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CHAPTER 1

GENERAL INTRODUCTION

In general radiographs are used to gather information on form, composition and function of different organs or functional systems in both man
and animals. Medical, dental and veterinary radiographs are almost always
evaluated visually. The interpreter needs much experience to be able to
decide if a radiograph shows a normal or abnormal picture. He evaluates the
form of structures, the projection and other aspects of a radiograph by
comparing these with mental images based on previous experiences. Visual
interpretation is subjective and easily influenced by, for example, tiredness,
reduced attention and interest or noisy surroundings with many interruptions which complicate the interpretation of radiographs. This may partly
explain the large variation that can be found in the conclusions drawn by
different interpreters from the same radiographs.
In dentistry radiographs are usually made without standardized conditions. If such radiographs are compared to evaluate the effect of certain
dental treatments great caution should be applied. Differences in size of the
structures on radiographs may be caused by real changes but also by
changes in projection. Further, structures may have become more or less
radiolucent by changes in size or composition, but they may also seem
more or less radiolucent as a result of differences in exposure or development factors. To evaluate changes adequately, a standardized radiographic
technique should be employed.
The interpretation of dental radiographs is a complex process, a process which is difficult to replace by a computer program. Nevertheless,
attempts have been made to replace the visual interpretation of radiographs
by densitometric analysis with the help of a computer. At this moment
computers may be used to detect changes between standardized radiographs of
the same patient, but it is not yet possible to differentiate adequately
between normality and abnormality in radiographs, a differentiation an
experienced radiologist can make within seconds in most cases.
Intra-oral radiographs are used in dentistry mainly to detect caries,
evaluate periodontal conditions, diagnose periapical abnormalities and control certain aspects of dental restorations. With the investigations described
in this thesis an attempt is made to contribute to the standardization of
radiographic projections and the replacement or supplementation of visual
interpretation of radiographs by computerized densitometry.
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To quantify the validity of radiographic analysis in dentristry preference was given to the apical area and particularly to the study of the
changes in periapical radiolucencies, as they take place after endodontic
treatment.
In Chapter 2 the errors of the methods involved in the extension tube
paralleling technique are assessed by means of error estimators on 311
periapical radiographs which were taken of 125 endodontically treated posterior teeth, by using clearly definable points on the root fillings. In Chapter 3 the variations that exist in apparently identical dental radiographs are
described. A technique for standardized projections is reported and evaluated in Chapter 4. The error involved in the visual interpretation of periapical radiolucencies is assessed in the next chapter. In Chapters 6, 7 and 8
the value of densitometric analysis of periapical radiolucencies is studied in
experimentally produced periapical radiolucencies, in variations in KVP,
exposure time, thickness of the soft tissue substitutes, the developing process and in the clinical situation.
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Reproduced with permission from Archs. Oral Biol. 18: 745-750, 1973; copyrighted by Pergamon
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CHAPTER

2

VARIATIONS IN MEASUREMENTS OF HUMAN
PERIAPICAL STRUCTURES IN RADIOGRAPHS
A. S. H. DUINKERKE, A. C. M. VAN DE POEL and W. H. DOESBURG

Department of Oral Roentgenology, University of Nijmegen, The Netherlands and
Statistical Department, Computer Centre, University of Nijmegen, The Netherlands
Summary—A sample of 311 periapical radiographs of 125 endodontically treated
posterior teeth were used to estimate the variations in the measurement of periapical
structures. The radiographs were taken at variable time intervals with the extensiontube paralleling technique. Three reference marking points were determined for each
set of radiographs; namely, in order of preference: (1) the apical end of the silver point,
(2) the root apex of the core, (3) the coronal end of the silver point. Finally the distances
between these points were all measured with the help of the Optocom. To examine the
errors, a statistical model is described. Because the true distances between the reference
marking points were constant and the determination of the distances between these
marking points on the radiographs contributed only negligibly to the overall error, the
variations in measurement resulted from variations in the positioning of the film and the
direction of the X-ray beam. These variations were significantly greater in the maxilla
than in the mandible.
INTRODUCTION
ONE OF THE reasons for using periapical radiography in dentistry is to detect morbid
changes around the apices of the roots of teeth; another is to assess the results of
endodontic therapy. If the periapical radiolucency present at the start of treatment
diminishes and finally disappears, it can be assumed that a normal bone structure is
being restored. In some cases, however, the periapical radiolucency persists due to the
presence of a fibrous scar (QUINTANA and VELAZQUEZ, 1969).

Alteration in size of the radiolucency is determined not only by changes in the
dimensions of the lesion but also by the manner in which it is projected on the film.
Several workers have developed techniques for standardizing serial dental radiographs
in order to eliminate this factor and, in most cases, the extension tube-paralleling
technique is used. The method most commonly used involves attachment of a plastic
splint to the paralleling instrument which localises the occlusal part of the crown of the
tooth to be radiographed (HEIDEBORN, 1970; MATSUE et al., 1970; MATSUE et ai, 1971 ;
PLOTNICK, BERESIN and SIMKJNS, 1971; RENGGLI, STEINER and CURILOVIÓ, 1971).

This method is practicable, however, only if the occlusal surface remains unchanged.
In restorative dentistry, the occlusal part of the tooth is often replaced by a restoration
which, in the case of endodontically treated teeth, is often supported by a silver core.
Moreover, adjacent teeth need often to be treated as well, with the result that all occlusal points of reference are lost. If, in such cases, changes in the size of a radiolucency
before and after treatment are to be followed up, it is desirable to determine the
reproducibility of a technique which makes no use of occlusal reference points.
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Therefore the extension-tube paralleling technique and a Utrecht-type film-holder
was used (VAN AKEN, 1969).
Clinicians use alterations in size of periapical radiolucencies to determine the
success or failure of the endodontic therapy. For this reason, it is important to know:
(a) the reliability of an estimation of the size of periapical structures using periapical
radiographs, (b) the reliability of changes in size which are estimated during longitudinal studies.
MATERIALS A N D METHODS
Five radiographs were obtained of endodontically treated teeth at intervals, viz. immediately before
and immediately after root-canal therapy, and 3, 9 and 21 months later. The number of radiographs
used depended on availability and suitability (Table 1). The exposures were carried out by several
TABLE 1. INFORMATION ON THE SAMPLE, THE DISTANCES MEASURED AND THE STANDARD DEVIATIONS OF THE
METHOD-ERRORS

2. (Single measurements)

1. (Duplicate measurements)
Molars (!•)
Number of series of three
radiographs
Number of series of two
radiographs
Ranges of distances measured
in mm
Marking-error JM in mm
Overall-error s? in mm
Posmomng-error is in mm
is = V ( Î F 2 -

J«2)

Maxilla

Mandible

Mandible
Molare (1")

