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The development of cephalometrics
has led to a growing need for exact lo-
cation of landmarks to improve quan-
titative studies of craniofacial growth,
quantitative evaluation of treatment ef-
fects, and classification of cases. It
seems logical to believe that cephalo-
metric images with a high resolution
and a high contrast should provide the
best conditions for accurate landmark
identification. Many other factors are,
however, involved.

Bjork! described errors arising from
differences in projection between two
films of the samc individual. He also
noted that the difficulties involved in
locating different landmarks varied de-
pending on the nature of the landmark
examined. This was confirmed by Rich-
ardson'' who noted that some land-
marks were more reproducible vertical-
ly than horizontally and vice versa, e.g.,
subspinale and the anterior nasal spine.

Baumrind and Frantz® found that re-
peated identification of the same land-
mark on the same cephalometric image
resulted in errors which were too great
to be ignored. The magnitude of these
errors in identification varied from
landmark to landmark and the distri-
bution of the errors for each landmark
was usually noncircular and character-
istic of that landmark. The factors in-
fluencing accurate identification were
quoted as distinctness of structural de-
tail, noise from adjacent structures due
to superimposition of conflicting ana-
tomical details, and conceptual judg-
ment, a factor which is largely based on
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the past experience and radiological
knowledge of the observer.

Midtgard, Bjérk and Linder-Aron-
son? found that an interval of one
month between two registrations did
not significantly affect the reproducibil-
ity of the landmarks examined; nor did
the fact that duplicate registrations
were made by two observers.

Baumrind and Frantz* studied the
side effects of uncertain landmark iden-
tification and found these errors were
significant when transmitted to angular
and linear measurements. Since the
magnitude of the landmark errors var-
ied, it followed that all angular and
linear measurements varied in reliability.
In an earlier investigation Bjork and So-
low? reported that, since certain land-
marks can be used several times in the
course of an analysis, the greater the
error of measurement, the greater the
apparent correlation between the meas-
urements. This spurious component
may remain undctected even during
tests of statistical significance. The in-
fluence of these errors on analyses based
on superimposition has also been stud-
ied. It was found that they were suffi-
ciently large to be of consequence in
interpreting the changes taking place
due to growth and/or treatment.?

It has been claimed by Rossmann
and Wiley'® that interpretation of ra-
diographic images is dependent on
radiological knowledge, pattern recog-
nition, and physical image quality. Ac-
cording to this study, the physical image
quality was the least important factor.

There 1s a direct correlation between
the radiation energy absorbed by the
patient during the exposure of a radio-
graphic image and the physical image
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quality. A high degree of image resolu-
tion is, in other words, only achieved by
increasing the patient dose. With this
in mind the radiation dose should be
limited to that necessary to achieve,
not the best physical image quality, but
an image quality which is adequate for
accurate diagnostic purposes.

The recent use of rare earth phos-
phors in intensifying screens has made
it possible to achieve a further reduc-
tion in the patient dose.® Until now the
intensifying screens most frequently
used have been based on CaWO,, a
fluorescent compound. Compared with
medium intensifying screens of this
type, the new rare earth phosphor
screens make it possible to reduce the
patient dose by a factor of about 4 at
the same time maintaining the same
image resolution and by a factor of
about 6 with some loss in resolution.

The aim of this investigation was to
test some of the new screens during
céphalometric examination. It was
hoped to establish whether images ex-
posed with the most sensitive screens
exceeded the tolerance limit regarding
resolution resulting in a deterioration

o .
in diagnostic image quality and relia-

bility of landmark identification. Should
this not be the case, high intensifying
screens based on rare earth phosphors
should be recommended for use in
cephalometric examinations.

MATERIAL

The following screen-film combina-
tions were tested: SE 2, SE 4, and SE
6 (CAWO, Philips) combined with
Curix RP1 film (Agfa-Gevaert) ; Alpha
4 and Alpha 8 combined with XD film
(3M). The SE screen series is equiva-
lent to MR 200, MR 400, and MR 600
(Agfa-Gevaert) and TR 2, TR 4, and
TR 6 (Kruppa, Siemens).2

Cephalometric images of a test ob-
ject were exposed. The test phantom
consisted of a dried human skull em-
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bedded in a plastic compound equiva-
lent to soft tissues in attenuation of
roentgen radiation. The phantom was
mounted in a cephalostat and remained
undisturbed until the entire series of
images had been exposed.

The SE series was exposed using 60,
80, and 100 kvp, respectively. Since the
Alpha screens produced a greater image
contrast than the SE screens, this series
was exposed at 80, 100, and 125 kvp to
achieve approximately the same image
contrast in both series. The mAs prod-
uct was adjusted for each exposure to
give an average film density of about 1
for the entire material. This was
checked by scanning each film with a
densitometer.

