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INTRODUCTION 

The use of filtration in the primary x-ray beam has long been a standard 
procedure in controlling radiation doses to patients in diagnostic 
radiology, particularly surface doses. For lightly filtered beams, the 
addition of further filtration effectively removes softer beam components 
which otherwise would be absorbed within the patient. The amount and 
quality of radiation reaching the film is changed only slightly. Thus 
the first increments of filtration added to diagnostic x-ray beams require 
little or no change in exposure factors. With further filtration, however, 
the penetration of the beam increases and a greater proportion is 
transmitted through the patient to the film. The image contrast is reduced. 
Simultaneously the useful beam intensity is reduced to the extent that 
compensating mAs increases begin to be required to maintain constant 
optical density in the radiograph. When these compensatory adjustments are 
made it is possible to examine the relationship between total filtration 
and its effects on radiographic appearance, which should be seen as 
variations in contrast or penetration. This report is of an exploratory 
study of the perceptibility to radiographers of these changes in radiographic 
appearance caused by variations in x-ray beam filtration. 

MATERIALS AND METHODS 

The methodology was based simply on the perceptibility to radiographers of 
differences in radiographic appearance due to variations in filtration on 
radiographs of an anthropomorphic phantom which were produced with 
compensating mAs. Radiographers were expected to attribute perceived 
differences in radiographic appearance to changes in either or both 
filtration and kilovoltage. 

Most codes of safe practice and radiation protection regulations have 
specified a total 2 mm aluminium-equivalent filtration in the mid-diagnostic 
range at about 70 kV, increasing to 3 mm in the higher range above 100 kV, 
and falling to 1.5 mm below 70 kV. In 1982 the International Commission on 
Radiological Protection (ICRP) published a new set of filtration criteria. 
The principal criterion is that " . . . total filtration in the useful beam 
for normal diagnostic work shall be equivalent to not less than 2.5 mm 
aluminium of which 1.5 mm shall be permanent . . . ". For this present 
work however a value of 2 mm aluminium-equivalent was adopted as a base 
reference level. 
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The prepared radiographs were subaitted for judgement to radiographers, a 
fev final-year students and some registrars in radiology. Time liaitations 
precluded each viewer from judging every set but the sets were presented 
for viewing always in the same order. It was expected that radiographers 
would consider that they themselves were in some sense being tested, and 
the distinction was carefully made that the study was an objective 
assessment of perceptibility of changes in radiographic appearance and not 
of perceptive ability of individual radiographers. 

Six sets of radiographs of anthropomorphic phantoms were prepared at the 
National Radiation Laboratory (NRL) on a Toshiba DC-12M 2-pulse x-ray 
machine. A 1 mm nominal fine focus was used. For each set of radiographs 
the optical density at appropriately chosen points in the image was held 
constant within the set by mAs adjustment. The maximum variation in optical 
density accepted was ± 0.05. Each film was coded with a number taken from 
a random number table so that no systematic relationship existed between 
film code and exposure factors or filtration. 

The main three sets comprised lateral views of a "Rando" phantom head all 
done at 70 kVp, 100 mA. Agfa-Gevaert RP-1 x-ray film was used with Kodak 
X-omatic Regular intensifying screens. A stationary 6:1 parallel grid was 
employed and the focus-film distance (FFD) was 1 m. The radiographic 
geometry was carefully held constant so that, for example, differences of 
magnification would not occur. Set 1 comprised 5 films presented singly. 
The films differed only in total filtration which was respectively 2, 4, 6, 
8, 10 mm aluminium. Viewers were asked, ignoring possible phantom 
inadequacies and positioning error, to rate each film as "acceptable 
diagnostic quality", or "acceptable but could have been improved by . . . ", 
or "unacceptable and should be repeated with improvement by . . . ". The 
purpose of taking the radiographs was stated to be for trauma, query 
fracture, or similar. 

This set was intended to establish a baseline of acceptability. Viewers 
were not informed what, if any, variables existed except that x-ray film, 
intensifying screens, FFD and stationary grid were constant throughout. 

The second set of radiographs was presented in 5 pairs. One film of each 
pair was taken at 2 mm aluminium total filtration and the other at 2, 4, 6, 
8, 10 mm aluminium respectively. Viewers were asked for each pair whether 
the radiographs were identical or a difference in appearance could be 
perceived. If a difference was seen, the viewer waB asked what it was, and 
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how could it have been produced. Viewers were still not informed of the 
variable. Since one pair comprised identical films (at 2 mm total 
filtration) no difference should have been perceived for that pair. 