Premolars

Molare

Premolars

Molars

5

7

2

26

12

11

7

3

24

16

21

1-26
005·
0-21
0-21

1-22
005·
0-25
0-25

1-14
0 05·
0-79
0-79

Ì-18
005*
0-85
0-85

2-12
005
0-22
0-22

9-18
015

21

• a Taken from 1·; see text page 749.
Ib — determination of the distance between three silver points.
l — determination of the distance between two silver points and the enamel-cementum border.

experienced technicians, in accordance with the principles of the extension-tube paralleling technique
and with the aid offilm-holders,model Utrecht (VAN AKEN, 1969). Exposure and development were
standardized. Three reference markings recurrent in the entire series were selected for each tooth to be
assessed on the radiographs; in order of preference: (1) the apical end of the silver point, (2) the
root apex of the core, (3) the coronal end of the silver point. It may be assumed that these points,
cemented in the root canals at the apex, maintain a constant distance to each other. They can be
considered as the metallic implants used in growth studies (BJÓRK, 1955). Moreover, they can be
readily identified on radiographs because of their high contrast. The distances between the markings
selected were measured with the aid of the Optocom (VAN DER LINDEN et αι., 1972). It is possible, by
means of this apparatus and the two-dimensionally movable object table with attached viewer, to
determine accurately in tenths of millimetres the coordinates of the reference points in relation to two
perpendicular axes. The reference marking-points on the radiograph to be recorded were aligned with
the centre of two cross-wires in the microscope, using the object table. By means of a data converter,
the measuring points were then written out on the Teletype and simultaneously punched on paper
tape.
The following measurements were made:
(1) In radiographs of lower molars, measurements of distances between:
(a) three readily sharp marking-points
(b) a sharp marking-point and a less sharp marking-point, namely the enamel-cementum border.
All these measurements were repeated after one week by the same observer.
(2) In radiographs of the upper and lower premolars and molars, measurements of distances between
the three selected and sharp marking reference-points.
These measurements were made only once, all by the same observer.
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A theoretical model and the construction of the error estimators
1 Sources of variation in measuring the distance between two points in the radiographs of mandibular molars All distances were measured in duplicate
There arc two sources of variation to be considered in measurements of a distance by the technique
described
(1) marking of the radiograph the so-called "marking-errors" are indicated as €M [Random variables
will always be underlined £( ) and var ( ) are used to refer to, respectively, the expected value
(the mean) and the variance of the random variable (in brackets) ] The estimate sM of the standard
deviation σΜ will henceforth be regarded as a measure of the possible size of the marking error, and
(2) positioning of the film and the direction of the centre beam m relation to the longitudinal axis of
the tooth, "positioning errors", which are indicated as fs To the standard deviation os of this
positioning error may also contribute possible (minor) variations of the application of the extensiontube paralleling technique by different operators
In order to gam some impression of the size of the variations mentioned, the following model was
used distance measured = true distance + marking error + positioning error, or
S =X+

SM

+ is

It is assumed that çM and 55 are mutually independent random variables (a logical assumption in view
of the measuring procedure), and
£(*„) = 0

£(5s) = 0
2

var («„) = <тм

var (г5) = o s

2

To what will be called the "overall error" fw + fs = f F then applies:
E(u) = 0
1

var ( i , ) = σ Μ 2 + o s 2 = Of .

Using this model, and with the aid of the information obtained from the measurements, estimators
have been constructed of:
v H z : gives information on the accuracy of marking of the reference point selected The estimator is
indicated as ÍM2 ,
as2·. can be regarded as a value of the reproducibility of the measurement obtained from the radiograph at exposures made by the extension tube paralleling technique at different times and by different
operators The estimator of o s 2 is called fs2,
ar1: describes the possible error in an individual distance measurement by means of the technique
used The estimator is called 5 f2
The three distances between the three selected reference points were each measured twice at an
interval of 1 week in five series of three radiographs, and eleven series of two radiographs of the
mandibular molar region Thus a total of 111 distances were measured in duplicate
The estimator $*,*
Suppose for the 1· observation scheme (1 = 1
Then the estimator of σ Μ | 2 is:

,111) var (Í M ) = σΜ(2
hi

ÍM 2 =

<

Jh, Σfc"_ *J2)1

in which jf = distance measured between two reference points,
' = index of an observation scheme 0 = 1,
,111)
j = position index 0 = 1 , .
, Ai)
hi = number of radiographs (2 or 3)
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As, with the measuring technique used, the marking error did not depend on the radiograph series
(three well-contrasting points having been selected in each series), and because the distances measured

*«-¿((2*"+2*")
proved not to correlate with the estimated marking errors sul (sample correlation coefficient r =
2
—0-06), it seems justifiable to assume that all SM,2 are estimates of the same σΜ ·, in which case, an
2
unbiased estimator of σ Μ is:

ÎM

ι
2

2

2

2

Under the assumption that all sMl are estimates for the same σΜ , the statistic 2sM lsM is supposed
2
to be approximate χ distributed with two degrees of freedom. Because all calculated values do not
exceed the 1 per cent and the 99 per cent point of this distribution, the assumption is not rejected.
2

The estimator sF
Suppose for the i' observation scheme: var. («,·) =

2

oF .

2

is an unbiased estimator of oF .
In view of our sample-results concerning the SF2 values, it seems justifiable to assume that all
sF2 are estimates of the same aF2 (sample correlation-coefficient rixc sFi) = 0-09).
The the estimator for aF2 is:

'Σ*«·*»·2

2 (A. - D i r , 2
ι

+ i

ÍF

i

S^'-D-W
i

Σ".

Σ (A'

1)

The estimated overall errors ir, were found not to correlate with the estimated distances between the
pairs of points (r = 009).
The estimator ss2
The estimator of as2 is calculated from:
Ss2 = i f 2

-

fu2·

2. Estimates of the errors from the single measurements in radiographs of maxillary and mandibular
premolars and molars.
In the available 125 series of measured radiographs, the estimate of oF2 (based on a similar argu
mentation as followed in the preceeding formulas) was calculated from:

Σ( Α <

1)-І Г , 2

Σ ( л ' - »)
in which

Λ.'

