
reduced to as little as 20 cm (8") (Reference #l).
Please note that this standard apﬂlles only to specific
surgical situations. Therefore, the reduced SSD shou
be allowed only if the surgeon can denonstrate that a 30
pm(le‘% SSD "would render the specific procedure
impossible. Be aware that the surgeon is concerned with
surgi cal procedures and may be unaware of the high
patient skin exposure at short SSDs.

Il-5-A Measurenent of SSD

On a mobile G armtype fluoroscopic systems, the SSD
can be directly measured if the |ocation of the focal
spot is known. If this location is not marked on the x-
ray tube housing, triangulation (Section I-5-A) can be
used to locate the position of the focal spot.
Triangul ation may be used to neasure the SSD on an
under tabl e X-ra?; tube fluoroscope. One radiopaque ruler
is placed on the table top and another is taped on the
underside of the spot film device (Reference #5). Their
relative nagnification can be varied by raising or
[ owering the image intensifier t over . Wien — the
fluoroscopi c image of the markings on the tabletop ruler
are twice those on the ruler taped to the spotfilm
device, the vertical distance between the rulers is equal
to the SSD. This method can be used if the SSD exceeds
the maximum vertical distance between the tabletop and
spotfilm device by using rulers with appropriately spaced
markings and an appropriate nultiplier. If this test is
conpleted when the equipnent is new it should be
repeated only if the type of x-ray tube or its nounting
is changed.

kkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkihkkhkrkddhkkkkkkhikiikkkkk

CAUTION.  The image intensifier nmust be protected from
excessive radiation levels during the test to protect the
TV canera. This can be achieved by using the automatic
brightness control mpde and by placing |-2 nm copper or
[-27in Alum num sheets of appropriate cross section on

the table top.
************g********************************************
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I1-6. Radiation Beam Restriction and Al ignnent

This section  describes the evaluation of the
collimator's ability to automatically restrict the x-ray
field size to the size of the selected portion of the
imge receptor. This paraneter should be evaluated at
| east annually or after any repair or adjustnent to 1)
collimator drive motors or bl ades, 2) collimtor
electronics, 3) image intensifier tower SID sensing
device, or 4) cassette holder within spot film device.
In addition, this section evaluates the alignment of the
x-ray beam central ray with the center of the image
receptor. Msalignment can occur due to: _

(a) Incorrect positioning of the fluoroscopic

tower with respect to the focal spot,

(b) Incorrect positioni n% of the imge

intensifier within the fluoroscopic tower.

(c) Incorrect positioning of the cassette within

the conventional spot film device,
d) Incorrect centering of the photospot canera, or
e) Incorrect centering of the television canera

or nonitor.

Ali gnment shoul d be evaluated at |east annually or after
any rt()apau or adjustment which could affect alignment in
a-e above.

Il-6-A Test Method

The following test method (Reference #11) nay be
used to evaluate = x-ray beam alignment and “heam
restriction. The outliné is listed here to illustrate
the scope of this testing procedure. The only test
equi pnent required are comercially available ready pack
direct exposure filmand a beam restriction test tool.
This test-tool sinply consists of a 1/2" Al um num
attenuating block 8" x 8" in cross section on 1/2" |egs.
An orthogonal set of slide channels are cut into the
bl ock to accept radiopaque bars made of brass.

Fl uor oscopi ¢ _Mde ) )

Ty Adjust the tower vertically to result in the
m ni num SI D.

2) Place the test tool on the tabletop and
select the image intensifier's largest field
of view Record the distance fromthe top
of the test tool to the level of the cas-
sette in the spotfilmer. Record the
distance fromthe tabletop to the top of
the test tool.
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During fluoroscopy, center the test tool.
This process is normally easier if one of
the two pair of collimator blades is closed
to give a "slit image" with edges parallel
to one of the orthogonal channels.

Lock the fluoroscopic tower in place when
centering is conplete. Tape the test tool

Place the collimtor in the automatic node
of operation. If automatic node is not
present, open collimator conpletely using

Insert the brass radiopaque slides in their

During fluoroscopy, adjust the slides
until their edges are just visible at the
edge of the fluoroscopic image.
Place a penny on the test tool within the
fluoroscopic field of view Place a ready
pack filmon ton of the test tool and
penny. The penny is used to deternine
orientation on the processed film

Make a fluoroscopic exposure of approximtely

Process the test film verify sufficient
density on the filmto imge-the test tool

If the image intensifier has nmore than one
field of view (eg. 9"-6"-4"?, repeat steps
6-10 for each remaining field of view

If the systemis equipped with automatic
collimator sizing as a function of SID,
repeat steps 1-11 with the tower positioned
vertically at the maxi mum SID.

Place a |oaded cassette in the spot film device.
Select the full size spot film node.

Wth the collimator in the manual node reduce
the size of the x-ray field until the edges of
the collimator blades are visible on the

Expose, process, and verify density on the

3)
4)
to the tabletop.
5)
the manual node.
6
) channel s of the test tool.
7
8)
9)
100 mAs at 80 kVp.
10)
and radiation field.
11)
12)
Spot Film Mde Alignment
13; Repeat steps T-4 above.
14
15;
16
fl uoroscopi ¢ inmage.
17)
spot film
18)

Repeat steps 14-17 for each avail abl e spot
film format. For each format make enough
exposures to fill the inmage receptor (eg.

four exposures when the 4 on 1 node is

sel ected).
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19) If any question concerning alignnment as a
function of SID exists, steps 13-18 should
be repeated with the tower positioned vertically
at the maximum SI D,

Spot Film Field Sizing
20) Repeat steps [-4 above. . .
21) 5' ace an unloaded cassette in the spot film
evi ce.

density. _
26) Repeat steps 21-25 for each available

spot filmer format o

27) Repeat steps 20-26 with the tower positioned

vertically at the maxi num SID.

The above test nmethod is used when the x-ray tube is
under the tabl etop. The test method, steps |-12 and 20-
27, also assumes automatic collimation is present and is

22) Place the collimator in the automatic node
and select the full size spot film node.

23) Place a ready pack filmon top of the test
tool on the table top. .

24) Make three exposures using the technique of
step 17.

25) Progess the film Verify the correct

)

the routine choice for clinical work. If this is not the
case, the unit should be evaluated in the mnual
collimator mode. |If the x-ray tube is overhead, (eg.

renote unit) the ready pack ~ film rmust be placed
underneath the test t ool directI[v) on the tabletop.
Normal |y, a nobile fluoroscope can be evaluated with the
X-ray tube below the image intensifier. A stretcher can
be used in this case to provide a tabletop.