Film processing was standardized us-
ing an automatic developing machine.

METHOD

The different screen-film-kvp com-
binations were gathered into five iden-
tical series. The films (15) were ar-
ranged in ascending order of image
quality according to their physical data.
Five experienced orthodontists were
asked to take part in the investigation

as unbiased ohservers.

Landmarks

The landmarks to be identified were
chosen with a view to studying as wide
a variety in character as possible in-
cluding both skeletal and soft tissue
landmarks (Fig. 1).

The landmarks were clearly defined
for each observer to eliminate any dif-
ferences in opinion. The observers were
then asked to identify each landmark
by making a pin prick directly on the
film. Each series was examined in nu-
merical order and under standard con-
ditions with a minimum of four hours
between each film.

Evaluation
Using a positive image printed from
the original series and with a transpar-
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Fig. 1 Articulare (ar) ; basion (ba); in-
cision superius (is); labrale superius
(1s) ; prosthion (pr); pronasale (prn);
spinal point (sp); supramentale (sm);
sukspinale (ss); stomion (sto).
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ent millimeter square graphic inset cov-
ering the area to be examined, it was
possible by a process of subtraction to
orientate an identical system of coordi-
nates over each image (Fig. 2). Each
pin prick was then identified and given
an x and y coordinate read to the near-

est 0.1 mm using a calibrated magnify-

ing glass with a magnification factor of
8. The collection of data was performed
by one of the authors.

The coordinate system employed for
registration was randomly selected. Due
to the characteristic distribution of the
estimations for each landmark, ie., the
varying pattern and orientation (Fig.
3a), the distribution along the x and y
axes of the coordinate system is not rep-
resentative of image quality. In a non-
circular distribution the distribution
along the long axis is more influenced

\

Fig. 2 TIllustration of the cephalometric image (A) and the positive print template
including a coordinate inset (B). Perfect superimposition (A/B) results in a total
blackout of all structural details allowing a reproducible location of the coordinate
inset.
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Fig. 3 Rotation and translation of a
noncircular distribution of collected esti-
mations for one landmark. The regres-
sion line becomes vertical and the mean
lies over the origin of the new coordinate
system. Note the change in the range,
Ax and Ay as compared with Ax” and Ay,
respectively.

by landmark identification than the dis-
tribution along the short axis. The lat-
ter should be the most representative
measure of diagnostic image quality.
To eliminate the error caused by non-
circular distributions with random in-
clination to the coordinate system a re-
gression analysis of the collected data
for each landmark was performed and
the inclination of the regression line
was determined. By simultaneous co-
ordinate rotation and translation all
data could be uprighted around the
origin of one and the same new coordi-
nate system (Fig. 3b). In addition, the
practice of translating the mean to the
origin succeeded in eliminating system-
atic errors occurring between the ob-
servers. This mathematical adjustment
of the data was computed using the
following expressions:
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TABLE 1

Classification of coordinates into threc
groups according to their standard

deviations.
Group  Standard Landmarks
deviations
I 0.19-0.21 ar x "and y’ coor-
dinates
is x" and y’ coordi-
nates

sm X coordinate

ba x’ coordinate

Is x" and ¥’ coordi-
nates

pr x’ and y’ coordi-
nates

sm y’ coordinate

ss X’ coordinate

sto x’ coordinate

ba y’ coordinate

prn x" and y’ coor-
dinates

sp x" and y’ eoordi-
nates

ss y’ coordinate

sto y’ coordinate

II 0.33-0.50

III 0.57-0.96

’

X' = (X —xp)cosa + (y — yo)sina

y' = —(x —xq)sina + (y — y,)cosa
where a denotes the inclination of the
regression line, and (xo,y,) defines the
origin of the new coordinate system.

Rogue observations or “outliers” were
eliminated using a test of internal con-
sistency.’® Standard deviations were
then calculated for each Ilandmark
within the new coordinate system. The
x’ and y’ coordinates were treated indi-
vidually and classified into three groups
according to the size of each respective
standard deviation (Table I).

Statistical analysis

Provided the x’ and y’ coordinates of
each landmark are normally distrib-
uted, the quotient of the variance for
the reference material and the various
screen-film-kvp combinations should
follow an F-distribution. The statistical
analysis was carried out on this assump-
tion.

The images exposed with the SE 2
screens were chosen as the reference
images in assessing the other screen-film
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combinations since they, along with the
Alpha 4 screens, were known to have
the best physical properties. This com-
parison was performed for each group
of landmarks.