Α , - 1
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Next, Ss1 was calculated from: gs2 = Sr2 — fu2 in which, for each of the four groups examined,
the estimate from the result presented in 1. was used for fu2. This procedure seemed justifiable because
the distances measured in 2. varied within about the same range as those measured in 1. and because
analysis of the results of 1. showed that, if the points can be marked with equal accuracy, the marking
error is independent of the radiograph.
FINDINGS

The most relevant data on thefindingsare presented in Table 1. Further, a significantly greater marking error (j> < 0-05; Wilcoxon's two-sample test I* — Ib)
occurred when the enamel-cementum border was used as one of the reference points.
No significant difference in overall error was shown between the measurements in the
premolar region and those in the molar region (j> > 0-50 ; linear combination of
Wilcoxon test statistics (RÜMKE and VAN EEDEN, 1961) for the maxilla and the
mandible). The estimates of the overall error (sF) were significantly higher for the
maxilla than for the mandible (p « 0-001 ; linear combination of Wilcoxon test
statistics in premolars and molars together).
Variations in the marking of points (if well-contrasting) using the Optocom instrument contributed only negligibly to the overall error. It is clear that the error in
measurement of a distance with the method described results almost exclusively from
variations in the positioning of the film and in the direction of the centre beam, in
relation to the longitudinal axis of the tooth.
DISCUSSION

The experimentalfindingsindicate that the positioning error is the largest factor in
the total error, at least when an accurate and sophisticated measuring instrument as
the Optocom is used.
It may be assumed that the measuring error will be considerably larger when the
estimation of the size of a radiolucency is performed with the naked eye with or
without a ruler or a sliding calliper. Further, the demarcation of a periapical radiolucency is usually not well-defined. Estimating its size involves 2 or more points. Every
one of these points will probably have a larger locating error than the cementumenamel junction studied. Comparing two different radiographs to estimate a change
in size of a specific radiolucency involves the error of the difference, that is one,
larger than the error of the method of the single determination (Var (2 + 1) = Var 2
+ Var 1).
A classification (EGGINK, 1970) for the assessment of periapical radiolucencies in
radiographs has to be handled with care. The differentiation: no abnormality, radiolucency < 2 mm, 2 mm < radiolucency < 4 mm, radiolucency > 4 mm, may be
adequate for the evaluation of radiolucencies with a sharply defined border in the
premolar and molar region of the mandible. However, for the buccal regions of the
upper jaw, the classification indicated above is probably too refined. This phenomenon
is related to the limitations adherent to the standardized positioning of films against
the contour of the palate (BARR and GR0N, 1959) and the subsequent deformation of
the image of the structures radiographed (VAN AKEN, 1969).
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Résumé—Un échantillon de 311 radiographies périapicales de 125 dents postérieures
traitées endodontiquement, ont été utilisées pour évaluer les variations de dimensions
des structures périapicales. Les radiographies ont été prises à d'intervalles de temps
variables, avec la technique du parallélisme avec le tube d'extension. Pour chaque
groupe de radiographies on a déterminé trois points marquants de référence : c'est à dire
enordre de préférence: (1) l'extrémité apexienne du plombage en argent; (2) l'apex de la
racine; (3) l'extrémité coronale du plombage en argent. Finalement, toutes les distances
entre ces points ont été mesurées avec l'aide du Optocome. Pour examiner les erreurs, on
décrit un modèle statistique. Parce que les vraies distances entre les points marquants de
référence étaient constantes et la détermination des distances entre ces points marquants
sur les radiographies contribuaient à peine à l'erreur globale, les variations du mesurage
résultaient de variations de la position du film et de la direction du faisceau de rayons-X.
Ces variations étaient significativement plus grandes dans le maxillaire que dans la
mandibule.
Zusammenfassung—Es wurden Proben von 311 periapikalen Röntgenaufnahmen von
125 endodontisch behandelten, hinteren Zähnen benutzt, um die Änderungen der Maße
periapikaler Strukturen zu schätzen. Die Röntgenaufnahmen wurden mit Verlangerungsrohrparalleltechnik in verschiedenen zeitlichen Abständen genommen. Es wurden
drei Markierungsbezugspunkte für jeden Satz der Röntgenaufnahmen festgelegt,
nämlich in Reihenfolge gemäss Vorzug: (1) das apikale Ende der Silberspitze; (2) die
Wurzelspitze des Kerns; (3) das Kronenende der Silberspitze. Abschliessend wurden die
Entfernungen zwischen diesen Stellen mit Hilfe des Optocom. gemessen. Zur Untersuchung der Fehler wird ein statistisches Modell beschrieben. Da die wahren Entfernungen zwischen den Markierungsbezugspunkten konstant waren und da die Feststellung der Entfernungen zwischen diesen Markierungspunkten auf den Röntgenaufnahmen nur unbedeutend zu dem Gesamtirrtum beitrugen, ergaben sich die Variationen
der Messung aus Variationen in der Lage des Films und der Richtung des Röntgenstrahls.
Diese Variationen waren in dem Oberkiefer erheblich größer als im Unterkiefer.
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CHAPTER 3

An analysis of apparently identical dental
radiographs
A. S. H. Duinkerke and А. С M. van de Poel*
The Netherlands

Nijmegen,

DEPARTMENT OF ORAL ROENTGENOLOGY, UNIVERSITY OF NIJMEGEN
Twenty-nine series of dental radiographs, made with the extension tube paralleling
technique and determined on the basis of certain criteria to be apparently identical,
were used to determine variations in three particular periapical area measurements
between points which were constant in each series. Because of the accuracy of the
measuring technique, it could be' shown that although two radiographs of the same
object seem to be identical when lying side by side, they can differ considerably.
This causes some limitations in the assessment of changes in the diameter of
periapical radiolucencies.

Τ

JL he periapical dental radiograph is a valuable adjunct in the postendodontic
follow-up of a periapical lesion if the preoperative and postoperative radiographs
have been made under strictly standardized conditions so that they are identical. 1
In this case, a decrease in size of the projection of the periapical lesion on
the film after certain time intervals can be interpreted as an indication of an
ultimately successful endodontic treatment.
In general, two different radiographs from the same object are considered
identical if the one can be superimposed on the other so that the images of both
coincide exactly and if both are of equal density, contrast, and definition. In
the past the equality of the image on the radiographs has been given little
attention in the literature. Many endodontic studies do not describe whether
the extension tube paralleling technique or the bisecting rule was employed
during the exposure of the film. Unless special precautions for standardization
*Head of the Department of Oral Roentgenology.
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are taken, neither of these techniques necessarily ensures identical angulation
of the beam and placement of the film. The superimposition of the films with
no visible differences can be considered as a subjective criterion to test standardization, as no adequate measuring technique is used.
The diameter of a radiolucency is generally used to describe the size of
the lesion. Therefore, length measurements in the periapical region can be used
to analyze the influence of the projection on these measurements. Previously it
has been shown2 that when there has been no exact standardization for the
placement of film and the direction of the x-ray beam (besides the application
of the extension tube paralleling technique and the use of a paralleling instrument), the assessment of the diameter of a periapical radiolucency has certain
limitations. In this study the elimination of some of these limitations is described
through the use of certain criteria for the absence of visible differences. The
radiographs which seem identical during such a selection can be called
"apparently identical."
MATERIAL AND METHOD