Il-6-B. Evaluation of Congruence Between X-ray Field/
Field of View of [naging Chaln

Steps |-12 of Section Il-6-A allow evaluation of the
congruence between the x-ray field and each field of view

of the imaging chain as a function of the SID. On the
images, the inside edges of the radi opaque slides mark
the field of view of the imging chain. The dar kened

area on the filmdefines the actual radiation field size
and location. The center of the radiation field is
determ ned by drawi ng diagonals fromthe corners of the
darkened area. The center of the test tool marks the
center of the field of view of the imaging chain.

~ For certified equipnment, the congruence of the
radiation field size with respect to the imaging chain's
field of view shall be within an accuracy of 3 percent of
the SID. The sum without regard to 'sign, of these
differences along any two or t hogonal di mensi ons
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intersecting at the center of the field of view shall not
exceed 4 percent of the SID (Reference #1).

I1-6-C. Evaluation of Spotfilm Alignnment

Steps 13-19 of Section II1-6-A allow evaluation of
the alignment of the central ray of the x-ray field and
the center of each selected portion of the imge receptor
within the spotfilmdevice as a function of the SID.
each inmage, the diagonals drawn fromthe corner of each
darkened area mark the center of the x-ra¥.field. The
center of the selected portion of the il mcan be
determned from diagonals and nmeasurements on the film
The alignmant.of the x-ray field center and center of the
sel ected portion of the image receptor in the spotfilm
device should agree to within 2% of the SID (Reference
#1).

|1-6-D. Evaluation of Spotfilm Field Sizing

Steps 20-27 of Section II1-6-A allow evaluation of
the size of the x-ray field with respect to the size of
each selected portion of the image receptor within the
spotfilm device as a function of the SID. On the inmages
one can neasure the x-ray field size at the location of
the test tool. The magnification factor can be
calculated since the follow ng distances are known:

a) From focal spot to tabletop (Section Il-5),

b) Fromtabletop to test tool top, and

c) Fromtest tool top to image receptor. ,

The magnification factor is applied to the x-ray field at
the test tool to calculate the field size at the image
receptor level in the spotfilmer. Either the length or
the width of the x-ray field shall not differ by nore
than 3% of the SID with respect to the length or the
wi dth of the selected portion of the imge receptor. The
sum of the absolute values of these length and width
differences shall not exceed 4% (Reference #1).

khkkkkhkhkkkkhkkkkikihkkkhkkikkkhkkkikkkdkkihihkkkkikikikkk

CAUTI ON: This paranmeter cannot be measured by eval uating
The degree of overlap of individual exposure fields made
on a | oaded cassette placed in the spot film device.
Many units contain a second square or rectangul ar
di aphragm between the patient and image receptor in the
spotfilm device. |f present, this diaphragm reduces the
x-ray field to the appropriate size at the Image receptor
in the spotfilm device if the x-ray field size is too

large at the patient position.
LT e e e e T T e T e e e e T e e e T S Y
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|1-6-E. Alternate Test Methods

The test nmethod briefly described in I1-6-Ais only
one of many. While the test equipnent required for this
method is nminimal, many inmages nust be exposed and
processed to conpletely  verify a conventional spot film
device and imaging chain. Lin has described in detail
the design and use of nore expensive test tools which
drastically reduce the time required to conplete the

testing (References #5 and  #12). Hendee and Rossi
(Reference #11) also suggest alternate test tools which
reduce testing time. Reference #4 by Gay et. al. is

anot her source of alternate test nethods.

I1-7. Radiation Qutput and Beam Characteristics

~ Wth the exception of the paragraph on manmography
units, all the general comments in Section |-7 apply also
to fluoroscopic x-ray beans.

||-7-A Determnation of HVL

The HVL of the fluoroscopic x-ray beam should be
measured at l|east annually, after replacement of the x-
ray tube assembly, after generator recalibration, or
change in the added filtration. The measurenent shoul d
be made in "good geonetry" (Reference #7). The effects
of high voltage cable capacitance on the nmeasured HVL on
three phase units (Reference #21) can be elimnated by
collecting data with the rate node of the dosineter.

On single phase units the measured HVL decreases as
the fluoroscopic tube current increases due to the cable
capaci tance of the high voltage cables (Reference #22).
HVL neasurements obtained with the dosineter in the rate
mode on these units do not avoid this effect; these HVL
conpli ance measurements shoul d use the maxi mum
fluoroscopic tube current setting.

Conparison of fluoroscopic neasured HVLs from survey
to survey are meaningless unless the chosen geonetry,
kVp, and on single phase units, tube current renain
constant.

kkkkkkkhkkkhhkkihkkhkkhhkhkihikhkkhhkhkhihhibkdhihihhkhhikkikhkdhkhkiiid

CAUTI ON: During neasurement of the HVL of a fluoroscopic
beam an appropriate attenuator should be attached to the

face of the image intensifier avoi d excessive
radiation rates at its input. Failure to do this could
damage the inmage intensifier television chain during HVL
nmeasurements. See Section I I-5-A for suggest ed

thi cknesses of this attenuator.
Rkkkkkkhihhkkhkhhkkikhkdkhkkihhhkhhkkkkhkihhhhkhkkihirkkhkikis
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HVLs for Units Wth Manual Exposure Rate Controls
Fruoroscopic systens W th nenual exposure rate
controls allow use of Test Method | in Section I-7-A with
some minor geonetry changes. The immge intensifier
should be set at its maximum SID on under table x-ray
tube systems. The added Alunminumtest filters are put on
the table top while the ion chanber is placed hal fway

between the table top and spotfilm device. (On over
table x-ray tube systems, the geometr suggested in
Section i-7-A does "not require change.y Fl uoroscopy can

be used to center the dosimeter, filters, and x-ray beam
and to mnimze the x-ray field size. An exposure rate
measurement during routine fluoroscopy (set kV and mA) or
an integrated exposure neasurement ‘using the spot film
mode (set kVp, , and time) can be used.

HVLs for Units Wthout Manual Exposure Rate Controls

— Changing the thickness of test frliratron 1n the
primary beam of nobst Automatic Exposure Rate Controlled
s%/stems LAERC) results in a change in the kVp which
changes the HVL. Therefore, in the AERC node of
operation, the total thickness of added filtration
between the focal spot and image intensifier nust remain
const ant.

HVL Test Method |I: Noninvasive, 80 kVp Test Point

1) Extend the |rra?| ng charn tower to Its
maxi mum_  SI D.

2) Place the ionization chanber hal fway between
the spot filmdevice and tabletop on undertable
x-ray tube systems. Place it halfway
bet ween the tabletop and focal spot on
overtable x-ray tube systens.

3) Tape two or three 0.8 mn.(0.03"?] copper sheets
and 4-5 mm 1100 al | oy Al um num sheets onto
the underneath side of the imge inten-
sifier tower for undertable systens.