After Set 2 had been viewed radiographers were informed that filtration 
had been the only variable. They were then presented with Set 3 which 
comprised 5 films and informed that each had been taken with different 
total beam filtration, although they were not told the actual filtration 
values, which were 2, 4, 6, 8, 10 mm aluminium. Radiographers were then 
invited to rank the films in order of increasing filtration. 

The fourth, fifth and sixth sets of films were supplementary to the first 
three sets and explored other aspects; Set 4 was comprised of radiographs 
of a "Humanoid Systems" chest phantom. The projection was PA and the FFD 
1.5 m. Par speed Ilford intensifying screens were used with Agfa RP-1 
x-ray film, and no grid. One pair of films was taken at 70 kVp with total 
beam filtration 2 mm aluminium on one film and 10 mm on the other. The 
other pair used the same two filtrations but was done at 100 kVp. 
Radiographers were given either pair for viewing and informed that the 
total beam filtration used may or may not differ between the two films in 
the pair. They were required to state whether in their opinion the 
filtration differed for each film in the pair or was the same, and if 
different, which film had the greater filtration. 

Set 5 comprised 4 films of a hand phantom constructed at NRL from human 
bones set in epoxy resin. The view was PA at 1.2 m FFD, and no grid. 
Kodak Lanex Fine intensifying screens were used with Kodak Ortho-G x-ray 
film. The kVp was 50. The total beam filtration was 2, 5, S, 10 mm 
aluminium for the 4 films respectively. As with Set 3, radiographers were 
requested to order the set in increasing filtration. 

Set 6 provided unusual anatomical appearance. The phantom was a slab 25 mm 
thick taken from the Rando phantom at the level of about the seventh 
thoracic vertebra, and the projection was axial at an FFD of 1 m. Kodak 
X-omatic fine intensifying screens were used with Agfa RP-1 x-ray film and 
no grid. One group of 4 films was taken at 50 kV and with total x-ray beam 
filtration of 0.8, 2, 4, 8 mm respectively. Another group of 4 films was 
taken at 100 kVp but with the same filtrations as the first group. 
Radiographers were asked to order the films as in Sets 3 and 5. 

Since radiographers were informed at Set 3 that filtration was the variable 



- 4 -

under investigation, and thereafter actual filtrations for each set were 
revealed after viewing, it was accepted that learning could occur as viewing 
proceeded. 

After the survey had commenced a useful question which was added to most 
sets was "which film is best?". 

RESULTS 

A general criticism expressed by viewers was that the grid lines were too 
obtrusive in radiographs of Sets 1, 2 and 3, and a higher ratio should have 
been chosen. Radiographers were requested to put this aside from their 
evaluations insofar as it was possible. In scoring the results comments 
about the inadequate grid were discounted. 

No differences of statistical significance were discerned amongst 
radiographers, final-year students or registrars. During the preparation 
of the radiographs, NRL staff, despite their knowledge of the parameters 
involved, had success rates similar to the radiographers' in perceiving the 
effects of filtration differences. 

Set 1: Individual lateral head films with different filtration 

The basic answers to the three categories of acceptance or rejection of 
films are given in Table 1. 

While the raw acceptance rates (columns e, f) favour the 2 mm total 
filtration, the 95% confidence intervals (CI) suggest that the null 
hypothesis of there being no significant difference in acceptance with 
increasing filtration, cannot be rejected. 

The reasons given by viewers for "accept, but" and "reject" have been 
analysed into "contrast and/or penetration types" and into "other", and 
presented in Table 2. Although 2 mm filtration films had least deficiencies, 
no filtration level had statistically significant differences in 
deficiencies. Most common deficiency mentioned was the grid lines which had 
been a distractor. Next was the claim that fine, instead of broad, focus 
should have been used; and claims of poor definition or fuzziness. This 
latter was attributed by some viewers to focal spot choice or grid ratio. 
Under-exposure was claimed for 5 films, 2 of which were at 8 mm and 2 at 
10 mm filtration, but there also was one at 2 mm. 
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TABLE 1. Results of viewing Set 1, single films of Rando Head. 