The radiographs used in this study formed part of a collection of periapical
views from the Department of Endodontics at the University of Nijmegen. The
original series contained radiographs taken by experienced technicians immediately before and after endodontic treatment and 3, 9, and 21 months later.
The extension tube paralleling technique and an Utrecht type of paralleling
instrument described by Van Aken3 were used in each instance. From these
series, views were selected which seemed identical when lying side by side,
according to the f ollowing criteria :
1. The position of the occlusal plane in relation to the border of the film.
2. The outline and the relationship of the roots of teeth to the surrounding bone structures, such as the zygomatic arch, the maxillary sinus,
the mandibular canal, the mental foramen, and the cortical rim of the
mandible.
3. The length of the roots of the teeth.
4. The relationship between the images of the silver points.
However, in radiographs of mandibular teeth in which the root canal is
entirely filled with cement, the mesiobuccal and mesiolingual canals in the
mandibular molars arc indistinguishable. This criterion was therefore studied
individually and in combination with criteria 1, 2, and 3 above.
All selected radiographs were examined with the Optocom.4 With this instrument, the distance between three accurately located reference marking points
can be determined in each radiograph of the tooth in question. These marking
points, in order of preference, are: (1) the apical end of the silver point, (2)
the root apex of the core, and (3) the coronal end of the silver point. Because
all the silver points arc cemented in the roots of the teeth radiographed, the
real distance between them is considered to be constant. With the aid of
previously derived error estimators,2 the length measurements were analyzed. It
has been found that, for the material used and with the method of measurement
described, the variations in the marking of the reference points contributed
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Table I. Information on the sample and the estimated spread of the positioning
error
Measurements on radiographs
of teeth in. the:
Combination of films*
Positioning error (mm.)
Ranges of distances (mm.)
Number of series of tliree radiographs
Number of series of two radiographs

Maxilla

Mandible

1

2

3

0 83

0.48
3 11

0.36
1-16

118
33
37
70

0
5
5

1
4
5

4

0 42
1 16

1
9
10

1
0.25
1 26

28
37
65

2
0.12
1-26

1
13
14

3

4

0.27
1 11

0 17

0
5
5

126
1
18
19

*1 = : Series consisting of radiographs of endodontically treated teeth, made with the aid
of the extension tube paralleling technique. 2 = Scries consisting of apparently identical
radiographs, selected from 1. 3 = Series consisting of apparently almost identical radiographs
(only the relationship of the apical silver point section differs), selected from 1, 4 = Combi
nation of Groups 2 and 3 (which results when no attention is given to the relationship between
the apical silver point sections).

negligibly to the over-all error, provided the radiographic contrast was good.
It was assumed, therefore, that variations in measurement must have resulted
from variations in the position of the film and the direction of the x-ray beam
in relation to the longitudinal axis of the tooth. The estimator of the positioning
error as is as follows :

Σ (hi-Dsï·,
Σ

i

(Ьі-1)

where hi = number of radiographs per series
and Spi = estimator of the over-all error per series.
FINDINGS
The most relevant data on the findings are presented in Table I.
Combination 1 (Table I) contains the original series of unselected radio
graphs. Assessments of the diameter of periapical structures on these radio
graphs have an estimated standard deviation of 0.83 mm. in the maxilla and
0.25 mm. in the mandible.
The magnitude of the positioning error, even with the better standardization
by means of the application of the extension tube paralleling technique, is also
demonstrated in the selection of apparently identical radiographs (combination
2) from the original series (combination 1, Table I ) . The number of apparently
identical radiographs was much smaller in the maxilla than in the same region
for the mandible (test on the 2 x 2 table; χ2 = 3.62, ρ < 0.10) ; of the seventy
series of radiographs of the maxillary premolars and molars and sixty-five series
of radiographs of the mandibular teeth, five series in the maxilla and fourteen
series in the mandible consisted of apparently identical radiographs. When this
is converted to possible combinations of two radiographs to be compared, only
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five of the theoretically possible 136 combinations of two maxillary radiographs
(approximately 4 per cent) and sixteen of the 121 theoretical combinations of
two mandibular radiographs (approximately 13 per cent) were considered good
enough for the selection.
In combination 2, the radiographs conformed to the four criteria described
for apparently identical radiographs (Table I ) . Estimation of the spread of the
positioning error of these selected radiographs revealed a standard deviation
0.48 mm. in the maxilla and 0.12 mm. in the mandible. Comparison of these
values to those of the unselected series (combination 1) revealed a very signif
icant difference in the mandible (p < 0.001; Wilcoxon's test, 41 against 14
5
series). In the radiographs of the maxilla, this difference was not significant
(p s ; 0.18; Wilcoxon's test, 65 against 5 series).
Since the relationship of the mesiobuccal and mesiolingual canals is difficult
to vizualizc roentgenologically after filling of the root canals entirely with
cement, all series conforming to the first three criteria were collected in combi
nation 4 (Table I ) . The estimate for the spread in the positioning error was then
significantly smaller in the maxilla (0.01 < ρ < 0.05; Wilcoxon's test, 60 versus
10 series) and highly significantly smaller in the mandible (p < 0.001;
Wilcoxon's test 46 versus 19 series) in comparison with unselected series.
If the effect of criterion 4 is studied on radiographs of the premolar and
molar areas of the mandible, an indication is found for a reduction of the posi
tioning error (0.05 < ρ < 0.10; Wilcoxon's test, 14 versus 15 series) if all four
criteria are applied, as compared with use of the first three only (combinations
2 and 3, respectively).
DISCUSSION
In this study it was determined that the positioning error was caused by
differences in the placement of the film and the direction of the x-ray beam.
The marking error arose from differences in the interpretation of the diameter
of a structure. The sum of these two made the total error. The true size of the
structures did not change when the distances between cemented silver points
in the roots of the teeth were measured. Because the marking error proved to
be negligibly small, the total error consisted of the positioning error only.
When the positioning error is estimated to be 0.83 mm., as in the unselected
series of radiographs of the maxillary premolar and molar area (Table I ) , then
for assessments of the diameter of periapical structures on the radiographs a
standard deviation (σ) of at least 0.83 mm. must be taken into account. This
is true because in this case there are no silver points to determine the outline
exactly and, also, a less sophisticated measuring instrument is used in most
instances. This means, for this example, that if the size of a radiolucent area is
estimated to be 4 mm. on the radiograph, the true size is very likely to be
between 6.5 mm. and 1.5 mm. (± 3 σ).
It is generally accepted that if the diameter of a radiolucent area on a
radiograph increases or decreases, the actual lesion has itself altered. However,
because of different projections, such an assumption cannot be justified.' Because
the projection has not been standardized, in many endodontic studies inference
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from the results must be limited.2 If, in the evaluation of endodontic therapy,
only apparently identical radiographs were used instead of all the views being
made with a not completely standardized projecting technique, the results could
be regarded as compatible and, therefore, would have significance.
With regard to the positioning error of the apparently identical mandibular
radiographs which were analyzed, the following classification may be adequate
to assess mandibular periapical radioluccncics with sharply defined borders :
No abnormality or radiolucency ^ 1 mm.
1 mm. < radiolucency <[ 2 mm.
2 mm. < radiolucency ^ 3 mm.
Etc.
From the results of this study, it may be assumed that a radiolucency has
really become smaller when it can be graded lower in this classification than
before. When apparently identical radiographs of maxillary premolars and
molars are used, this latter classification seems too refined.
Comparison of routine radiographs of mandibular premolars and molars
showed that there were only a few in which the radiographs were "apparently
identical," even though the extension tube paralleling technique and the
paralleling instruments were used. A much smaller number of radiographs of
maxillary teeth achieved this similarity. It is probable that the shape of the
palate affects the positioning error. 7 The magnitude of this error in radiographs
of the maxillary premolars and molars makes these teeth less suitable for
comparative evaluation of endodontic therapy by radiographic criteria.
Although in most endodontic studies radiographs have been assumed to be
identical, it has been shown in this study that they can differ considerably.
This has been demonstrated by the use of a very accurate measuring technique.2
It is likely that the measuring error would have been considerably greater had
the measurements been carried out by unaided visual assessment or a sliding
caliper gauge.
SUMMARY