Pl ace these attenuators on the tabletop
on overtabl e systens. .

4) Adjust the collimator during fluoroscopy
to mnimze the x-ray field size at the
i oni zation chanmber. .

5 Add or subtract Copper until 80-85 kVp
is obtained during fluoroscopy.
adj ustment in kVp can be achieved by
reducing the SID. (77-83 kVp is ac-
ceptable for this measurenent.)

6) Record the exposure rate, this
is the 0 nm data point.
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7) Conplete steps #8-#12 of Test Method Il
found in Section I-7-A

HVL Test Method I1: Noninvasive, Mximm kVp Test Point
I) Use 1dentical geonetry described in steps
1 and 2 in Test Method I, Section II-7-A
Place an Al um num or Copper attenuator
(1" or 1 mmthickness respectively) in
the beamto protect the image intensi-
fier from unattenuated x-rays.
3) Adjust the collimtor during fluoroscopy
to mnimze the x-ray field size at the
i oni zation chanber.
4) Rerove attenuators of step 2 and place
Lead attenuator directly 1n front of imge
intensifier to drive the systemto
maxi num kVp duri ng. f1 uoroscopy.
5) Record the kVp indicated and exposure
during fluoroscopy.
6) Conplete steps 5 through 7 of Test Method
[, Section I-7-A ) )
The two test mnethods described above are noninvasive.
The following nethod requires the AERC circuitry to be
overridden so the kV and mA can be controlled manually.

Test Method IIl: Invasive ) .

Mbst TTuoroscopi ¢ systens with only AERC contain an
override that enables manual control of the fluoroscopic
technique factors. In the override manual node, Test
Method | of Section I|-7-A may be used. However, the
override is usually a service and naintenance feature
which is not readily accessible to the operator.

|1-7-B. Entrance Exposure Rate

After verifying that the total filtration of the
unit is in conpliance with Federal Standards. the patient
entrance exposure rate nust be measured.  The entrance
exposure rate of fluoroscopic ec1U| pment with automatic
exposure rate control (AERC) shall not exceed 10 R'min
(2.6 nC/(kgnmin)) (at the point where the center of the
useful beam enters the patient during fluoroscopy
(Reference #). If an optional high ‘exposure rate
control is present, the entrance exposure rate shall not
exceed 5 Rimin (1.3 nmC/(kgnin)), unless the high exposure
rate control is activated (Reference #l). Continuous
manual pressure by the operator shall be required to
activate the high exposure rate control (Reference #I%.
Dur i n? the activation of this node, a continuous audible
signal to the fluoroscopist shall be available. Federal
Standards do not specify a maximum entrance exposure rate
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for the high exposure rate node. However, it is
considered good practice to linmt this node to 10 R/nin
(2.6 nC/(kgmin)) unless a specific clinical need has been
identified

The entrance exposure rate of fluoroscopic quipnent
without AERC, shall not exceed 5 Rimin (1.3 nC/ (kgnin))
during fluoroscopy unless the unit is provided wth an
optional high exposure rate control (Reference #l). If
the unit is provided with this option the coments about
hi gh exposure rate control in the previous paragraph
apply.

PP yThe Federal Standards al so specify the location of
the entrance plane of the patient at which the above
mexi num exposure linits apply  (Reference #1). The
i oni zation chanber shall be positioned one cm above the
tabletop or cradle if the x-ray source is installed under
the tabletop. If the source is installed above the
tabl e, the ionization chanber shall be positioned 30 cm
(12") above the tabletop with the end of the beam
limting device positioned as closely as possible to the
ionization chamber. |If the fluoroscope has C-arm type
geonetry, the ionization chanber should be positioned 30
cm (12") fromthe input surface of the image intensifier
assenbl y

Wiile the entrance plane for |ateral quoroscoPes is
not defined in the Federal Standard (Reference #c?, an
"FDA Compliance Policy Gui de™ was i ssue to
manuf acturers, assenblers, and field test personnel in

1977.  This guide Reference  #13) states that the
i oni zation chanber shall be |ocated 15 cn1%6") fromthe
center line of the table in the direction of the latera
X-ray source with the end of the beamlimting device or
spacer positioned as close as possible to the chanber.
Any novabl e table ton shall be positioned as cl ose as
ossible to the lateral x-ray source, with the end of the

eamlimting device or spacer no closer than 15 cm (6")
to the table top centerline

|1-7-C. Entrance Exposure Rate Measurenents

~_ To_ test conpliance, geonetrical arrangenment of the
ionization chanber, x-ray tube, and inage intensifier
specified in the previous section should be followed. If
it is not practical to do this, the geonetry enployed
shoul d be as close as possible to that recomended, wth
inverse square law corrections applied to the exposure
rate readings. Any clinically used grid should be in
position during thése neasurenments

Measurenent of the maxi mum entrance exposure can
nornal Iy be achieved by Placing a Lead plate of at |east
3.2 mm (1/8") at the face of the inmmge intensifier
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assenbly. When the maxi num entrance exposure of a unit
is measured, the | ead plate protects the inmage
intensifier from excessive entrance exposure rates.
Also, it is good practice to avoid |long exposures at the
maxi mum factors mininizing the chance of exceeding the
thermal rating of the x-ray tube. These measurenents
shoul d be conpl eted at east annual ly or after
repl acenent of the x-ray tube, generator recalibration,
filter thickness change or adjustnent to the AERC

I1-7-D. Qualitative Evaluation of Autonmatic Exposure |ate
Control _Devices

Normal [y, one should ensure that the automatic
exposure rate control device is functioning at |east
annual |y or after repairs. The procedure described bel ow
is a sinple qualitative check. [t should not be
consi dered a substitute for the quantitative check which
shoul d be completed during the original acceptance
testing of the automatic exposure rate control device and
subsequent calibrations.

I'n general, the fluoroscopic systems AERC should
sel ect the fluoroscopic techniques listed in Table IV.
The various design strategies of acconplishing this are
discussed in Reference # 14. These sug?ested t echni que
factor conbinations are only rough guidelines, Equipnent
kV and mA selections in EraCtl ce depend on the gain of
the image intensifier, AERC sensor f-stop, the SID, the
FOV, and the AERC sensor gain adjustnment and reference
vol tage settings. Thus, generally one should not pass
judgenent on the AERC function unless the operational
l ogic of the AERC is understood.