No. of decisions 
in each category • 

Total beam 
filtration 
nm Al. 

a 
accept 

b 
accept, 
but 

c 
reject 

d 
Total 

' e 

§X ±951 CI 
a 

f 
*-/ * T t ill r T 

Total beam 
filtration 
nm Al. 

a 
accept 

b 
accept, 
but 

c 
reject 

d 
Total 

' e 

§X ±951 CI 
a a 

2 1C 5 0 15 67Z ± 24 100Z 

4 7 7 4 18 39Z ± 23 78Z ± 19 

6 12 10 2 24 50Z ± 20 92Z ± 11 

8 15 5 4 24 63Z ± 19 83Z ± 15 

10 13 6 3 22 59Z±21 86Z ± 14 

All 57 33 13 103 55Z ± 10 87% ± 6 

TABLE 2. Analysis Of rejection of films in Set 1. 

Total beam 
filtration 
mm Al. 

"Accept, but ..." 

Contrast/kV • Other 

"Reject" 

^ Contrast/kV Other 

2 

4 

6 

8 

10 

3 2 

6 1 

6 4 

1 4 

1 5 

0 0 

2 2 

0 2 
• 
1 3 
2 1 
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Set 2. Pairs of lateral head films with different filtrations 

Viewers gave the answers in Table 3 for perceptions of differences between 
the 2 films of each pair. 

TABLE 3. Perceptions of differences between film pairs, Set 2. 
Total viewings « 190 

Filtration combination, mm Al. 

Perception 2/2 2/4 2/6 2/8 2/10 

Difference: 
Number 21 25 25 31 33 
Proportion 
± 95Z CI 50Z ± 15 62.5% ±15 75.8Z + 15 77.5Z ± 12 94.2Z±7 

No Difference 21 15 8 9 2 

Evidently differences were perceived between the films of the 2/2 mm 
aluminium pair, where the films were in fact identical. Thereafter as 
filtration increased the perception of differences between pairs also 
increased. Fig. I presents the same data graphically. 

Table 4 analyses radiographers' opinions on the causes of the differences 
perceived by them, divided into contrast/penetration/kV and "other". 

TABLE 4. Attributed cause of differences perceived in film pairs, Set 2. 

Attributed 
cause 2/2 

Filtration 

2/4 

combination, 

2/6 

mm Al. 

2/8 2/10 

Contrast/ 
Penetration/kV 
Number 11 16 16 19 23 
Proportion 
± 95Z CI .52 ±.22 .62 ±.19 .64 ±.19 .61 ±.18 .70 ±.16 

Other 10 10 9 12 10 

As filtration increased, viewers increasingly attributed the differences 
they perceived to contrast/penetration/kV but this trend was unlikely to be 
statistically significant. 
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FIG. 1. PERCEPTION OF DIFFERENCES BETWEEN PAIRS OF FILMS 
PRODUCED AT DIFFERENT FILTRATIONS. 

Proportion of viewers perceiving 
difference between film pairs 

Z 
100-

Filtration difference, mm aluminium-equivalent. 
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The question "which is the better film?", added after the survey had 
commenced, elicited 98 opinions which are analysed in Table 5. 

TABLE 5. Viewers' opinions as to the better film of each pair in Set 2. 

Filtration 
combinat ion 

mm Al. 

Preference for 
lesser filtration 

Proportion 
Number ±952 CI 

Preference for 
greater filtration 

Number 

2/2 7 502 ±26 7 
2/4 14 82.3Z±18 3 
2/6 16 88.92 ± 15 2 
2/8 19 76.02 ±17 6 
2/10 21 87.52 ±13 3 

All except 2/2 70 83.32 ± 8 14 

There was a preference for the 2 mm filtration in all cases but the 
preference was not significantly different from one filtration to another. 
For the 2/2 mm pair viewers could not be given an option of "no preference" 
and the equal number of choices for each of the identical films was to be 
expected. Omission of the 2/2 pair was required in assessing the overall 
preference (last row of Table 5). 

Set 3. Five films of lateral head with different filtration to be ranked 
in order of filtration 

Due to the time limitations on a complete viewing of all films, only 32 
viewers were presented with this set. Of these, two stated that they found 
the films to be so nearly identical in appearance that they could not order 
them according to filtration. 