Twenty-nine scries of periapical radiographs, made with the extension tube
paralleling technique and a Utrecht type of paralleling instrument and selected
on the basis of certain criteria to be apparently identical, were used to determine
variations in three particular periapical area measurements between points
which were constant in each series. Because of the accuracy of the measuring
technique, it could be shown that when two radiographs of the same object seem
to be identical when lying side by side, they can differ considerably. In this
respect, the selected radiographs of the mandibular premolars and molars proved
to be significantly more reliable than those of the maxillary teeth. This is
probably due to the shape of the palate, which affects the positioning of the
paralleling instrument.
We are indebted to W. H. Doesburg and W. A. Lemmens of the Statistical Department,
Computer Centre, University of Nijmegen, for statistical evaluation of the material.
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CHAPTER 4
EVALUATION OF A TECHNIQUE FOR STANDARDIZED
PERIAPICAL RADIOGRAPHS

A.S.H. Duinkerke, A.C.M. van de Poel, F.P.G.M. van der
Linden, W.H. Doesburg and W.A.J.G. Lemmens, Nijmegen,
The Netherlands
DEPARTMENTS OF ORAL ROENTGENOLOGY, ORTHODONTICS AND
APPLIED STATISTICS, UNIVERSITY OF NIJMEGEN
A paralleling instrument with an orientation bite-block was designed to provide standardized projections on periapical radiographs with the extension tube paralleling technique.
The reproducibility of root images on these radiographs and the relocation of the orientation bite-block in relation to root structures was tested in five patients. Three radiographs were subsequently made of each patient and compared. The projection error
proved to be negligible.

It has generally been assumed that a periapical radiolucency that
appears to become smaller in size and/or less radiolucent represents healing.
Changes in size, however, may also be caused by differences in the projection of the object on the radiograph (Fig. I). 1 · 2 This factor can be eliminated by standardizing projection techniques.
Several evaluation methods were utilized to determine if it is indeed
possible to standardize projections. Quintana and Velazquez3 and Silver et
al. 4 consider two radiographic projections as identical if both images coincide exactly when they are placed on top of each other. Plotnick et al.5 use
the position, size and form of bone trabeculae for comparing two images.
Kirkegaard and Zeuner6 estimated the conformity of two similar radiographs by means of a stereoautograph. Duinkerke et al. 1 , 2 measured and
compared the distances between reference points in endodontically treated
teeth.
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Fig. 1. Schematic drawings of changes in size of the image of an object on radiographs caused
by different projections. Al and Bl are smaller than A2 and B2. In the extension tube paralleling
technique the direction of the X-rays is always oriented perpendicular to the film.

No quantitative information is available yet on the standardization of
images in intra-oral radiographs and on the relocation of films in relation to
the dental structures. It is the purpose of this investigation to provide this
information.

MATERIAL AND METHODS
Three radiographs were made with one week intervals of endodontically treated mandibular first molars in five patients. The extension
tube paralleling technique was used in combination with an individualized
paralleling instrument (Fig. 2). The latter was fitted to the lower and upper
teeth by a splint of rubber impression material (Speed Tray, Сое Labora
tories, U.S.A.). To convert bone density into mm. aluminium equivalents,
the bite-block contained a step-wedge (penetrometer) in increasing thick
ness from 1 to 9 mm. aluminium. All radiographs made showed the pene
trometer and the reference points indicated in Figure 3. Cartesian coordi
nates of the reference points were registered with the Optocom 7 by the
first author.
To test the reproducibility of periapical structures, the distances be
tween the three root points were calculated and compared (a, b and с in
Fig. 3).
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Fig. Ζ Schematic drawings of the application of the individualized paralleling instrument. A,
Buccal view of the intraoral part of the paralleling instrument. The indicator rod (1), the bite-block
(2) with the aluminium step-wedge (penetrometer) (3) and the maxillary (4) and mandibular (5)
rubber splints. B, Lingual view of the intraoral part of the paralleling instrument. The indicator rod
(1), the locator ring (2), the maxillary plastic bar (3) with the rubber splint and the lingual extension
(4) of the bite-block (5).

Fig. ЗА. Schematic drawing of the position of the five reference points on the radiographs: (1)
the apical end of the mesial sUver point; (2) the apical end of the distal sUver point; (3) the root apex
of the core; (4) the inferior point at the edge of the penetrometer image at the border between 2 and
3 mm. aluminium; and (5) that between 7 and 8 mm. aluminium. B, The distances analyzed.
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Table I. Standard deviations of the errors of the method of the three
distance measurements between reference points Nos. 1, 2 and 3 (see
Fig. 3, distances a, b and c).
Patient
number

Standard deviation
for the overaU-crror
Sp(mm.)**

Standard deviation
for the positioningenorsgimm.)***

0.034

0.048

0.034

0.044

0.053

0.030

0.042

0.059

0.041

0.035

0.040

0.019

0.063

0.058

»***

0.045

0.052

0.032

Standard deviation
for the marking-error
Sj^imm.)*

Calculated by comparison of the measurements on the two films in each
film-packet.
Calculated by comparison of the measurements on one film from each
film-packet.' '•'
/2

2

Calculated from the overall-error and the marking-error, s c = ν («г - s . )
a
r M '*
Could not be estimated because the marking-error was estimated to be larger
than the overall-error.

To test the relocation of the bite-block in relation to the root struc
tures, the positions of the three root points, in relation to the penetro
meter, were recorded by means of (1) the perpendicular distances between
each of the three root points to the line connecting the reference markings
on the penetrometer (d, e and f in Fig. 3), and (2) the distances from point
5 to the perpendicular projections of the three root points on that line (g, h
and i in Fig. 3).
RESULTS

The errors of the method were determined with error estimators de
scribed elsewhere. ' The standard deviations of the marking error, the posi
tioning error and the overall error are presented in Tables 1, 2 and 3.
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Table II. Standard deviations of the errors of the method of the three
distance measurements between reference markings Nos. 1, 2 and 3
and the line between the reference markings Nos. 4 and 5 (see Fig. 3,
distances d, e and f).
Patient
number

Standard deviation
for the overall-error
Sp (mm.)*

Standard deviation
for the positiomngerror s s (mm.)*

0.047

0.080

0.065

0.046

0.145

0.138

0.042

0.095

0.085

0.092

0.184

0.159

0.075

0.093

0.055

0.064

0.13

0.11

Standard deviation
for the marking-error
s,^ (mm.)*

See the caption under Table I.

