
FIG. I. Photograph of (�-1) a pin hole lead diaphragm, and (B) compound phantom.
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A PHANTOM METHOD TO EVALUATE THE

CLINICAL EFFECTIVENESS OF A

TOMOGRAPHIC DEVICE*

By J. T. LITTLETON, M.D.

SAYRE, PENN5YL�ANIA

T HE recent appearance of at least 8

new plu nid!irectional tomographic de-

vices places the radiologist in a position

of dependence when comparing d!iffenent

units. It seems important, therefore, to

have some basis for comparing d!if�erent

devices and some tecilnique for peniodicall�

checking the performance of one’s chosen

unit. Fortuitously, most of the physical

properties of a tomographic device which

affect the picture, such as its mechanical

stability, the geometric form of the ob-

scuring movement, false image formation,

section thickness, etc. can be read!ily exam-

med by 2 simple phantoms: a pin hole in a

lead diaphragm and a composite phantom

(Fig. i,AantiB).

PIN HOLE PHANTOM

Pin hole tracings of the tube-film ob-

scuring movement can be made with a lead!

diaphragm in which a 3 mm. beveled! hole is

located in the center. If the lead diaphragm

is located approximately 12.0 cm. above

the plane of focus and an exposure (120

mas. at 6� kv.) is made through the full

cycle of the obscuring movement, the re-

sulting pattern will be a film record! of the

tomographic movement and will provid!e

the following information:

A. The tracing wi/i describe the geometric

f orm of the obscuring movement. Figure

2 illustrates 4 basic obscuring move-

ments: linear, elliptical, circular, and! a

S From the Department of Radiology, The Robert Packer Hospital and Guthrie Clinic, Sayre, Pennsylvania.
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LINEAR ELLIPTICAL CIRCULAR HYPOCYCLOID

A
.. 5.0 Sec. Exposure

2.5 Sec. Exposure

11G. 3. (il) Tracing ofelliptical tomographic movement. Note incomplete exposure. (B) Significant unwanted

motion develops in this device as speed of the tomographic movement is increased from � to �.#{231}seconds.

The unwanted n�otion is recognized as a wavy pattern in the tracing.

848 3. T. Littleton APRIl., I97�

JIG. 2. Pin hole tracings of � l)aSic

tOmOgra�)hic movements.

COin p01.1 nd Iii OV�IY1 en t (hvpocy cloid).

All of tile movements in these tracings

5110W gOod a! ign fll ell t 0 f t h e tom o-

graphic movement anti normal me-

chanical stability. A properl� adjusted!

tomographic d!evice should! not silow

any unwanted motion in any of the

blurring movements.

B. The mechanical stability of tile ap-

paratus can be assessed! fronl tile pill

hole picture. Figures 3, �TI and B; and

4, �1 and! B are tracings of 2 dlif}erent

movements fronl 2 d!ifferent tomo-

graphic devices, each of which Silows

significa Ilt 1.1flw�ll ted motion d!evelop-

ing as tile speed! of tile tonlographic

movement is increased.

C. The completeness of the exposure will

appear as an open section in tile trac-

ing. Figure 3�T/ indlicates that the expo-

sure is hot complete tilrough an ellipti-

cal blurring movenient. Skip areas of

area ter magn mtud!e call adversely a flect

tile tornogram. Figure 5, zI and B, is a

tracing of a tomographic dievice whicil

SilOtIld! have provid!ed! a half circle

obscuringmovement. tile tracing (Fig.

5B) illdicates that the tul)e is enen-

gized OIllV (luring a sfllall arc of tile

sweep aild! hence tile effective blurring

movement is a small angle linear sweep

rather than a ilalf circle. Overnid!ing

of tile exposure will also be detected!
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FIG. 4. (�1) Pin hole tracing of a 3Q0 circular movement showing good stability of the unit, although the

tracing is not exactly a circle. (B) This same movement at high speed exhibits significant unwanted mc�-

tion together with accentuation of the loss of the circular pattern.

by this method. Figure 6z/ is a tracing

of an experimental spiral movement

which was produced by selective

timing to eliminate a circular portion

of the movement in the center of tile

spiral. The first attempt failed to elim-

mate the circle and! was easily detected

in the pin hole tracing.

D. Variation in intensity of exposure n�av

be a factor of tube speed! and will be

noted as a change in the density of the

tracing. Figure 7, zI and] B, illustrates

2 spinal movements, both of which

demonstrate a decrease in tube speed

with increasing intensity of exposure

as the movement approaches the cen-

ten ofthe spiral. Variations in intensity

of this magnitud!e reduce the effective-

IleSS of the spiral movement, for in this

instance the major portion of the ex-

posure is occurring during an arc of less

than 360#{176}and hence the blurring char-

actenistics of this movement will

approach that of a circle rather than

a spiral.