The results are shown in Table 6 which contains the frequencies of choosing 
filtrations on the 5 possible positions of the order, and notes that there 
were no correct, but 5 nearly correct, orderings. The probability of 
determining exactly the filtration order of the films purely by chance was 
1/120. The probability of obtaining by chance the exact order, plus the 
exact order with one incorrect exchange of adjacent position (e.g., inter
change of 2 and 4 mm filtrations) was 5/120. Thus, while the absence of 
correct ordering was consistent with viewers' estimates of the order being 
no better than by chance, the 5 nearly correct orderings suggested the 
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contrary view that orderings were more successful than by chance. (Assuming 
a Poisson distribution where p * 0.042, X - 1.33. o * 1.15, the probability 
of more than 4 successes in nearly correct ordering in 32 trials was <0.01.) 

Table 6 shows that on the average, viewers could not discriminate amongst 
the 2, 4, 6 mm filtration films in their order of filtration but appeared to 
distinguish these as a group from the 8, 10 mm filtration films. Five 
viewers appeared to perceive filtration differences but placed the films 
more or less in reverse of the true order. This indicated some uncertainty 
in their interpretation of the theoretical relationship between contrast and 
filtration. If the orderings of these viewers were reversed the adjusted 
mean positions in Table 6 were obtained. Discrimination amongst the 2, 4, 
6 mm filtration films was thereby increased slightly. 

The proportion of viewers who attributed the differences between films to 
contrast/kV rather than to other causes increased slightly with filtration, 
but the trend was not significant if the 95Z confidence intervals were used 
as a guide. 

TABLE 6. Set 3. Head radiographs: 5 films with different filtrations. 

Total 
filtration 
mm Al. 

Number of times selected in pos 

1 2 3 4 5 
Least Host 
filter filter 

itional order 

Mean *Adjusted 
position mean 
JC+S position 

2 

4 

6 

8 

10 

11 5 4 6 4 

4 11 6 7 2 

10 3 9 4 4 

2 5 5 5 13 

3 6 6 8 7 

2.6 ± 1.5 2.1±1.2 

2.7± 1.2 2.3 ± 1.0 

2.6 ±1.4 2.6 ±1.4 

3.7 ± 1.4 4 . 1 ± M 

3.3 ± 1.3 3.8 + 1.2 

Number of correct orderings • zero 
Number of orderings with only one position misplaced • 5 

•Transfer of 5 cases of reverse filtration order to the correct order 
results in adjusted mean positions. See text. 

Set 4. Pairs of chest radiographs with different filtrations 

The results of viewing Set 4 arc summarised in Table 7. 
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TABLE 7. Perceptions of chest radiographs with different filtrations. 

Films taken at 

70 kV 100 kV 

Number of viewings 24 19 

Number correctly perceiving 24 (100Z) 17 (89.5%)** 
existence of difference in 
filtration 

Number correctly choosing 15* (62.5Z) 9* (53Z) 
the greater filtration film 

* Plus one "no data" 
** 95Z CI - I4Z 

Evidently viewers correctly perceived that differences in filtration 
actually existed between the pairs of films. There was a markedly lower 
success rate in choosing which of the two films in the pair had the greater 
filtration. A Chi-squared test applied to these data for both the 70 and 
100 kV cases indicated that at the 95Z confidence level the same success 
rates in choosing the greater filtration film could have been obtained by 
chance alone. 

The number of responses obtained in answer to the question as to which was 
the better film was too limited to permit meaningful analysis although 5 
viewers out of 5 chose the 2 mm aluminium filtration film at 70 kV as the 
better. There were 6 respondents on this question for the 100 kV films. 
Two chose the 2 mm filtration, 2 chose the 10 mm filtration and the 
remaining 2 believed the filtration was the same for each. 

Set 5. Four films of hand phantom known to have different filtration to 
be ranked in order of filtration 

The results are shown in Table 8. The probability of choosing the correct 
filtration order for these 4 films was 1/24. Assuming a Poisson 
distribution (p « 0.042, X - 0.958, a - 1.15) the probability of obtaining 
exactly 9 successes by chance was negligibly small, and the selection of 
the correct filtration order was concluded to be better than by chance. In 
addition to the 9 successful viewers, 3 others ha** exactly the reverse 
order. These viewers were observed to have no difficulty in perceiving 
filtration differences but they expressed uncertainty about the theoretical 
relation between contrast and filtration. When their estimates of 
filtration were re-entered in the data in the correct order the adjusted 
mean positions in Table 8 were obtained, 



- 11 -

TABLE 8. Set 5. Hand radiographs: set of 4 films with different 
filtrations. 