Table IV. Expected AERC Techniques
SID = 30 inches (76 cm)
9" (23 cm) FOV

Attenuator kVp Range mA Range
Aluminum Copper
0.75" or 1.6 mm 70-75 0.8-1.2
1.5" or 3.2 mm 80-90 1.6-2.2
3.2 mm Pb 100-125 3.0-3.5
- (maximum) (maximum)
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-2

Checklist Qutline for
Fl uoroscopic Installation

SYSTEM | NFORMATI ON ( See Section |-2)
A Installation
1. Date of survey
2. Room nunber
3. Department/Building
4. Institution
5. Unit identification nunber
B. Generator
1. Manuf acturer
2. Model type, nodel number, serial number
3. Maxi num igh vol tage kV)
4. Maxi mum tube current S)
C. X-ray Tube Insert
1. Manuf acturer
2. Model type
3. Serial nunber
4. Nom nal focal spot sizes
a. Lar
. Smal
. Leaka e technique factors
X-r% e Housing
del numnber
. Serial nunber
3 added filtration

EXPOSURE SW TCHES AND | NTERLOCKS
A, Fluoroscopic Swtches
1. Deadman type
2. Hand or foot operated
B. Radi ographic Spotfilming Switches
1. Deadman type
2. Hand operated o .
C. Special Procedure Room Spotfilming Switches
1. Deadman type
2. Hand or foot operated .
D. Radiographic Exposure (eg. Cut Film Changers)
Switches (See Section I-3)
1. Non-deadman type
2. Location
E. Fluoroscopic Interlocks
1. Position interlock on tower
2. Image intensifier attachment interlock
F. Radi ographic Exposure (eg. Cut film changers)
Beam on Indicators (See Section |-3)
1. m neter
2. Warning |ight
3. Audible signal
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FLUOROSCOPI C Tl MER _

A Five Mnute Maxinum Setting

B. Audible Warning Functional _

C. Accuracy of Elapsed Exposure tinme (at |east
annual Iy or after repairs or replacenent)

SHI ELDI NG DEVI CES AND APPAREL

A. Lead Drape
1. Presence
2. Condition

B. Bucky Slot Shield
1. Presence
2. Working condition
3. Adequacy

C Table End shield Presence
D. Aprons_ﬁSee Section 1-4-A)
1. Available
2. Enpl oged _
E. Goves_f ee Section |-4-B)
1. Available

2. EnPI %ed _

F. Conadal Shield (See Section I-4-C)
1. Available
2. Enpl oyed _
Mbbil'e Shield (See Section |-4-D)
Ot her Specialized Devices

G
H
M N MUM SOURCE- TO- SKIN DI STANCE ( SSD)
A, M ni num Fl uoroscopic SSD

1. X-ray tube below table (after a change

in type or nounting)
2. X-ray tube above table
3. CGarm

RADI ATI ON BEAM RESTRI CTI ON AND ALI GNVENT
(Si zing checks should be performed at |east an-

nually or after repairs or adjustnent to the

collimator, its electronics, imge intensifier
tower SID sensing device, or cassette hol der
within spotfilm device. Alignnent checks

should be performed at |east annuaIIK or after
adjustnments or repairs to the cassette hol der
of the spot film device, to the photospot canera,
to the television camera, or to the television
moni tor.) _ _ o
A. Fluoroscopic Mde Aignment and Sizing
SM nimum SI D, auto and/or manual node)
. lLarge FOv (14", 13", 12", 11", 10", or 9")
2. Medium FOv (10*, 9", 7", or 6")
3. Small FOV (6", 5", or 4 1/2")
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B. Fluoroscopic Mde Alignment and Sizing
(Maxi mum SID, auto and/or manual node)
1. Large FOv (14", 13, 12", 11", 10", or 9")
2. Medium FOvV (10", 9", 7", or 6")
3. Small FOV (6", 5", or 4 1/2")
C. Spot Film Alignnent (mininmum SID)
l.l1on1
2. 2on1l )
a. Longitudinal
b. Transverse
3.40n1
4. 9onl
5. etc.
D. Spot Film Alignment (rmaxinmum Sl D)
l.ilon1
2. 2on1
a. Longitudinal
b. Transverse
3.40n1
4. 9 onl
5' etc'. . . . . .
E. Spot FilmField Sizing (mininum SID, auto
and/ or manual node)
l.lon1
2. 1onl1
a. Longitudinal
b. Transverse
3.4o0n1
4. 9onl
5. etc. o )
F. Spot Film Sizing (maxinum SID, auto and/or
manual node)
1. 1 onl
2. 2on1l
a. Longitudinal
b. Transverse
3. 4onl
4. 9onl
5. etc.

RADI ATI ON QUTPUT AND BEAM CHARACTERI STI CS

A Half Value Layer at Specified kVp (at |east
annual Iy or after replacement of x-ray tube,
generator recalibration, or filter thickness
change)

B. Maximum Entrance Exposure Rate (at |east
annual |y or after replacement of x-ray tube,
generator recalibration, filter t hi ckness
change, or adjustnent to AERC)

1. Automatic exposure rate control (AERC)
2. Manual exposure rate control
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[1-8.

[1-9.

-10.

C. Qualitative Evaluation of AERC Device (sane
frequency as |1-7.B

| DENTI FI CATI ON OF PERSON CONDUCTI NG EVALUATI ON
A. Nane

B. Title

C. Professional Certification

RECOMVENDATI ONS AND SUGGESTI ONS (See Section |-10)

POSSI BLE ADDI Tl ONS

A In-room Stray and Scatter Radiation Levels
(See Section-1V-31

B. Protective Barrier/Shielding Survey (See
Section 1V-4)

C. Leakage Radiation (See Section IV-2) . .

D. Use and Presence of Personnel Mnitoring

Devi ces
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I1l. Dental Radiographic Installations

I11-1. Introduction

Many items discussed in the Medical Radiographic
Installafion Section, Section |, are applicable to dental
X-ray units. Pages 45-47 contain a checklist of the
physical parameters which require evaluation and the
Information inportant to the radiation protection survey
of dental radiographic installations. Wiile this
section's checklist is conplete, only information and

araneters unique to dental installations are discussed
ere.

Dent al radi ographi c equi pnent can be divided into
three major categories: intraoral, cephalonetric, and
panoram c systems. The panoramic Xx-ray systemis a
tonographic unit unique to dentistry. It usually has a
fixed SIDin the range of 18" to 22" (45-56 cn) and an
exposure time of 15 to 25 seconds. The radiation beamis
usually collimated with two slit collimtors, one at the
end of a short cone attached to the x-ray tube and the
other in front of the image receptor.

The intraoral system uses small image receptors which
are held in place by the patient's teeth during the
exposure. Therefore, this unit has no attached I mage
receptor holder. Normally, the x-ray beamis collimated
by a cylindrical cone.