E. The pendular angle can be measured

B

Actual Arc

FIG. 5. (�1 and B) A gross example of incomplete exposure during the tomographic movement. The actual

arc at B represents only approximately 20 per cent of the intended 1800 arc shown at 4. The quality of

the blur, therefore, will resemble a linear movement rather than a semicircle.
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A B. ___

lic. 6. (A and B) Pin hole tracings of an experimental spiral movement produced from a circular movement.

The spiral (B) was created by selectively timing the exposure to eliminate the parent circular movement.

The first attempt (il) failed to eliminate the circle and for practical purposes this blurring movement

would then still resemble a circle more closely than a spiral.

A

-C... �

-5

Large Spiral

FIG. 7. (1 and B) Tracings of 2 spiral movements illustrating the change in intensity of exposure with de-

creasing speed of the tube as it approaches the center of the spiral.

Ii

B
Small Spiral
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A

3O� Circle

B

Li near
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FIG. 8. (�1) An intended circular tomographic movement is seen to be an ellipse, oblique to the long axis of

the table. (B) Two linear movements were intended to be perpendicular to each other but the tracing

shows the transverse movement to be oblique to the long axis of the table rather than perpendicular.

FIG. 9. (4 and B) Interval thickness can be measured directly as the amount of wire in focus at ii, as corn-

pared to a millimeter scale at B.
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with a pin hole tracing. A spot exposure

is made with a tube in o position and!

its relationship to the entire tracing

allows one to check the half angles.

F. Orientation of the movement with

reference to tile long axis of the table

will be apparent in tile pin hole trac-

ings. ligure 8d silows the tracing of a

unit set for a �o#{176}circle. Tile device

is actually describing an ellipse which

is oblique to the long axis of the table.

Figure 81? is a tracing from a dievice

Wilich was intended to pnovid!e 2 linear

Ill 0 V�fll ell ts perpeniJicular to each

other; the malalignment is obvious

ill the tracing.

COMPOSIlE PHANTOM

A single tomographic exposure through

tile mid!p!ane of the composite phantom

brings into focus #{231}test patterns on one film

on singly, if d!esired, by I)locking out tile

otiler pattenils witil lead! Silie!dlS (Fig. i ,

and! B). The first pattern is designed to

measure section thickness (Fig. iz/). It ilas

been previously described in d!etaiP an(l

consists only of � inclined! copper wires,

one inclined! tilnougil a dlepth of i .o cm. to

measure millimeter increments and the

otiler through a (depth of �.o cm. to measure

1.0 cm. increments. The inclined! wires are

adijacent to x-ray rulers, nleasuring in niilli-

meters and! centimeters. This pattern per-

mits the direct reading ofsection thickness,

allows one to examine tile accuracy of tile

level indicator, and tile exactitude of the

section intervals. The magnification factor

and! tile constancy of tile geometry can also

be examined from tilis pattern. Focal plane

thickness is read! dlirectlv as tile amount of

. � ;� � �

r:�: � . � � ) � �

�

�-

r.

l1(�. 10. (4 and B) Interval thickness test pattern illustrates a change in the center of the focal plane when

switching from a large spiral movement (M to a small spiral (B).
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FIG. I I . (�1) Interval thickness test pattern with a 30#{176}circular blurring movement. Increasing the angle to

600 (B) produces sufticient geometric distortion to blur the entire focal plane. No clear focal plane image

can be identified.
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wire that is in focus (luring the tomo-

graphic exposure. For example, in Figure

9, 11 and B, the wine in focus at zi is mea-

suned with calipers and compared to the

millimeter scale at B to indicate a section

thickness of I .8 mm. This same test pattern

will allow one to detect a changing focal

plane between 2 (!if}erent tomograpilic

movements. For example, in Figure 10, zI

alld! B, tile focal plane level is seen to change

almost 0.5 mm. I)etween a small spiral

movement (l�ig. iozl) and � large spiral

torn ognapili c moveni en t (Fig. i oB) . Geo-

metric d!istortion of the focal plane image

will also become apparent in this test pat-

tern. Figure i izl represents an exposure

made with a 30#{176}circular tomographic

movement. \\hen this angle is increased

to 6o#{176}(Fig. i iB) the geometric distortion

becomes so great that no image is formed

in tile focal plane. Notice that the wine is

not clean1� in focus anywhere tilnough tile

intended focal plane; hence, this device

at this circular niovement COuldi never pro-

duce a clear tomographic picture.

The second portion of the phantom con-

sists of 2 identical patterns of io/i,ooo

inch copper wine arranged! ill arcs and radii

(Fig. iB). This phantom is also described

in numerous previous communications.24

One of the 2 identical patterns is located!

in the plane of focus and! the other 5 mm.

al)ove the focal plane. The first pattern

represents a picture of tile focal plane and

tile second! represents the blur from any

element layer outside tile focal plane. The

picture and! the blur are, therefore, sepa-

rated! for purposes of examination. From

this test pattern one can examine the form

of the blur and! predlict its eflectivenesS

(Fig. I 2, //-L) as well as to visualize the

sharpness of the focal plane image. Figure

13, // and! B, illustrates the blur pattern

produced by an i8#{176}open circle which was

provid!ed! by the manufacturer to simulate a

linear movement at high speed!. The blur
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tIC. I 2. (A-E) Wire pattern to illustrate a clear focal plane image at 4 and the blurring characteristics of �

tomographic movements: (B) linear, (C) elliptical, (D) circular, and (E) hvpocvcloid.
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pattern, however, is that ofan ellipse rather

than a linear movement. The blur pattern

of a lange spiral movement such as we

noted! in Figure 6z1 will resemble a circle

more closely than a true spiral movement,

so that we may expect the blurring charac-

tenistics of tile circle rather tilall a spiral.