Method Error

The error of the method employed
in collecting the data was tested. Twen-
ty double determinations were made of
both x and y coordinates, the positive
print template being readjusted be-
tween each registration. The variance
of the method error was then analysed
in relation to the variance of each
group of coordinates as a whole to as-
sess its importance.® It was found that
the error variance was less than 8 per-
cent of the total variance for the group
of coordinates with the smallest stand-
ard deviation, Group I. This would in-
dicate that the error of the method may
have had little influence on the results
obtained from this group. Regarding
the other two groups, the error vari-
ance was found to be less than 3 per-
cent of the total variance in each group.
Consequently, the error of the method
was of little importance in assessing
these results.

REsuLTs

A statistical analysis based on the
data collected from all five observers
was confusing. Significant and insignifi-
cant results showed no correlations with
expected results taking into account
the known physical properties of the
different screen-film combinations. It
was noted, however, that one of the ob-
servers had a large number of rogue
observations or “outliers.” A statistical
comparison between the observers re-
vealed that the consistency in their ob-
servations varied. Of the five observers
one showed a remarkably high consist-
ency irrespective of the physical image
quality, and one had results that were
significantly inconsistent compared with
the remaining four. A repeated statisti-
cal analysis based on the four observers
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showing consistent observations gave
the following results.

From Table II it can be seen that
Group I shows a significant difference
between the identification of landmarks
in the reference images and images ex-
posed with Alpha 8 screens. This dif-
ference could not be registered at 125
kvp but was nevertheless strongly sig-
nificant on examination of the group
as a whole. Regarding images exposed
with SE 6 screens, the difference, though
apparent, was not as strong and indi-
vidual analyses of images exposed at 80
kvp and 60 kvp showed no significant
difference. The images exposed with
Alpha 4 screens were not found to dif-
fer from the reference images neither as
a whole nor at the individual kvp em-
ployed. This also applied to images ex-
posed with SE 4 screens.

For Group II no significant differ-
ences could be noted between the ref-
erence images and those exposed with
SE 6, SE 4, Alpha 8, and Alpha 4

screens.

TABLE II
A comparison between the reference ma-
terial (SE 2) and the other screen-film
combinations within each group. Differ-
ences are given for low, medium, and
high contrast images.

Low  Medium High
Screen contrast contrast contrast Total
imaget  imaget image?

Group I

SE 6 * NS NS **
A]pha 8 NS * %k % %k %k % ok %k
SE 4 NS NS NS NS
Alpha 4 NS NS NS NS
Group II

SE 6 NS NS NS NS
Alpha 8 NS NS NS NS
SE 4 NS NS NS NS

Alpha 4 NS NS NS NS
Group III

SE 6 NS NS NS NS
Alpha 8 NS NS *k NS
SE 4 NS NS NS NS

Alpha 4 NS NS NS NS

tSE series exposed at 60, 80, and 100
kvp; Alpha series exposed at 80, 100,
and 125 kvp.



The analysis of Group III gave simi-
lar results to those found in Group II.
No significant differences in landmark
identification could be found on com-
paring the reference images with im-
ages exposed with SE 6, SE 4, Alpha 8,
and Alpha 4 screens with one excep-
tion. Those images exposed at 80 kvp
using Alpha 8 screens showed a signifi-
cant difference at the 1 percent level;
however, this did not make itself mani-
fest on examination of the group as a
whole.

Discussion

In radiological diagnosis there are
very few situations where it is possible
to establish an optimum imaging system
for both the necessary diagnostic in-
formation contents and the dose given
to the patient. Cephalometric examina-
tions represent one such situation since
the diagnostic information gained from
the examinations is dependent on the
reliability of landmark identification.
The present investigation has proved
successful in objectively measuring the
reliability of landmark identification. It
has also shown that it is possible to
establish a limit beyond which a further
decrease in image resolution significant-
ly increases the uncertainty in landmark
identification.

To limit the investigation to an ob-
jective study of image quality as re-
lated to identification of certain land-
marks it was necessary to minimize all
other possible sources of error. A series
of cephalometric images exposed with-
out disturbing the test object eliminated
errors due to differences in projection.
Scanning of each film with a densito-
meter made it possible to adjust the
exposure to achieve uniform density
throughout the entire series. By placing
each series in an ascending order of
physical image quality it was hoped
that the observers would not gain any
positive assistance from previously ex-
amined images. The landmarks were
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discussed in detail with each observer
to avoid any differences in opinion
about definition. In addition, the prac-
tice of translating the coordinates so
that the mean values became central-
ized over the origin of one and the same
coordinate system was applied to elimi-
nate systematic differences between the
observers. This method is, to our knowl-
edge, unique in connection with evalu-
ation of cephalometric measurements.
This can also be said of the subsequent
rotation to a vertical position of the
regression lines calculated for each
landmark to study the distribution of
the collected data to give the most re-
liable measure of diagnostic image
quality.