The cephal ometric unit may be dedi cated or may
consist of an intraoral x-ray tube assembly attached to a
nmechani cal device which support s the image receptor. The
i mge receptor normally is 8" x 10" (18 cmx 24 cn) in
size; the SIDis from#60" to 65" (152 to 165 cm).

|11-2. BeamOn Controls and |ndicators

Wth the exception of the conment on cut film
changers, all the statements of Section -3 apply to
dental radiographic installations. I'n addition to
surveying the unit, the physicist should verify that the
operators are using the exposure time and the exposure
cord properly. Manually terminating the exposure by
rel easing the deadman exposure switch or not standing as
far away from the x-ray source as possible are two
possi bl e error.

I11-3. Mninmum Source Skin Distance: Intraoral Unit

The minimum x-ray source to skin distance (SSD?1 of a
dental unit used with intraoral image receptors shall be
18 cm $7") if the unit is operable above 50 kVp (Reference
#1). |If the unit operates at or bel ow 50 kVp, the mi ni mum
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SSD shall be 10 cm (4") (Reference #L). The distance
between the end of the cone attached to the tube head
assenbly and focal spot usually can be neasured with a

tape measure. If the location of the focal spot is not
indicated or if the tube has been replaced since the
grev! Ious survey, see Section I-5-A for measur enent
etails.

Federal standards do not specifﬁl] an SSD for
cephal ometric or panoranic units. e geonetrical

requi rements of these two units result in SSDs in excess
of the specifications for intraoral units.

I11-4. Source to Inmage Receptor Distance: Cephal onetric
Uni t

The neasured Source to I mage Receptor Distance (SID)
should be within 2% of the SID indicated t he
cephal ometric unit (Reference #1). This distance usually
can be neasured with a tape neasure. The location of the
focal spot, if unmar ked, can be located  using
triangulation (Section 1-5-A). Since this SID requirenent
does not apply to fixed SID units, it does not apply to
Panoram c units. It is also not aBpI_icabIe to intraoral
units because operationally the SSD is fixed and the SID
is variable due to varying patient anatomny.

IIl-5. Radiation Beam Restrictors

~ Beamrestriction on a dental unit usually consists of
a circular, rectangular, or slit diaphragm nounted at the
X-ray tube/cone junction of an intraoral, cephalonetric or

panoram c unit, respectively. Since light localizers are
not used, beamrestrictor tests are straight forward. The
method is discussed in IIl1.5 A B, and C These tests

shoul d be conpleted at |east annually or after renoval
and/or adjustnment of the diaphragm

IIl-5-A Intraoral System

For a unit with an SSD equal to or greater than 18 cm
(7"), the x-ray field size at the plane of the SSD nust be
contained within a maxi num dianeter circle of 7 cm (2.8")
(Reference #1). If the SSD is less than 18 cm (7"), the
maxi mum di aneter circle nust be less than 6 cm (2.4")
(Reference #l). "Contained" in this context neans that no
part of the cross-sectional area of a different shaped x-
ray field ?eg. square, rectangle, etc.) falls outside the
boundary of the circle, The boundary of the x-ray field
is defined as the "edge" of the field where the exposure
rate is 25% of the maxi mum exposure rate within the field
(Reference #1).

This parameter is measured by neking an exposure on
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an appropriate image receptor which is larger than the x-
ray tield placed at the distal end of the cone. The inage
receptor can be film fluorescent screen, etc.

Il1-5-B. Panoramic System

The rectangular slit within the cone nounted on the
X-ray tube assembly should restrict the size of the x-ray
beamto a size smaller than the slit opening on the irra%e
receptor support housing. The alignment of the x-ray tube
assenbly with respect to the image receptor support
housing shall ensure that the entire x-ray beam falls
within the slit opening on the inmage receptor support
housi n%. Vertical beam misalignment results in either top
or bottom cone cut on the film Horizontal m salignnent
requires increased radiographic technique factors due to
attenuation of the x-ray beam by the edge of the slit in
front of the image receptor. Both horizontal and vertical
m salignment_of the slits results in unnecessary patient
exposure. The accuracy of the slit's size and alignnent
can be verified by exposing a film (with appropriate
marks) or a fluorescent screen taped on the slit of the
i mage receptor support housing.

I11-5-C. Cephal onetric System

) The alignment of the central ray of the x-ray beam
with respect to the center of the inage receptor shall be
within 2 percent of the SID (Reference #1).  The x-ray
field shall be restricted so that each dinmension does not
exceed the inmage receptor dimension by more than 2 percent
of the SID (Reference #1). Since the cassette hol der
general ly pernits the inmage receptor to move horizontall
to conpensate for different patient mandibular and crania
profiles, the image receptor should be placed in the
center of the cassette holder when the alignnent is
checked.

To verify the alignment and size of the x-ray field,
place a 14" x 17" (35 cmx 43 cn) cassette distal to the
cassette holder. Measure the source to film distance.
Expose the film The field size in the image is scaled to
the field size at the cassette holder. A shadow inmage of
the cassette holder should also be present on the film
This may be used to verify x-ray beam to image receptor
al i gnment .

I11-5-D. Labeling of Cones or Apertures

Cephal onetric units may use nore than one size of

imge receptor. In this caSe the system usually uses
removabl e cones or apertures to restrict the x-ray beamto
neet the federal requirenents listed in II11-5-C. Each of
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these interchangeabl e cones. or apertures  shall have
per manent | abels which indicate the inage receptor size
and SID for which the beam restrictor is desi gned
(Reference #1).

I11-6. HVL Measurenent

Measur enent  of radi ati on beam quality on
Cephal onetric and Intraoral units is a straight forward
process. The comments of Sections -7, |-7-A and |-7-B
apply.

Special care nust be used to make HVL neasurements on
Panoramic units. These x-ray units have |ong exposure
tines. In general, one nust wait 5 minutes between
Panor am ¢ exposures of 15-25 seconds to ensure that the
heat |oad of the tube's anode is not exceeded. This heat
load can be nininized by making exposure rate neasurements
and terminating the eXposure- inmediatel after the
el ectrometer reading stabilizes. IN EMPLOYI NG  EI THER
METHOD, CARE SHOULD BE EXERCI SED AND THE MANUFACTURER S
TUBE RATING CHARTS SHOULD BE CONSULTED TO | NSURE THAT TUBE
LOADI NG LI M TATI ONS ARE NOT EXCEEDED. _ _

One desires stationary geonetry of the Panoramc unit
when meking HVL  neasurenents. Depending on the
manufacturer, the rotating notion of the panoramic unit
can be disabled by renoving the appropriate fuse. The
reconmended nethod for this is usually noted in the
installation manual. This allows one to position the
i oni zation chanber on a stand in front of the post patient
slit aperture. )

One nore ﬁeomet_ry concern for HVL neasurenents is
[f_resen_ted by the slit aperture of the x-ray tube cone.

he slit aperture produces a '[T¥]pl cal x-ray field size of
13 cmx 0.6 cm (5" x 0.25"). e 0.6 cmdinension results
in approximtely the sane partial coverage of the typical
i oni zation chanber regardless of the thickness of test

filter in front of the chanber. Whi | e each measured
exposure is too small, the same test filter thickness is
required to reduce the nmeasured value to one half of its
measured zero filter val ue. Therefore, provided the

position of the ionization chanber "within" the x-ray
field does not change, a sufficiently accurate mneasurenent
should result.

