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ABSTRACT

High-resolution radiography for skeletal imaging may be done

with optical or radiographic magnification procedures. In the former

technique, Industrial Type M film is used without screens, and the

image is viewed with 4-10x optical magnification. In the latter

technique, RP film is used with Detail screens and 4x geometric

magnification together with a microfocus x-ray tube having a 50 \m

nominal focal spot size. The imagine; properties of these two high-

resolution techniques are evaluated by means of H S D curves, MTFs,

and noise Wiener spectra. The clinical applications of these

techniques are discussed. It is concluded that, for thin objects such

as the hand, the optical magnification technique provides better bone

images than the radiographic magnification technique employed in

this study. For thicker parts such as the knee, however, the radio-

graphic magnification technique results in superior skeletal images.

INDEX TEEMS: Bone radiography, Hand, Knee, Magnification Technique,

Image Quality, MTF, Noise Wiener Spectrum
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High-resolution radiography for the detection of subtle changes

in the peripheral skeleton nay be performed by two different magnifi-

cation techniques. One may be called optical magnification, in which

fine-grain film is used without screens and the image is viewed with

4-10x optical magnification by means of a hand lens^ projector, or

microscope (1-6). The other may be called radiographic magnification,

in which a screen-film system and 4x geoinetric magnification are

employed in conjunction with a grid-biased microfocus x-ray tube. The

optical magnification technique has neen applied to over 2,000 patient

examinations in our department, and its clinical usefulness has been

well demonstrated (4-6). In addition, the effect of physical param-

eters on image quality -?ith this technique has been studied in detail,

and it has been shewn that the present optical magnification technique

is almost optimal for radiography of the peripheral skeleton (7). On

the other hand, clinical experience with the radiographic magnification

technique is rather limited at present, and the physical parameters

have not been optimized. It has been suggested, however, that radio-

graphic magnification may overcome some of the limitations of optical

magnification (8,9), including the high radiation dose to the patient

and the special viewing procedure required.

A comprehensive analysis comparing these two techniques for

skeletal imaging has not been undertaken previously, except in pre-

liminary form (8). The aim in this study is to compare the imaging

performance and clinical results for the two techniques. The physical

image quality .is evaluated by H S D curves,• MTFs, and Wiener spectra.



Both hand and knee phantoms were selected so that the bone images

for thin and thick parts of the body, respectively, could be examined.

It has generally been believed that optical magnification used with

fine-grain direct x-ray film is superior to radiographic magnification;

it will be shown that this is not always true.

HAND RADIOGRAPH*

Exposing conditions for the two techniques applied to radiography

of the hand are illustrated in Fig. 1. VJith the optical magnification

technique, Kodak Industrial Type M film and a large focal spot of

1.5 im nominal size are used. The average distance of bone structures

in the hand from the film was estimated from lateral radiographs to be

24 nrn, which corresponds to a geometric magnification of 1.02 at a

120 cm focal spot-to-film distance. In optical magnification for the

hand, 50 instead of 65 kVp are used for routine clinical examinations.

However, since the lowest setting for the microfocus x-ray tube

(Siemens Bi 125/3/50 RG) employed for radiographic magnification is

65 kVp, the same value is used in this study for the optical magnifica-

tion so that the comparison of the two techniques is not made more

difficult by a contrast change in the input x-ray patterns. With the

radiographic magnification technique, a 4x geometric magnification and

a slow screen-film system (Kodak RP film with DuPont Detail screens)

with a microfocus tube having a 50 micron nominal focal spot size are

used. These technical parameters for radiographic magnification were

chosen on the basis of preliminary'studies and are not necessarily

optimal. The speed of RP-Detail is approximately 40 times greater than



that of Type M. Although the radiation per unit area of the hand

for the 4x radiographic magnification ircreases to approximately

16 tiir.es that for contact radiography with RP-Detail, it is still

about 1/3 that for optical magnification. This dose reduction is one

of the advantages of the radiographic magnification technique.