Number of times selected in positional order 

Total 
filtration 
mm Al. 

1 2 3 
Least 
filter 

4 
Most 
filter 

Mean 
position 
X S 

•Adjusted 
mean 

position 

2 17 1 1 4 1.7± 1.2 1.2±0.7 

5 2 16 3 2 2.2±0.7 2.0 ±0.6 

8 1 4 10 8 3.1 ±0.8 3.3 ±0.6 

10 3 2 9 9 3.0 ± 1.0 3.5±0.6 

Number of correct orderings « 9 
Number of orderings with only one position misplaced - 7 

•Transfer of 3 cases of exactly the reverse filtration order to the correct 
order would change mean order positions to these. See text. 

Mean order positions in Table 8 indicate for the raw data a clear, but not 
necessarily conclusive, placing of 2 mm and 5 mm filtrations first and 
second, and the 8 mm and 10 mm about third equal. The adjusted mean 
positions strengthen the 2 mm and 5 mm placements, but still do not 
differentiate between third and fourth order positions. 

Additionally, seven persons had only one position misplaced in their 
ordering. Assuming a Poisson distribution (p » 0.167, X * 3.84, a • 1.96) 
the probability of obtaining solely by chance either success or only one 
position misplaced, 16 times in 23 trials, was negligibly small. 

Selection of best film was made in only 9 cases, 6 viewers choosing the 
5 mm film and 3 choosing the 2 mm filtration film. 

Sfet 6. Two sets of 4 axial films of a Rando anthropomorphic phantom slab 
to be ranked in order of filtration 

One set was done at 50 kV, the other at 100 kV. The result.; are summarised 
in Table 9. The probability of obtaining the correct order at random was 
1/24. Assuming a Poisson distribution (p - 0.042, X « 0.375, o » 0.615) 
the probability in 9 trials of obtaining the 4 and 5 successful orderings 
by chance was small and the selections of correct order were hence better 
than by chance. As in previous sets some viewers obtained exactly, or 
closely, the reverse of the correct order. Their perceptions were clear but 
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their interpretation of theory incorrect. Adjustment of the data gave the 
additional results in Table 9. The mean order for each film, while in 
conformity with its true order, was not as well defined as when adjustments 
for reverse orders were made. 

TABLE 9. Set 6. Axial radiographs of a Rando phantom slab — sets of 
4 films each with different filtration. 

/ Number of times selected in positional order 

Total 
filtration 
mm Al. 

1 2 
Least 
filter 

3 4 
Most 
filter 

Mean *Adjusted 
Position mean 

X ±S position 

50 kV set 
• 

0.8 6 Nil Nil 3 2.0±1.5 1.0 

2 Nil 5 4 Nil 2.4 ±0.5 2.3+0.5 

4 Nil. 4 5 Nil 2.6±0.5 2.7 ±0.5 

8 3 Nil Nil 6 3.0 + 1.5 4.0 

Number of correct orderings * 4 (raw data); 
6 (adjusted data) 

Number of viewings • 9 

100 kV set 

0.8 

2 

4 

8 

8 

Nil 

Nil 

1 

Nil 

8 

1 

Nil 

Nil 

1 

5 

3 

1 

Nil 

3 

5 

Number of correct orderings - 5 (raw data); 
6 (adjusted data) 

Number of viewines 

1.3 ± 1.0 

2.1 ±0.3 

3.2 ±0.7 

3.3±1.0 

1.0 

2.0 

3.3 ±0.5 

3.7 ±0.5 

^Adjusted for cases with reverse order (perceptional) but incorrect theory. 
See text. 

DISCUSSION 

Despite the considerable amounts of filtration reached in Set 1, individual 
films were viewed with a high level of acceptance. The high filtration, 
leading to reduced contrast, was not singled out as a source of deficiency 
for either the qualified acceptance or the reject films. However, when the 
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film pairs of Set 2 were produced, differences were noticed. While the raw 
data of Table A indicated an increasing attribution of the difference to 
contrast change, it was not possible to claim that the data had not arisen 
by chance. The perception of the contrast differences between pairs was 
further evidenced by the viewers' opinions as to which was the better film 
of the pair (Table 5). A high proportion always chose the 2 mm filtration 
film of the pair, and the 95Z confidence interval in each case excluded the 
50Z level .( indifference) between the 2 films. 