Hal f val ue | ayer measurenents should be conpleted at
least annually or ~ after replacement of  x-ray  tube,
generator recalibration, or filter thickness change.

I11-7. Patient Exposure

Patient exposure is greatl Ex i nfluenced by film
[.l)_r ocessing conditions. The Dental Exposure Nornalization
echni que (DENT) program an ongoing study by the Center
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for Devices and Radi ol ogi cal Health (CDRT% of the US
Departnent of Health and Human Services (USDHHS), has
docunented that dental film devel opment is a msjor problem
(Reference #15). In a typical full muth intra oral
radi ographic exanination, a patient is subjected to 14 to
20 exposures. The entrance exposure of overlapped areas
is high and can be excessive unless the filmis properly
devel oped.  Dental radiograEPic exposure guidelines have
been established by the FDA for a routine intraora
bitewing exanmination for "D' and "E' Speed Dental Film
(Reference #15). These are listed in Table V.

Using the facility's clinical techniques measure the
exposure with an ionization chanber positioned at the
aﬁproprlate.SSD. The obtained val ue should be conpared to
the appropriate values in Table V. |f the exposures per
film are higher than the appropriate range, the filmis
probably being under devel oped.

I the neasured exposures are low and the HVL
measured in Section I11-6 is not excessive, the filmis
probably being over developed.  This leads to fogging of
the processed films which dinnishes radiographic contrast
and overall image quality. Over or under deveIoPnEnt
nornal ly is caused by an inproper conbination of film
chenistry, devel opment” tine and/or tenperature

Table V. Bitewing Examination Exposure Guideline

Operating Range of Radiation Exposure

X-ray Tube per Bitewing Film

Potential
(kVp) D" Speed Film “E" Speed Film

mR (uC/kg) mR (}xC/kg)
50 425-575 (110-148) 220-320 (57-83)
55 350-500 (90-129) 190-270 (49-70)
60 310-440 (80-114) 165-230 (43-59)
65 270-400 (70-103) 140~200 (36-52)
70 240-350 (62-90) 120-170 (31-44)
75 170-260 (44-67) 100-140 (26-36)
80 150-230 (39-59) 90-120 (23-31)
85 130-200 (34-52) 80-105 (21-27)
90 120-180 (31-46) 70-90 (18-23)
95 110-160 (28-41) 60-80 (15-21)
100 100-140 (26-36) 50-70 (13-18)
Exposure Conditions:

Tube Current 10 mA 10 mA

SSD: 8" (20 cm) 12" (30 cm)

Filtration: In accordance with

Table II of Section I-7
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The general comments of Section |-7-C on neasuring
radi ati on exposures apply to dental x-ray units. The
i oni zation chanber and el ectroneter describéd in Section
|-7-D are appropriate for t hese nmeasur enents on
Cephal onetric or intraoral units. Most dental units are
singl e phase hal fwave or full wave rectified units. The
expected exposures at 24" fromthe x-ray source as a
function of kV are listed in Table Ill, Section |-7-C.

Due to the geonetry of the Panoramic unit, the
patient tissue exposed toradiation is continually
changing. Therefore, the pati ent entrance  exposure

mRImAs) is less than the expected radiation output
MR mAs) within the slit beam The patient entrance
exposure per film can be neasured by placing the
i oni zation chanmber at the location of the patient's skin
(at chin support) and by scanning across it using clinical
kV and mA settings. The manufacturer's tube rati ng chart
shoul d be consulted to avoid overheating the tube when
maki n%_ mul tiple exposures. o . .

0 measure the exposure within the slit x-ray field
(nR/ mAs) for conparison with the values in Table III,

section 1-7-C, use the ionization  chanber geometry
described in section Il11-6 and use short exposure tines to
col l ect exposure rate date. Correct these readings to

mR'ms val ues and for error due to partial coverage of the
ionization chamber. The correction factor for partial
coverage error is the ratio of the total volune of the
chanber to the radiated chanber volunme. The actual width
of the x-ray slit field should be known from measurenents
in Section I'll-5.B.

Patient entrance exposures shoul d be measured at
| east annually or after replacenent of the x-ray tube,
generator recalibration, filter thickness change or a
change in film or devel opnent techniques.

I11-8. Multiple Tube Configuration

Miltiple tube configurations are comonly found in
many dental offices and clinics. One generator may be
installed to power as many as four x-ray tubes. Only one
exposure switch nay be present to initiate an exposure
from any one of the x-ray tubes, or each x-ray tube may be
equi pped with its own = exposure switch. In such
configurations, the x-ray tubes must be interlocked to
[|J_revent exposure from nore than one x-ray tube at a tine.
he x-ray tube selected for the exposure should be clearly
identified (Reference #1).

I11-9. Mechanical Support

Certain states require checks of mechanical supports.
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The nechani cal support of the x-ray tube on Cephal onetric
and Panoranic units shall be designed so that the x-ray
tube housing assenbly remmins stable during an exposure
after positioning. is should be evaluated on intraora
units by Pla0|ng the x-ray tube assenbly in the
posi tions/angl es commonly used clinically. ~_The
cephal onetric unit should be set up in its clinical
geormetry to evaluate mechanical stability. Wi le the x-
ray tube assenbly is not stationary on Panoramic units
during exposures; it should be rigidly supported to
maintain the vertical and horizontal “slit alignment
discussed in Section |Il-5-B

I11-10. Shielding Devices

The comments made in Section |-4 also generally apply
to dental installations. Typically a |ead apron is placed
on the patient to provide *whole body” and specifically
gonadal shielding. Thyroid shields are also effective at
reduci ng thyroid doses As Low As Reasonably Achievable
(ALARA) for dental patients.
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[1-1.

-2

-3

[11-4.

Checklist CQutline For
Dental Radiographic Installations

SYSTEM | NFORMATI ON (See Section |-2)
Installation
Date of survey
Room nunber
Depar t ment/ Bui | di ng
Institution
Unit identification number
ner at or
Manuf act ur er
Model type, nodel nunber, serial nunber
Maxi mum hi %h vol tage Ekv )
Maxi mum tube current
-ray Tube Insert
Manuf act ur er
Model type
Serial nunber
Nomi nal focal spot sizes
a. Lar
b. Small
Leakage technique factors
-ray Tube Housing
Model nunber
Serial nunber
Added filtration

BN W N QOIS W

w0 N <o

BEAM ON CONTROLS AND | NDI CATORS (See Section [-3)
A Beam On Indicators
1. mA neter: present and functional ?