Imaging Properties for Hand Radiography

The fundamental physical characteristics of imaging systems, i.e.,

contrast, sharpness, arid noise, are evaluated by means of the char-

acteristic curve (and/or gradient curve)3 the HIT, and the Wiener

spectrum, respectively. The characteristic curves and gradient for

Type M and RP-Detail film are shown in Fig. 2. The greater speed and

latitude of the screen-film system can be appreciated from the H 6 D

curves. From the gradient curves, we have selected an average density

of approximately 1.5 for hand radiographs with the RP-Detail, because

the film contrast is maximal at that density. A density of 2 or

greater is selected for radiographs with Type M, based on a radiologist's

evaluation of clinical radiographs. At these average densities, the

gradient of Type H is higher than that of RP-Detail by at least 25%,

depending on the density of Type M chosen. However, the scattered

radiation, which reduces the contrast of image details, is less for

the radiographic than for the optical magnification, due to the air

gap effect. According to our measurements on the hand phantom during

optical magnification, the scattered radiation relative to the primary

radiation was approximately 25-60%, depending on the .location of the

phantom. Because of the air gap, which is inherent in the radiographic



magnification technique, the scattered radiation was reduced to-

approximately 10-25%. Therefore, the relative advantage of the high

contrast inherent in Lhe recording system for optical magnification

(25% or more) is almost canceled out by the increase in scattered

radiation (15-35%), and the resulting image contrast in the two

techniques is quite comparable.

The MTFs of the recording system, and geometric unsharpness for

hand radiography are shewn in Fig. 3. The MTFs, which were obtained

experimentally by the Fourier transformation of slit images (10,11),

are shown in terms of the object plane. This display method permits

a comparison of imaging performances for systems having different

magnifications. With the optical magnification technique, the MTF

of Type M film is almost perfect and the MTF of geometric unsharpness

is the determining factor. For the radiographic magnification

technique, the MTF of RP-Detail at low spatial frequencies is

slightly lower than that of geometric unsharpness, but at high spatial

frequencies geometric unsharpness limits the imaging capability more

than does the screen-film system. The total MTFs for the two tech-

niques, which are derived from the product of the recording system

MTF and geometric unsharpness MTF, are shown in Fig. M-. The total

MTF for optical magnification in hand radiography is far better 1±an

that for radiographic magnification. The MTFs of other factors such

as motion unsharpness and viewing system unsharpness, in addition

to the human visual system, are excluded from this study. We have,

however, examined the viewing system unsharpness and the visual effect,



by using a three-bar resolution target, and found that including these

data does -not change the conclusion of this study except in some

exaggerated unusual cases. Eesides, it is very difficult:, at present,

to obtain these data with an accuracy as high as that for the MTFs of

geometric and recording system unsharpness.

The Wiener spectra of the recording systems used for the two

magnification techniques are shown in Fig. 5. The Wiener spectrum,

which is a measure of the frequency content of noise, is used to

quantify noise. A simple method of interpreting the Wiener spectrum

is the following: for Wiener spectra of similar shape, the higher the

Wiener spectral value, the greater the noise level. The Wiener

spectra were measured by electronic Fourier analysis of the trans-

mission fluctuation in radiographic film (11). Since the two films

used in this study are double-coated, degradation in the optics

necessary to focus both sides of the emulsions occurs for measurements

at high spatial frequencies. The correction for this effect is not

included. The "true" Wiener spectra of these films at high frequencies

should thus be slightly higher than those shown in Fig. 5, but this

does not affect the conclusion of the present study because the dif-

ference between the two curvas is so large.

It is apparent from Fig. 5 that the noise in '.RP-Deteiil at a

density of 1.5 is considerably higher than that in Type K film at a

density of 2.0 by a factor of approximately five in a spatial frequency

range from 10 to 20 c/mm. At lower spatial frequencies, i.e., less

than 10 c/mm, however, the noise in RP-Detail increases progressively



compared to that in Type M as the spatial frequency decreases. This

is because the Wiener spectrum of r.oise in screen-film systems usually

contains a low frequency component due to quantum mottle (12,13),

which is not present in the Wiener spectrum of noise in direct x-ray

films. It should be noted that Fig. 5 illustrates the noise in the

two recording systems without the nagnification effect.