DISCUSSION
Two sources of variation have to be considered in the measurement of
distances in periapical areas, e.g., the diameter of a periapical radiolucency:
the marking error and the positioning error. The sum of the marking error
and the positioning error constitutes the overall error, or total error. The
positioning error is caused by differences in the placement of the film and
the direction of the X-ray beam; the marking error arises from differences
in interpretation, e.g., the position of the outline of a periapical radiolucency, and limitations in the method of recording. The marking error in
this investigation is very small because very easily identifiable and good
markable reference points have been recorded with a highly accurate
machine (the Optocom). The standard deviations of the marking error
(Table 1) proved to be in accordance with those of a previous study. 1
Measurements on two radiographs in the same film-packet, as done in this
investigation, did not differ significantly from repeated measurements on
the same radiograph performed with the same method. 1
The standard deviations of the positioning error, with respect to the
three root points, were derived from the marking errors and the overall
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Table III. Standard deviations of the errors of the method of the three
distance measurements between reference point No. 5 and each of the
perpendicular projections of reference markings Nos. 1, 2 and 3 on the
line connecting the reference points Nos. 4 and 5 (see Fig. 3, distances
g, h and i).
Patient
number

Standard deviation
for the overall-error
Sp (mm.)*

Standard deviation
for the positioningerror Sg (mm.)*

0.089

0.101

0.047

0.134

0.112

Φ*

0.176

0.168

**

0.154

0.157

0.018

0.056

0.144

0.133

0.13

0.14

0.082

Standard deviation
for the marking-error
s M (mm.)*

*

See the caption under Table I.

**

Could not be estimated because the marking-error was estimated to be larger than
the overall-error.

1

errors as presented in Table 1. The relationship between the three points
in the roots and the penetrometer was analyzed analogously (Tables 2 and
3). The values for the positioning error in this investigation proved to be so
small that the projection can be considered to be standardized. This holds
true for the direction of the X-ray beam and the position of the film in
relation to the teeth. The positioning error in this investigation (0.03 mm.,
Table 1) is eight times smaller than that in an investigation with an un1
standardized projection technique (0.25 mm.) and four times smaller than
the positioning error in what were apparently identical radiographs (0.12
mm.) 2
As indicated before the results in Table 1 are based on distances
between two sharp markable points, in Table 2 on those distances between
a root point and its perpendicular projection on the lower edge of the
penetrometer, and in Table 3 on distances between point 5 at the lower
edge of the penetrometer and the perpendicular projections. The reference
points on the edge of the penetrometer (Nos. 4 and 5) are not as easy
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identifiable as those in the teeth (Nos. 1, 2 and 3 in Fig. 3), especially on
dark radiographs, resulting in a relatively larger error of the method for
distances involving points at the penetrometer edge.
The small values of Tables 2 and 3 indicate that it is possible to
accurately reproduce the position of the reference markings in the roots in
relation to the penetrometer, a factor that facilitates the comparison of
densitometric measurements of subsequently collected radiographs of the
same structures.
In the literature no data were found regarding the quantification of
the error of the method in determining measurements made on standardized intraoral radiographs. The study of Kirkegaard and Zeuner6 pertains to
the differences between seemingly identical standardized radiographs as
analyzed by means of a stereoautograph. Their findings indicate also that in
some instances identity in radiographs can be approached.

SUMMARY
Three radiographs were made in each of five patients by means of a
technique that was developed to provide standardized projections. The dis^
tances between five reference points were compared for each series of radiographs by means of previously described error estimators. The error of the
method in estimating distances between root points proved to be very small
(0.05 mm.). The same holds true for the relocation of the penetrometer and
the film in relation to the dental structures. The method developed for
standardizing periapical radiographs proved to be applicable in patients.
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CHAPTER 5

Variations in the interpretation of periapical
radiolucencies
A. S. H. Duinkerke, Л. С. M. Van de Poel, Th. De Boo, and
W. H. Doesburg, Nijmegen, The Netherlands
DEPARTMENTS OF ORAL ROENTGENOI/JGY AND APPLIED STATISTICS,
UNIVERSITY OF NIJMEGEN
Comparison of the first and second interpretations by means of measurements on
enlarged tracings of forty-five periapical radiolucencies by ten experienced dentists
revealed an average relative error of interpretation of 21 per cent for the area
measurements of the readily defined radiolucencies and 37 per cent for the area
measurements of the diffuse radiolucencies. Comparing the dentists, the relative
error of interpretation by means of measurements of the area varied from 14 to
32 per cent for the readily defined radiolucencies and from 23 to 52 per cent
for the diffuse radiolucencies. The differences in interpretation were more obvious
in the area measurements than in the measurements of the largest distance between
the root surface and the outline of the radiolucency or the largest diameter.

Τ

-he results of many endodontic studies related to success and failure rates
are based on the interpretation of periapical radiographs of the teeth treated.
According to Goldman, Pearson, and Darzenta, 1 this is a very questionable
means of determining successes and failures. Little attention has been given in
the literature to the many factors and variables which influence the reproduci
bility of the interpretation. Differences in the density of the film, the angle of
the primary beam, developing and fixing, and the mental state of the examiner
might be involved. These many factors are difficult to separate.
Several methods have been described for measuring the size of periapical
radiolucencies, including the measurement of the diameter, the use of a
classification, and the determination of the area of a tracing. For example,
2
3
4
5
Strindberg, Leuin, Wais, and Sommer, Ostrander, and Crowley measured the
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6

diameter of radiolucencies in millimeters, and Cunningham and Peniek even
gave two measurements related to the sizes. However, they did not define exactly
how and what they measured. Another problem is the form of radiolucencies,
7
which is whimsical in many cases. Eggink used a classification with six stages.
These were defined with the help of a series of radiographs which were used as
a standard in case of doubt. For the analysis of the usefulness of this method,
ten experienced dentists classified a series of 100 radiographs. Although there
was a certain agreement, the extremes differed greatly. One dentist found twenty
radiographs with no abnormalities, while another found fifty-seven in the same
series of 100 radiographs. Some persons did not see an abnormality, where others
7
saw a medium-sized (± 4 to 6 mm.) radiolucency. According to Eggink and
8,8
Brynolf, these results can be improved by comparison of the radiographs with
10
others of the same tooth for judgment of the anatomic situation. Wijk thought
that these differences could be explained by the presence of diffuse radiolucencies
in such series, which are difficult to classify. Therefore, he made a tracing of
the well-defined radiolucencies only and measured its area by means of a
planimeter. However, he did not determine the error of measurement.
1