The proportion of viewers who perceived differences between the film pairs 
of Set 2 increased as the filtration level increased. Fig. 1 illustrates 
this. (The correlation was high, r * 0.98, which was significant at the 
0.01 level, using a t test statistic.) It was surprising, as indicated by 
the ordinate intercept, that as many as 50Z of viewers perceived differences 
between the pair of 2 mm filtration -films. Since no difference actually 
existed it could be hypothesised that guessing occurred. As the filtration 
difference increased from the initial zero to 8 mm aluminium, it would have 
become easier to perceive the real differences, and the proportion of viewers 
who guessed would decrease. 

Let the real difference between films in a pair be such that its perceptibility 
be given a probability Pf, where f denotes the filtration difference. Thus 
in 100 pairs of films the number perceived as with a difference would be 
100 pf . The remainder would number 100 (1 -pf). The perceptibility of the 
differences in these remaining film pairs would be so difficult that guessing 
occurred, which for any filtration level pf « 0.5. Thus the total number of 
pairs of films perceived as with differences. would be Nf, where 

Hf » lbOpf + 30(1 -pj). 

From Fig. 1, NQ » 50, and hence pf » 0 as the perceptibility of a nil 
difference must be zero. 

At filtration differences 2, 4, 6, 8 mm aluminium, and using the values of 
Nf from Fig. 1, the values of perceptibility pf would be 

p 2 - 0.24 
p* - 0.44 
PC - 0,64 
Pe - 0.86 

The "true" perception of filtration differences obtained in this way is 
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plotted in Fig. 1. It shows a more rapid increase in peiceptibility as the 
filtration difference increases than does the raw data. A 2 mm filtration 
difference appears to have a perceptibility of about 24Z, but a further 2 mm 
increases the perceptibility to almost double that at 44Z. 

The ranking of films in order of filtration was performed with varied 
success, judging from the unadjusted data. The assessments of the orderings 
in terms of numbers of perfectly correct responses was less useful than the 
mean positional orders which gave some indication also of the difficulty of 
separating films. The Rando phantom head with lower subject contrast than 
the NRL phantom hand or the Rando phantom slab, should have presented more 
difficulty in ordering. Additionally, the spacing of filtration could have 
been too narrow between the 8 and 10 mm thicknesses whose positional orders 
were close in Sets 1, 3, and 5. Set 6, with spacings 0.8, 2, 4, 8 mm 
filtration, was better. 

While in this work the image contrast data have not been quantitatively 
examined, Table 10 gives examples of the optical densities of two near points 
on the skull radiographs of Set 3. (The bony material point was used as a 
reference for film preparation.) The contrast, as difference in optical 
density between films, reduces steadily with filtration, and the 8 and 10 mm 
films could be almost indistinguishable from each other. 

TABLE 10. Image contrast data for the films of Set 3 (lateral skull). 

Filtration 
mm Al. 

Optical density 

Bony Penetrated 
material material 

Contrast as difference 
in optical density 

2 

4 

6 

8 

10 

0.45 1.89 

0.46 1.82 

0.46 1.75 

0.44 1.68 

0.45 1.65 

1.44 

1.36 

1.29 

1.24 

1.20 

The results have shown that some viewers were perceiving the effects of 
filtration changes upon film appearance but misinterpreting them. These 
viewers incorrectly assumed an increase in contrast occurred with an 
increase in filtration. This was illustrated most clearly in Set 4 (pairs 
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of chest films) where almost all viewers perceived the differences in film 
appearance which occurred with large filtration differences but did no 
better than if they had been guessing when deciding which film of each pair 
had the greater filtration. Uncertainty in radiographers' knowledge of the 
amount of filtration in the x-ray machines they were currently using and of 
basic theoretical aspects of x-ray beam spectra and filtration has been 

(2) reported previously. 