Figure 6 demonstrates an important noise effect that occurs when

radiographic magnification is applied. In the upper left is a plastic

bead image made with the RP-Detail system by conventional contact

radiography. The large bead image on the right is rrede with 4>: radio-

graphic magnification and with the same screen-film system. The

visibility of the bead image is improved considerably with the magnifi-

cation technique compared to that with contact radiography. The

inherent noise in these two radiographs is identical, since the same

recording system is employed. The main reason for this improved

visibility , however, is the fact that the "effective noise," which

is the noise in the recording system relative to the size of the original

object, is reduced by the radiographic magnification because of the

increased size of the bead input x-ray pattern to the screen-film

system. To demonstrate this noiss effect directly, we obtained the

bead image in the lower left by photographic reduction of the large

magnified radiograph on the right. It is obvious when the two bead

imp^es on the left are compared that the noise appearing in the image

ubtained with the radiographic magnification technique is markedly

lower than that in the contact radiograph, and tiiat the resulting



visibility of bead images (shown both ir. the lower left and on the

righx) with the magnification technique is far better than that with

contact radiography.

Theoretical study (14) indicates that the effect of radio-

graphic magnification on the Wiener spectrum of the effective noise

in the recording system is twofold: (1) the Wiener spectral value

decreases by a factor equal to the magnification squared and (2) the

spatial frequency shifts toward higher spatial frequencies by a

factor equal to the magnification. Therefore, i t i s expected in

general that, the higher the magnification, the more drastically the

effective noise can be reduced in the radiographic magnification

technique.

The comparison of the Wiener spectra, for the two techniques in

hand radiography i s shown in Fig. 7. The Wiener spectra are displayed

in' terms of the spatial frequency in the object plane, which corre-

sponds to a comparison of effective noise in the recording system.

The dotted curve shows the Wiener spectrum of RF-Etetail with conven-

tional contact exposure. The Wiener spectrum for radiographic

magnification i s calculated frosn the dotted curve with the two

factors described above taken into account. The Wiener spectrum for

radiopraphic magnification is considerably lower than that for contact

radiography as well as that for optical magnification. Therefore,

the effective noise in this radiographic magnification technique i s

less than that in the optical magnification technique. We have

found in our1 investigations that the density dependence of the •
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noise in RP-Detail is quite different from that in Type M film, and

that, at a density of one, the effective noise in these too tech-

niques is comparable.

Results for Hand Radiographs

Radiographs of a hand phantom are prepared by means of optical

and radiographic magnification techniques. The quality of the two

radiographs are repeatedly examined by viewing them side by side

with the following procedure: the radiograph of BP-Detail is observed

by the naked eye and the radiograph of Type M film is observed

through a hand lens. The linage sizes recognized by the visual system

are therefore about the same for the two radiographs.

Figure 8 shows a comparison of hand-phantom radiographs. The

image sizes of the two radiographs have been made identical photo-

graphically to facilitate comparison of the image quality with the

two techniques. Our following observations on the two techniques

are based on the original radiographs rather than on the photographs

in Fig. 8, because the photographic reproduction necessarily alters

the appearance of the. original radiographs. I t may be noted that

fine bone trabeculae are imaged more sharply with optical magnifica-

tion (left) than with the radiographic magnification technique

(right). The noise in the two radiographs looks similar, although

the noise is slightly greater with optical magnification than with

radiographic magnification. The overall evaluation of the two

techniques i s , therefore, tliat optical magnification provides better

bone images in hand radiography than does radiographic magnification.
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.This result apparently corresponds to that obtained by the MTF

evaluation. It seen:s that the slight difference in ncise does

not seriously affect the difference in bone images obtained by the

two techniques.

Clinical results comparing the two techniques are deison-

strated in Figs. 9 and 10. A phalanx of a patient with primary

hyperparathyroidism radiographed with the two techniques is shewn

in Fig. 9. Subtle subperiosteal bone resorption is best visualised

by the optical magnification on the left. Metacarpal cortical

striation in the hvperparathyroidism patient is shcv.Ti in Fig. 10.