The next test pattern consists of 3 strips

of wine mesh having 20, 30 and! so lines pen

inch respectively (Fig. 14, I-C); each

strip is inclined at an angle of 7#{176}.The focal

plane image through the center of the strips

permits an evaluation ofresolution. A good

device should! resolve �o lines per inch (Fig.

i4C). In addition, false image formation

can be detected! by the recurrence of the

screen pattern above and below the focal

plane.

The completeness of the marginal occur-

rences of the beam and, therefore, the ac-

cunacv of the roentgen record! of the focal

plane image can be assessed from the next

test pattern (Fig. is, zi and B) which rep-

resents one ra!iuS ofa phantom previously

described by Stieve.5 Nine small copper

wires (4 on either sid!e) are inclined from a

center wire, which is perpendicular to the

x-ray beam, at 5#{176}increments to a total of

20#{176}inclination for the peripheral wire. To-

mograms through the midsection of each

wire should, therefore, produce a circular

pattern for the central wire and an oval

pattern for the inclined wires. A linear sec-

tioii, Figure I sB for example, would not

produce a complete picture of this wine,

inasmuch as there is not a great enough di-

rection cilange of the obscuring movement

to provide marginal occurrences of tile X-

ray beam with the entire periphery of the

wire. A compodlild movement would pro-

duce a better picture, as shown in Figure

15/1.

Although I am certain that plastic and

wire test patterns allow one to reliably pre-

dict the effectiveness of a tomognaphic de-

vice and! its obscuring movement, the ra-

diologist is primarily concerned with the

quality of the tomograms of human tissue.

For this reason, the final test pattern in

this phantom consists of the head! and! prox-

imal shaft of a iluman humerus, the mid!-

plane ofwhich is removable and! contains a

simulatedlesion in tile spongiosa ofthe bone

( Fig. iB). The tomogram can, therefore, be

compared with a conventional roentgen-

ogram of the simulated! lvtic lesion and the

quality and accuracy ofthe tomognam com-

pared with the actual appearance of the

lesion.

DISCUSSION

The radiologist in his search for a new

tomographic device needs some standard!

of comparison when reviewing different

units produced by different manufacturers.

He needs to be concerned about the geo-
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FIG. 13. (ii) Tracing of 18#{176}“open-circle” designed to simulate a linear

movement. Blurring characteristics (B), however, resemble an ellipse.
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2.5 Sec. Circle 5 Sec. Circle Hypocyc bid

FIG. 14. (.�1-C) Wire mesh pattern to examine the resolution of a tomographic movement. (A) High speed

circular movement with significant unwanted motion. No clear focal plane image is seen. (B) Same move-

ment at slower speed with improved resolution. (C) Compound movement showing excellent resolution

to 50 lines per inch.
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metric form of the obscuring movements

provided, the effectiveness of the blur pro-

duced by these movements, the mechanical

stability of the unit, the size of the focal

spot and! all of the other factors which af-

fect the sharpness of the focal plane image.

Tomograms of the skull made by a dlistin-

guished colleague using a particular appa-

ratus dloes not provide sufficient infonma-

flon to permit an intelligen t comparison.

Clinical tomognams can be compared! only

with tomognams tha t an�� radiologist might

�1
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B

11G. I5. (�1 and! B) Stieve test pattern showing in-

complete marginal occurrences of x-ray beam with

hypocycloid movement (il) and incomplete tan-

gential occurrences with linear movement (B).

have seen ill tile past. Perhaps this radio!-

ogist has never seen a good! one. A standard!

series of tomograms on a standard! phantom,

however, d!oes provide a precise and exact

method of comparison between d!� fferent de-

vices. Experience gained from testing � dif-

ferent units by 5 dlifferent manufacturers

indicates that this phantom technique does

provide a reliable estimate of the quality of

the clinical tomognam. In addition, once

the radiologist has chosen his tomographic

device he needs some way ofmonitoning its

performance during its useful life. A phan-

torn technidlue lends itself very readily for

this purpose.

SUMMARY

The physical properties ofa tomographic

device which afTect the clinical tomogram

can be readlily examined! and! evaluated

with phantom techniques consisting of a

lead diaphragm with a 3 mm. pin hole and

a compound phantom containing 5 test ob-

jects.

The tecilnique for using these phantoms

and their effectiveness are described!.

Department of Radiology

The Robert Packer Hospital and Guthrie Clinic

Sayre, Pennsylvania I8840
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