Recently, Goldman, Pearson, and Darzenta found little agreement between
a number of examiners. In only 42.1 per cent of the judgments as to whether
or not a radiolucency was present did all six examiners agree. I t is also interest
ing to note in this investigation that the examiner who found the fewest
endodontic treatment failures was the one who had treated a larger number of
the patients studied More failures were found, respectively, by those who had
treated fewer or no patients of this group. In a later study Goldman, Pearson,
and Darzenta 1 1 found only 72 to 88 per cent agreement between the first and
second interpretations of the same radiographs by the same examiners. Brynolf9
agreed with herself in only 70 per cent of the interpretations when one film
was used for each tooth studied.
The reproducibility of the radiographic determination of whether an endo
dontic treatment is considered to be a success, questionable, or a failure has been
studied by Goldman, Pearson, Darzenta.1- " Further, the influence of the avail
ability of more than one radiograph on the reproducibility has been described
by Brynolf. 8 · β · 1 2 Many problems remain unsolved however (for instance, the
influence of the density of the films, the projection of the structures on the film,
the developing and fixing procedure, the size, the form, and the definition of
the radiolucency, the anatomic localization, and the measuring method). This
investigation has been carried out to study the reproducibility 'of the inter
pretation of well-defined and diffuse periapical radiolucencies. Three types of
measurement of the size of the radiolucency have been compared.
MATERIAL AND METHODS
From the files of the Department of Endodontics in Nijmegen, fifteen radio
graphs showing a periapical radiolucency with the best-defined border (series
No. 1) were chosen, as well as fifteen radiographs of radiolucencies which were
the most diffuse (series No. 3). A third series of fifteen radiographs was then
selected with characteristics between those of the other two series (series No. 2).
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Fig. 1. Schematic presentation of the method of analysis of the interpretations of the
outline of periapical radiolucencies as used in this study, d, The largest distance; D, the largest
diameter; A, the area measurement.

All radiographs were arranged at random and then interpreted twice by ten
experienced dentists with a time lapse of about 1 week. Two of the dentists were
endodontists (Nos. 9 and 10). The interpretation of the outline of the
radiolucency was registered by tracing the contour of the root and the outline
of the radiolucency. Thus, a total of 900 interpretation-tracings were made (Fig.
1). No effort was made to standardize the viewing conditions. The dentists
interpreted the radiographs on their own viewers, with or without diminishing
the light intensity in the room and with or without screening the light around
the radiographs. To minimize the error of measurement, the interpretationtracings were enlarged 11.6 times by means of a slide projector and then traced
again (all by the same investigator). On these latter measurement-tracings, the
following measurements were made (Pig. 2) :
d: The largest distance (in mm.) from any point on the contour of the
root and perpendicular to the tangent at that point to any point on
the rest of the outline of the radiolucency.
D : The largest diameter (in mm.) of the radiolucency.
A: The area of the radiolucency by weighing the cutting of the tracing
of the area on a Mettler H 16 (E. Mettler Company, Zürich) precision
balance (in 0.1 mg.) ; 160 mg. = 25 cm.2.
Each of these three quantities was considered to represent the magnitude
of the radiolucency. The results were analyzed with the method of m rankings
(test of Friedman 13 ; critical values were obtained from Owen 14 ). If a significant
result was found, multiple comparisons were made by means of the lemma 2
(algebraic) equality. 13 · The whole measuring procedure was carried out twenty
times on three arbitrarily chosen interpretation-tracings for the assessment of
the measuring error (Fig. 1).
RESULTS

In the 900 tracings obtained, not all could be used for the measurements.
In eleven cases no radiolucency had been traced. These tracings were considered to be failures because ( 1 ) the radiographs were selected to have a radiolucency and (2) asking the examiners to trace the radiolucencies means a suggestion that at least one periapical radiolucency can be found on each radiograph.
*The application of these analyses has been described. A copy can be obtained from the
authors.
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Fig. i. Schematic drawing of the contour of the root of an endodontically treated tooth
with the outline of its periapical radiolucency and the quantities which were considered to
represent the magnitude of the radiolucency. d, The largest distance; D, the largest diameter;
A, the area measurement.

The relevant results of the measurements of three types of radiolucency are
presented in Table I. For the readily definable radiolucencies (series No. 1), the
average standard deviation of the difference between the first and second inter
pretations was 0.53 mm. for the largest distance (d), 0.93 mm. for the largest
diameter (D), and 51 mm. 2 for the area (A). These results are obtained by
division of the values in Table I by 11.6. For the diffuse radiolucencies (series
No. 3), these standard deviations are 1.38 mm., 1.90 mm., and 151 mm.2,
respectively. For the intermediate type of radiolucency (series No. 2), the
results were between those of the readily definable and the diffuse radiolucencies :
1.22 mm., 1.24 mm., and 101 mm.2, respectively. The application of the method
of m rankings, one ranking for each dentist (test of Friedman 1 3 ) revealed
significant differences between the three series of radiolucencies for measurement
of the largest distance d (χ 2 = 13.4; df = 2; ρ < 0.01), the largest diameter I)
(χ 2 = 8.6; df = 2; ρ e¿ 0.01), and the area (χ 2 = 12.8; df = 2; ρ < 0.01).
These differences have been further specified in Table I I by means of the lemma
2 (algebraic) equality. 13 The results confirmed that the reproducibility of the
measurements was dependent on the definition of the border of the radiolucency.
All three types of measurement carried out were significantly less reproducible (p
< 0.05) in the case of diffuse radiolucencies than in the well-defined radiolucency.
Comparison of the ten dentists by means of the method of m rankings, one
ranking for each radiolucency (test of Friedman, 1 3 with regard to the reproduci
bility of their measurements revealed no significant differences (p > 0.25). This
and inspection of the results in Table I imply that the two endodontists (Nos. 9
and 10) did not interpret the radiolucencies more reproducibly than did the
others.
For the assessment of the measuring error (Fig. 1) the mean and standard
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Table I. The standard deviation of the differences in two interpretations of the
size of periapical radiolucencies on forty-five radiographs by ten experienced
dentists
Largest distance d

(mm.)

Largest diameter

Dentist
No.

Series*
1

Series

Series
3

Series
1

Series

1
2
3
4
5
6
7
8
9
10
Mean

4.9
5.1
6.7
7.3
3.2
5.7
13.8
5.8
4.6
4.2
6.1

16.7
17.9
8.4
28.5
7.6
16.6
12.0
12.4
5.6
16.3
14.2

8.0
22.7
19.8
13.6
17.3
18.3
16.6
10.5
15.1
18.4
16.0

11.8
10.4
8.8
19.6
8.8
10.9
5.9
11.5
11.1
8.7
10.8

20.0
16.9
7.0
23.7
6.4
18.1
13.7
10.7
13.0
14.8
14.4

г

D

(mm.)
Series
S

Arca measurement
Series
Series
1
49
36
39
80
17
48
34
49
16
16
38

15.7
30.6
22.9
13.2
17.9
26.2
20.8
29.9
20.0
22.5
22.0

A

(mg.)i
Series
3

51
87
68
196
36
72
79
47
26
92
75

62
218
135
63
103
123
141
65
81
125
112

All measurements were carried out after enlargement of the tracing 11.6 times.
* Scries 1 == Radiolucencies with readily defined border; Scries 2 = radiolucencies with
less-defined border; Series 3 = diffuse radiolucencies.
t i mg. s 15.63 mm.«