This intracortical tunneling is recognised equally well with both

techniques, whereas the fine bone trabeculae are seen slightly

better with optical than with radiographic magnification. It appears

that these clinical results correspond well to the phantom radio-

graphs and to the imaging properties of the two systems.

KNEE PADIOGRAFHY

Exposing conditions for the tv:o techniques applied to a knee

phantom are illustrated in Fig. 11. The recording system and the

focal spot size used for the knee are the same as those for the

hand. With optical magnification for the knee, a short distance

of 90 cm is used which gives a geometric magnification of 1.1 for

bone structures located at an average distance of 80 mm from the

film. Therefore, the geometric unsharpness for the knee is very

large, namely, five times that for. the hand. With the radiographic

magnification technique, however, the geometric unsharpness of the
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knee is the same as that of the hand. It is important, in practice,

to iiriuobilize the luiee appropriately fcr bot>< magnification techn̂ 'q'10^

in order to minimise motion unsharpness.

Imaging Properties for Knee Padiography

The characteristic curves and gradients of the recording

systems for ki.=e radiography are the same as those in hand radiography

shown in Fig. 2.

ilk' total KiTs and the l.liener spectra for the tvo techniques

applied to knee radiography are shown in Fig. 12. The total MIF for

the optical iragnificatior. is lov:er than that for the radiographic

magnification. Tnis result for the knee is the opposite of that for

the hand, due to ths fact that, with the optical magnification technique,

the geometric unsharpness is greatly increased relative to that for

the hand because of the increased thickness of the object. The noise

for knee radiographs in optical magnification is greater than that

in radiographic magnification, as is the case for hand radiographs.

Fran these two results, it appears that the physical iirage

quality for knee radiographs obtained by geometric magnification is

superior to that by optical magnification-

Results for Knee Radiographs

The knee-phantom radiographs obtained by the two techniques are

shown in Fig. 13. Fine bone structures and surface erosions of the

knee are seen more clearly by radicgraphic magnification (right)

than by optical roagnification (left). This observation is in good

agreement with the imaging properties of the two techniques shown in
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Fig. 12. Clinical results applied to thick objects imaged by

the two techniques are demonstrated in Figs. 14 and 15. A

proliferative erosion of the lateral tibia in a patient with

arthritis is shown in Fig. 14. This subtle reactive bone formation

is best seen by radiographic magnification (right). Figure 15

shows.lytic, permeative destruction of the humerus in a patient

with a round cell sarcoma. Radiographic magnification shows

slightly better definition of the lesion then does optical

magrif ication. These two clinical results are in agreement with

the findings on phantom radiographs and with the imaging properties.

DISCUSSION AND CONCLUSION

The basic procedures for the two magnification techniques

discussed here have been known for roany years. The advantage of

the optical magnification technique with direct x-ray film over

the screen-film technique without magnification has been particularly

well understood, since the essence of the technique is simply

to employ a sharp and less grainy film instead of the conventional

screen-film system in order to improve resolution and noise of

radiographic images. The resulting radiograph is viewed by

optical magnification of the image, to help visual recognition of

the small image detail recorded on the film.

It is not so simple, however, to appreciate the potential

advantage of the radiographic magnification technique over conven-

tional contact radiography, since several complicated changes in

image quality are involved. The factors contributing to these
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changes iray be called the sharpness effect, noise effect, air

gap effect, visual effect, and longitudinal magnification

effect (15-19). The magnitude of these effects'depends upon

several parameters such as geometry, magnification ratio, focal

spot size, and the screen-film system used. There is no ques-

tion, however, that the radiographic magnification technique

can provide physically better images than those obtained by

conventional contact radiography. It is known that the selection

of these factors is crucial to successful utilization of the

radiographic magnification technique (8). The advantages of this

technique have been demonstrated in several areas (20-23). We

have discussed in this study mainly the sharpness and noise

effects. For practical clinical applications, other important

factors such as visual effect and radiation exposure must be

considered as well.