The misinterpretation in the sets of films to be ordered in filtration 
sequence was manifest as more-or-less correct ordering but in reverse of 
the actual order. For the purposes of differentiating between perceptions 
and their interpretation, the adjusted mean orders in Tables 6, 8, and 9, 
are intended to reflect only the perception. Spearman rank order correlation 
coefficients were calculated for the relationships between the raw and 
adjusted mean orders and their true filtration rankings, as in Table 11. 

TABLE 11. Spearman rank order correlation coefficients for actual filtration 
orders and raw and adjusted mean orders perceived by radiographers. 

Correlation coefficient, p 

Film Set Raw data •Adjusted data 

Head (Set 3) 
70 kV 0.69 0.98 

Hand (Set 5) 
50 kV 0.85 0.96 

Rando Slab (Set 6) 
50 kV 0.75 0.98 

100 kV 0.94 0.98 

•Adjusted so that perception alone and not its interpretation, is indicated. 

In every case the adjusted data gave high correlation. The correlation for 
the Slab set on the raw data is lower for the 50 kV case than the 100 kV. 
This would not be expected for a thin object where image contrast would be 
more rapidly affected by increased filtration at lower kV than higher. 
However, the misinterpreted orderings at 50 kV had a greater effect on mean 
positional ranking (rind p) due to the small numbers of viewings. 

Although it was not the purpose of this study to examine the radiation dose 
reductions achievable with addetl filtration, it is useful to consider the 



- 16 -

data presented in Table 12 for the set of lateral skull films. 

TABLE 12. Radiation doses for lateral skull radiographs with mAs 
compensation to achieve constant optical density at selected 
reference point. All films at 70 kVp. 

Total filtration 
mm Al. 

mAs for constant 
reference density 

Skin Dose 

(mGy) X 

2 

4 

6 

8 

10 

60 

70 

80 

96 

130 

4.7 100 

2.8 59.6 

2.0 42.6 

1.6 34.0 

1.5 31.9 

Clearly the skin dose decreases with increasing filtration despite the 
increasing mAs, but after an early substantial effect further increments of 
filtration have a decreasing marginal effectiveness in dose reduction. 

As was shown in this study, the effects of filtration on radiographic 
appearance for the lateral head films increased with filtration. Since 
radiographers preferred the 2 mm total filtration film, then the increasing 
perceptibility of the effects of filtration could be regarded as detrimental 
to image quality. The optimum level of filtration would then be determined 
by some form of trade-off between decreased dose and increased filtration 
perception. In Fig. 2 is replotted the "true" perceptibility line from 
Fig. 1, and the relative skin dose data from Table 12. It is proposed that 
the total detriment is the sum of the relative radiation dose and 
perceptibility of filtration on film appearance. This sum is plotted on 
Fig. 2 as the uppermost curve, and it appears to have a minimum value for 
the filtration difference of about 2 to 3 mm aluminium-equivalent. This 
corresponds with a total filtration of 4 to 5 mm aluminium-equivalent, which 
on this rationale is optimum for this technique. Optimum filtration values 
for other techniques would depend upon their perceptibility and dose 
reduction curves. There are insufficient data in this study to make 
estimates beyond the lateral head example. 
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FIG. 2. TRADE-OFF BETWEEN DECREASING SKIN DOSE AND 
INCREASING PERCEPTIBILITY OF FILTRATION DIFFERENCE. 

z 
100 

80 -

60 -

40 -

20 -

I . Perceptibility of 
filtration difference 

0 2 

Filtration difference, mm aluminium-equivalent. 
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CONCLUSIONS 

Since this study essentially was exploratory, its conclusions would be at 

their most appropriate if used as points of departure for a more extensive 
investigation. Additionally, they are based,on judgements of radiographers 
alone; radiologist viewings were not obtained in this study. 

1. Over the range of phantoms and x-ray beams used in this study, and with 
mAs compensation, several millimetres of aluminium filtration may be added 
beyond the normal 2 mm total before differences itt radiographic appearance 
become perceptible to a significant proportion of radiographers. 
Perceptibility increased when films taken at different filtration levels 
were available for comparison. 

2. Given a choice between films taken at different total filtrations, 
radiographers almost invariably preferred those with the lesser filtration. 

3. Radiographers were not fully conversant with the theoretical implications 
of variations in x-ray beam filtration. 

4. Given a perceptibility curve and radiographer preference for a best 
film, a trade-off between dose to the patient and filtration perception 
might be useful in estimating optimum filtration. 
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