Developing an accurate method of
registering the identified landmarks was
a difficult problem. This had to be per-
formed so the expected minor differ-
ences in landmark identification be-
tween images exposed with different
screen-film combinations were not ob-
scured by the method of data collecting.
Registration of the landmarks identi-
fied using the method of superimposi-
tion and subtraction was found to have
an insignificant method error.

analuveine thace ra
analysing those Co

nates having the lowest standard devia-
tions, Group I, it was hoped that dif-
ferences in diagnostic image quality
would be most easily detected. This was
found to be the case and a gradual
deterioration in image quality could
be reported with no significant differ-
ence for the Alpha 4 and SE 4 screens
compared with the reference screens, a
significant difference for the SE 6
screens (1% level), and a strongly sig-
nificant difference for the Alpha 8
screens (0.1% level). These findings
are in good agreement with the known
physical properties of the screens. Im-
age resolution at 80 kvp and 30 percent
contrast has previously been established
for the different screens: Alpha 4, 3.5

ordi.
orai
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line pairs per mm, SE 2, 2.6 1p/mm,
SE 4, 2.5 1p/mm, Alpha 8, 2.2 1p/mm,
and SE 6, 1.8 1p/mm.** With regard to
this parameter of physical image qual-
ity, images exposed with Alpha 8
screens should be superior to those ex-
posed with SE 6 screens. The results
obtained from this investigation sug-
gested the opposite. There may be sev-
eral explanations for this finding, the
most probable being quantum mottle
influencing the former images more
than the latter thus reducing the diag-
nostic image quality as compared with
the physical image quality. Further-
more, due to differences in sensitivity
between the various screen-film com-
binations at different kilovolts, the con-
trast in the images is such that the reso-
lution is not directly comparable at one
single kilovolt value. The method error
may also have influenced the results ob-
tained. The gradual deterioration in
diagnostic image quality seen in Group
I could not be demonstrated in Groups
IT and III due to the masking effect of
other more important factors than the
physical image quality, i.e, the larger
standard deviations which express
greater uncertainty in landmark identi-
fication.

The interobserver differences which
led to the elimination of one observer
from the final statistical analysis illus-
trate the fact that such variations may
often be greater than the. effects of
physical image quality. Previous investi-
gations have examined the effects of
other factors such as radiological knowl-
edge, differences in projection, distinct-
ness of structural detail, and noise from
adjacent structures on the reliability of
landmark identification. It would ap-
pear from this study that physical im-
age quality is the least important of
these factors. Landmark identification
may be regarded as an application of
pattern recognition. The results of this
study can, therefore, be said to confirm
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the observation of Rossmann and Wi-
ley?? that physical image quality is less
important than pattern recognition.

The effects of physical image quality
on landmark identification became sig-
nificant for those landmarks showing
the narrowest distribution. It is ques-
tionable, however, whether this finding
1s clinically meaningful since other
landmarks with a wider distribution
are likely to mask these few specific
and distinct points during measure-
ments of angles and distances in the
images.

Regarding the choice of kilovolts it
may be said that those images exposed
with high kilovolts (low contrast im-
ages) tended to be preferable. The
soft tissues became more easily identi-
fied, a factor of increasing significance
in contemporary cephalometric analy-
sis. Furthermore, by increasing the kilo-

volts the patient dose is usually re-
duced.

The conclusions to be drawn are that
high intensifying screens are to be rec-
ommended for use in cephalometric
analyses. They help to reduce the pa-
tient dose during the exposure of im-
ages, in some cases by a factor as great
as 6, and the sacrifice in image quality
does not seem to jeopardize ordinary
clinical demands on the reliability of
cephalometric measurements.

SuMMARY

The effect of rare-earth phosphor in-
tensifying screens on diagnostic image
quality was examined. Five observers
were asked to identify ten landmarks
on each of fifteen cephalometric images
having varying screen-film-kvp combi-
nations. The most sensitive screens
were found to significantly affect diag-
nostic image quality and thereby the
reliability of landmark identification.
This finding was, however, only estab-
lished for those landmarks having the
lowest standard deviations and the
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clinical significance is thus questionable.
There would appear to be other more
important factors than physical image
quality involved in the reliability of
landmark identification. High intensi-
fying screens are, therefore, recom-
mended for use in cephalometric analy-
ses since they help to reduce patient
dose and do not appear to sacrifice di-
agnostic image quality to the extent
that the reliability of cephalometric
measurements is significantly affected.
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