In our application of these too high-resolution magnification

techniques to the peripheral skeleton, it has been found that

the optical magnification for the hand, as currently employed,

gives images of very high quality. Further improvement is very

difficult in practice, and therefore the technique may be very

nearly optimal for clinical applications (7). The first part of

this study, on the image quality for hand radiography, indicates

that the present radiographic magnification technique- does not

give as high a quality of bone images as does the near-optimal

technique of optical magnification. The main reason is that, for
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the hand, the total l-iTF for radiographic magnification is not as

good as that for optical magnification, although the effective

noise for radiographic magnification is lower. These results

indicate that, in radiographic magnification, resolution has a more.

significant effect on bone images in the hand than does noise; this

implies that, at present, radiographic magnification for the hand

is primarily resolution-limited, whereas optical magnification is

primarily noise-limited (7). One should note that, while optical

magnification gives better images of the hand than does radio-

graphic magnificatior., the difference in the images obtained by

these two techniques is not very large. For example, it may be

important to remember that the image quality obtained with either of these

two magnification techniques is considerably better than that with

conventional contact radiography (8).

The second part of this study, on knee radiography, indicates

that geometric unsharpness in optical magnification is very large

due to the increased thickness of the object, so that the total MTF

for optical magnification of the knee is even lower than that for

radiographic magnif ication. Therefore, for knee radiography, it

appears that both optical and radiographic magnification techniques

are resolution-limited. In other words, for imaging of bone struc-

tures in thick objects, resolution may be more important than noise.

In conclusion, for thin body parts such as the hand, the

present optical magnification technique provides better bone images

than the present radiographic magnification technique. For thick
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parts such as the knee, however, the present radiographic

magnification technique gives better bone images than che present

optical magnification technique.
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FIGURE CAPTIONS

F:ig. 1. Exposing conditions for optical and radiographic

magnification techniques in hand radiography.

Fig. 2. Characteristic and gradient curves for Type M

film and RP-Detail system.

Fig. 3. MTFs of recording system and geometric unsharpness

for hand radiography by two magnification techniques. MTFs of

geometric unsharpness are measured in a direction parallel to the

cathode-target axis.

Fig. 4. Comparison of total MTFs for optical and radiographic

magnification techniques in hand radiography.

Fig. 5. Noise Wiener spectra of recording systems used for

two magnification techniques. The average densities of Type M and

RP-Detail are 2.0 and 1.5, respectively.

Fig. 6. Illustration of noise effect in radiographic

magnification technique on plastic bead images obtained with RP-Betail.

Upper left (A): conventional contact radiography. Right (B): Ux

radiographic magnification technique. Lower left (C):

photographic reduction of magnified radiograph on the right. Bead

diameter: 2.0 - 3.0 mm.
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Fig. 7. Comparison of Wiener.spectra for optical and

radiographic magnification techniques in hand radiography. Ibe

Wiener spectrum for radiographic magnification is calculatec from

that of RP-Detail with contact exposure (dotted curve).

Fig. 8. Radiographs of a hand phantom made by optical

(left; A) and radiographic (right; B) magnification techniques.

The image sizes were made identical photographically.

Fig. 9. Phalanx of a patient with primary hyperparathyroidism,

radiographed with optical (left; A) and radiographic (right; B)

magnification techniques.

Fig. 10. Ketacarpal cortical striation in the hyperpara-

thyroidism patient, obtained with optical (left; A) and radio-

graphic (right; B) magnification techniques.

Fig. 11. Exposing conditions for optical and radiographic

magnification techniques in knee radiography.

Fig. 12. Comparison of total MTFs and Wiener spectra for

optical and radiographic magnification techniques in knee radiography.

Fig, 13. Radiographs of a knee phantom made by optical

(left; A) and radiographic (right; B) magnification techniques.

Fig. 1't. A proliferative erosion of the lateral tibia! nsta-

physis in a patient with arthritis, radiographed with optical

(left; A) and radiographic (right; B) magnification techniques.
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Fig. 15. Permeative, "lytic destruction of humerus in a

patient with Ewir.p,*':, sarcoma, obtained with optical (left; A) and

radiograpnic (right; B) magnification techniques.
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