2. \Wrning light: present and functional ?
3. Audible si %nal present and functional ?
B. Exposure Switc

1. Deadman type
2. Location

a. Fixed unit: | ocation outside of exam
room
bh. Mbile unit: Iength of exposure cord

M NI MUM SOURCE- SKIN DI STANCE: | NTRACRAL UNIT

A Focal Spot Localization (when x-ray tube
is replaced)

B. SSD Accuracy

SOURCE- TO- | MAGE RECEPTOR DI STANCE:
CEPHALOVETRIC UNIT

A Accuracy of Detents

B. Accuracy of Tape Measure

C.  Accuracy of Markings
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[11-5.

[11-6.

[1-7.

[11-8.

[11-9.

-10.

11.

RADI ATI ON BEAM RESTRI CTORS
A Intraoral System (at least annually or after
removal of cone)
1. X-ray field dianeter at SSD
B. Panoramic System (at lest annually or after
removal or adjustment of slit diaphragm
1. Slit size
2. Verticle alignnment of slit
3. Horizontal alignment of slit
C. Cephalonetric System (at |east annually or
after renoval or adjustnent of diaphragm
1. 8 x 10" (18 x 24 cm) receptor
a. X-ray beam alignnent
b. X-ray field size
2. Other receptor size
a. X-ray beam al i gnnent
b. X-ray field size
D. Labeling of Renovable Cones or Apertures

HALF VALUE LAYER AT SPECI FlI ED KVP (at |east
annual ly or after replacement of x-ray. tube,
generator recalibration, or filter  thickness
change)

PATI ENT ENTRANCE EXPOSURE (at |east annually or as

in 1l11-6)
A R mAs .
B. Intraoral Entrance Exposure/Film

MULTI PLE TUBE CONFI GURATI ON
A Interlocks
B. Light Indicators

MECHANI CAL  SUPPORT
A Lack of Tube Drift

SHI ELDI NG APPAREL (See Section |-4)

A rons
?p Avai | abl e
2. Enpl oyed

B. Mbile Shield

C. Thyroid Shield
1. Avai | abl e
2. Enpl oyed

RADI OGRAPHI C TECHNI QUE CHART (See Section |-8)
A Availability

B. Use

C.  Conpl et eness
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[11-12. 1 DENTIFI CATION OF PERSON CONDUCTI NG EVALUATI ON

(See Section 1-9)

A Nane

B. Title o _
C. Professional Certification

[11-13. RECOMVENDATI ONS AND SUGGESTI ONS (See Section |-10)

[11-14. PCSSIBLE ADDI TI ONS
A, In-room Scatter Radiation é_See Section V-3
B. Protective Barrier/Shielding Survey See
Section |V-4) _
C.  Leakage Radiation (See Section IV-2) _ _
D. LDJge and Presence  of Personnel Mnitoring
vi ces
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|V. Measurement of Area Radiation Levels

[V-1. Introduction
Parts |, Il, and IIl, have concentrated on equi pment
related radiation safety matters. In addition to these

concerns, a radiation ‘survey of the facility should be
performed. . The following three types of radiation |evels
In the vicinity of the machine may be of interest:
a) Scattered radiation inside the exam nation room

b) Stray radiation outside the exam nation room
c) Leakage radiation fromthe x-ray tube housing.

Measur enment  of scattered radiation inside 'the
exam nation room should be checked annually. The
measurenent of radiation |evels outside the procedure room
is necessary prior to first clinical use and follow ng
room nodi ficati ons.

| V-2. Leakage Radiation

Al certified diagnostic medi cal and dental
di agnostic source assenblies  must neet the  Federal
Standard for the diagnostic source assenbly (Reference
Go?" This standard results fromthe definition of a
i ag
(

nostic-type protective tube housing" by the NCRP
Reference #2):

An x-ray diagnostic source assenbly nust

be so constructed and assenbled that the

| eakage radiation nmeasured at a distance of 1

meter fromthe source does not exceed 100 nR (25.8

uC/ kg) in 1 hour when the tube is operated at its

maxi rum continuous rated current for the maxi mum

rated tube potential." .

As stated in NCRP report No. 33 (Reference #2), "in
general, nodern diagnostic tube housi ngs i ncorporate
sufficient attenuating naterial to limt the |eakage
radiation to that pernitted in the definition of a
di agnostic-type protective housing and it is probably
unnecessary to perform | eakage tests in the field on
modern x-ray machines". Unless one suspects a faulty x-
ray tube housing is causing excessive |eakage radiation as
a result of the housing' s age, appearance, history, high
measured radiation levels rnside the room as noted in

Section I1V-3, or unless it is required by State
Regul ations, this survey is generally not necessary.
In general, |eakage radiation neasurenment conditions

cannot be precisely met and various technical problens
must be overcone. Exanples are:
(a) The geonetry of "1 nmeter fromthe source"
vs. actual physical limtations in the
exani nation room
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(b) The lowest tube current station available
on the control panel exceeds the maximm
continuous rated current for the maxi num
rated tube potential, and
(c) Dental x-ray tubes may have a specified
duty cycle in addition to the maxi mum
continuous rated tube current.
| f the ionization chamber cannot be positioned one neter
fromthe source in certain radial directions the readings
can be corrected using the inverse square |aw.

Radi ographi ¢ x-ray tubes nornally have a nmaxi mum
continuous rated tube current of 3-5 mA at maximum kVp
This value nust be obtained fromthe unit's tube rating
chart. If, for exanple, the |owest mA station on the unit
is 50 mA and the maxi num "continuous" tube current is 5
m\, an exposure rate Ieaka%e readi ng must be scal ed by
[/10 (5 mN¥50mA) to obtain the |eakage rate at the maximum
continuous rated tube current. If the mA station and tube
ratings remmin the same, but an integrated |eakage reading
u5|ng 100 mAs is nmeasured, multiply the neasured reading
by 180/hr to obtain the correct |eakage rate

(3600 sec/hour) x 5 mA
100 mAs

= 180/hr 2]

An integrated |eakage reading is preferred on radiographic
x-ray tubes to prevent long exposures and excessive nheat
Ioadln? to the tube. _ _

f the | owest station available 'exceeds the
maxi mum continuous rated tube current on a dental x-ray
tube, the correction factor is calculated as described in
the previous paragraph. However, many dental Xx-ray tubes
al so have a specified duty cycle, eg. 6 seconds/mnute
The | eakage reading in this case nust also be nultiplied
by this duty cycle, 1/10, to obtain the |eakage radiation
rate at the tube's maxi num continuous tube current.

The following recommendations should be followed

during |eakage radiation measurenents

1) Select the |owest tube current station.

2) Select an exposure time that is appropriate
for the ionization survey meter's response
time. (Mbst survey meters have a response
time of 4 to 5 seconds.) _

3) Select the highest tube potential allowable.
(Consult the tube rating chart.)

4) Do not exceed the total heat capacity of
the anode and the x-ray tube housing
during the survey.

5) Cose-the collimator blades and bl ock
the collimator port with at least 10
HVL equival ent of |ead.
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6) Select positions on the surface of an
i magi nary sphere of 1 neter radius with
its-center located at the focal spot.
Include points at a height equal to
the plane including the tube housing
and the collimator junction.

7) Measure the | eakage radiation at the

sel ected positions.

8) Correct any data which could not be

collected 'at 1 neter,

The average reading over 100 square centineters at 1
met er should not exceed 100 nR in one hour, normalized to
the maxi mum current for continuous operation at t he
maxi mum (or the maxinum all owabl e) tube potential. No
i near dinmension of the 100 square cm area shoul d be
greater than 20 cm (Reference #l).

IV-3. In-room Scattered Radiation Measurenent

In room stray and scattered radiation | evel
nmeasurenents are often necessary for routine fluoroscopic
systems or special procedure suites. Measurenents around
stationary radiographic systens and portable x-ray units
may al so be necessary to assure that the non-radiation
wor kers are not subjected to excessive amounts of
radi ati on.

The technique factor requirenments are similar to
t hose en'lpl oyed in | eakage radiation |evel neasurenments. A
water, plastic, or pressed wood scattering phantom shoul d
be placed in the primary beam It should he approximtely
30 cmx 30 cmx 25 cm (width x length x thickness) to
sinulate an average adult abdonen. Suitable sizes should
be employed to simulate other parts of the body, eg. 15 cm
x 19 cmx 15 cmfor an adult head. Al uninum or Copper are
unaccept abl e as scatterin? material s.

he equi pnment should be arranged to sinulate the
clinical situation. Measurenments should be made at the
fluoroscopist's, angi o?rapher's, radi ographer's, and other
ancillary personnel”s Tocations. To assess the total
scattered radiation delivered to each point of interest,
the neasured exposures should be scaled to a weekly
exposure using appropriate workload infornation.

|V-4. Protective Barrier/Shielding Assessment

Shi el ding provided by room barriers nust be adequate
to reduce radiation levels to personnel, patients, and the
general public to neet the guidelines established by NCRP
Report No. 39, "Basic Radiation Protection Criteria"
(Reference #16). The actual thickness of shielding
required is a function of the follow ng:

(a) Type of material in the barrier,
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b) Orientation of the x-ray beamin the room
c) Workload of the x-ray unit,

d) Size of the room and the equi pment |ayout, and

e) Degree of occupancy in the adjoining areas.

One cannot arbitrarily assunme that a given thickness of
Lead will be appropriate on all barriers. )

Existing records of room barrier design and the
report of the shielding evaluation should be reviewed.
Any one of the followi ng conditions should cause a new
barrier evaluation to be Initiated.

(a) Records of previous room barrier certifi-

cation b\ﬁ a qualified expert as defined
by NCRP Report No. 49 cannot be found
&Reference #17) . o . )
revious room barrier certification is
i nconpl ete.

(c) It cannot be established with certainty
that changes in equipnent, its operation,
or the room barriers have not been made
since the last barrier certification.

If the facility is new, a conplete survey of the
facility during and after the construction should be done.
This includes visual inspections of shielding integrity
during the construction of the room barriers, relative
neasurenents to detect any voids in the barrier with an
appropriate radioisotope prior to installation of the
radi ographi ¢ equi pnent; and quantitative neasurenents of
stray radiation levels outside the room after installation
of the radiographic equi pment . In this case,
"quantitative" means the deternination of exposure |evels
per week outside the room using the installed equipnent as
the source of radiation. Actual readings must be scal ed
to reflect the projected workload of the Installation. If
the facility's shieldinn has been nodified, spot checks
shoul d be made. . . )

Actual procedures in the evaluation of protective
barriers have been di scussed in NCRP Report No. 57,
Reference #18) and nore recent lzf’ by K J. Strauss
(Reference #19). NCRP Report No. 49 (Reference #17) and
NCRP Report No. 35 (Reference #Z20) contain information on
the design of barriers for routine x-ray rooms and dental
X-ray roons respectively.

|V-5. Instrunentation

The quantitative survey neter used to measure |eakage
radiation, scattered radiation within the room or
radiation levels outside the room barriers nust be chosen
caref ul Ily. An ionization chamber with a sensitive vol ume
of one liter coupled to an electrometer with integrating
capabilities is one type Of instrument suitable for
nmeasuring weak radiation fields of short duration. The
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following factors nust be considered when quantitative
measurements are conpl et ed:

a) Meter's energ}/, response

b) Meter's directional response

c) Meter's intensity response ,

d) lon chanmber cross sectional area corrections

e) Meter's calibration

f) Meter's response time in the rate node on

its most sensitive scales.

The selection and use of survey neters to measure |ow
level radiation fields have been di'scussed in nore detail
in References #18 and #19.
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['V-2.

[V-3.

[V-4.

Checklist Qutline
Measurement of Area Radiation Levels

LEAKAGE RADI ATION (prior to first patient use or
anytime danage to the tube housing is suspected)

A~ Measurenent #l

B. Measurement #2, etc.

| N-ROOM SCATTERED RADI ATI ON MEASUREMENT (annual |y)
A, Operator Position in Front of Table

1. Table upright

2. Table horizontal

Head End of Table

Foot End of Table

Back Side of Table

Location of Ph(?/SI ol ogi cal Monitoring Equi pnent
Q her Cccupi ed Locations in Room

Control Booth: Waist High at Operator's
Location During Exposure

Behind Control W ndow

PROTECTI VE BARRI ER/ SHI ELDI NG ASSESSMENT (prior to
first patient use or as needed, see Section |V-4)
A Visual Inspections During ‘Const ruction
1. Barrier thicknesses
2. Joint integrity
3. "Wap" integrity at electrical bores, etc
B. Relative Measurements Wth Radioi sotope, Prior
to Installation of Equi pment
Control booth
Vi ew wi ndows
Each V&l |
Fl oor
Ceiling
Location of voids
a. Wapped el ectrical boxes
b. Joints
Room entrance
a. Door
b. Maze
antitative Measurements Wth X-ray Unit
Control booth
View w ndows
Each wal |
Fl oor
Ceiling
Location of voids
a. Wapped electrical boxes
b. Joints
Room entrance
a. Door
b. Maze

T oTMmoOw

RPN

~

C

s wrn RO

~
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