Table II. Specification of the differences between the measurements on the three
series of radiolucencies

The mean rank of series I t
The mean rank of series 2
The mean rank of series 3
The comparison of aeries :
Nos. 1 and 2
Nos. 1 and 3
Nos. 2 and 3
Nos. 1 and 2+3
Nos. 3 and 1+2

(R,)
(Rj)
(U3)

Largest
distance d

Largest
diameter I)

1.1
2.2
2.7

1.4
1.9
2.7

1.2
2.0
2.8

(*)
*

NS

NS

NS

NS

NS

*
*

(*)
*

#
*

»

Area
measurement

A

#

NS = Not significant at a = 0.10 (p > 0.10).
(*) — Significant at a — 0.10 (0.05 < ρ < 0.10).
* = Significant at a — 0.05 (p < 0.05).
tSeries 1 = radiolucencies with readily defined border; Series 2 = radiolucencies with
less-defined border ; Series 3 = diffuse radiolucencies.

deviation of measurements on twenty enlarged tracings of three interpretationtracings were determined (Table I I I ) . The relative measuring error varied
from 1 to 3 per cent for the largest distance, the largest diameter, and the area
and seemed independent with respect to the size of the area.
The results shown in Table I may not be used for comparison of the three
types of measurement because of their different dimensions. Therefore, the
difference between the measurements on the two tracings of each dentist were
related to the average size of those measurements as presented in Table IV. The
application of the method of m rankings, one ranking for each dentist (test of
Friedman 1 3 ) revealed a significant difference in relative reproducibility between
the three types of measurement on all three series of radiographs (p < 0.01).
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Table III. The measuring error of three types of measurement
First
d
(mm.)
28

interpretationtracing
D
A
(mm.)
(mg.)
92
151

Second
d
(mm.)
33

interpretationtrading
D
A
(mm.)
(mg.)
118
232

Third
d
(mm.)
76

interpretationtracing
D
A
(mm.) (mg.)
97
254

Mean·
Standard
deviation
0.9
0.7
3.1
0.5
1.5
3.6
1.4
0.7
2.7
Variation
3%
1%
2%
coefficient
Wo
1%
1%%
1 % % 1 % % 2%
'Note that all measurements were carried out after the tracing was enlarged 11.6 times.

Table IV. The standard deviation of the relative differences in two
interpretations of the size of periapical radiolucencies on forty-five radiographs
by ten experienced dentists (in per cent)
Series e
Series S
Series 1 *
A
d
d
D
A
A
d
D
20
25
17
23
15
15
15
14
13
14
18
13
22
32
22
44
13
11
32
14
7
20
33
17
42
26
11
31
34
20
41
20
10
23
17
19
12
10
19
14
6
18
29
17
44
9
15
15
26
24
20
40
25
β
15
6
18
17
14
32
25
20
41
7
23
22
15
9
11
30
22
26
13
8
16
9
10
15
18
10
12
14
29
21
29
9
14
25
20
35
38
23
52
10
19
21
24
28
11
19
19
37
13
Mean
17
d = The largest distance; D = the largest diameter; A = the area measurement.
'Series 1 = radiolucencies with readily defined border; Series 2 = radiolucencies with
lese-defined border; Series 3 = diffuse radiolucencies.
.Dentist
No.
1
2
3
4
5

1 »

Table V. Specification of the differences between the three types of measurement
Series 1*
Series S
Series t
The mean rank of dt
2.1
2.1
2.0
The mean rank of D
1.1
1.1
1.1
The mean rank of A
2.8
2.9
2.8
Comparison of d and D
NS
(*)
(*)
Comparison of d and A
NS
NS
NS
Comparison of D and A
*
•
•
•Series 1 = radiolucencies with readily defined border; Series 2 = radiolucencies with
less-deflned border; Series 3 = diffuse radiolucencies.
td = The largest distance ; D = the largest diameter ; A = the area measurement.

Further specification of these differences by means of the lemma 2 (algebraic)
equality13 is presented in Table V. The mean ranks demonstrate that differences
between the first and second tracings of a radiolucency by each dentist are more
obvious after measurement of the area than by the method of measurement of the
largest distance (d) or the largest diameter (D), respectively, although the
comparison of these types of measurement did not show significant differ
ences only.
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DISCUSSION

For the assessment of the size of periapical radiolucencies, several types of
measurement have been used, as reported in the literature. They are almost all
based on some kind of length measurement (for instance, the diameter or a
certain distance between the root surface and the outline of the radiolucency).
Because the form of radiolucencies is whimsical in most cases, these measurements have certain limitations. It is striking that ai^a measurements have not
been analyzed for this purpose until now. Therefore, area measurements were
also included in the present study. This revealed that differences between the
first and second interpretations are presented more obviously by measurement
of the area than by measurement of the largest distance (d) or the largest
diameter (D), respectively.
To minimize the error of measurement, the interpretation-tracings were
enlarged 11.& times. Because all three types of measurement were carried out
on the same tracings, the influence of the variability in interpretation of the
radiographs was eliminated (Fig. 1). The relative error of measurement (approximately 2 per cent) was considered to be very small compared to the relative
error of interpretation (21 per cent for the area measurements of readily
defined radiolucencies and 37 per cent for the area measurements of diffuse
radiolucencies). It was assumed, therefore, that the variations in measurements
resulted from variations in interpretation of the radiographs.
Only Wijk 10 has determined the areas of radiolucencies by means of area
measurements. lie used a planimeter, but he did not determine the error of
measurement. In a preliminary study the measurement errors of the three types
of measurement used in this study were compared. It was found that the use
of a planimeter resulted in a relatively large measuring error, compared to the
length measurements Therefore, the procedure of cutting the enlarged tracing
of the area and weighing this on a precision balance was chosen. This technique
proved to be very useful (Table I I I ) .
The variability of the interpretation of periapical radiolucencies was studied
by conparison of the first and second tracings of each radiograph and each
dentisi. When the dentists were compared, the average relative error of interpretation as represented by measurement of the area varied from 14 to 32 per
cent for readily defined radiolucencies and from 23 to 52 per cent for diffuse radiolucencies (Table I V ) . It is interesting to note that the endodontists did not
have better results than the other dentists, although they generally are considered to have more experience in the interpretation of periapical radiolucencies.
The error of interpretation also affects the comparison of several radiographs
in a follow-up study of an endodontically treated tooth. The results of this
investigation indicate that such a comparison should be interpreted very carefully. For the assessment of the limitations of the comparison of several radiographs of the same tooth, further investigation seems indicated because then
other variables are involved also (for instance, the projection of the structures
on the film15 and the density of the films). Moreover, many radiolucencies
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which were readily defined at the moment of the endodontic treatment become
more diffuse on the radiograph while healing. Some radioluccncics become more
defined after a time lapse. To overcome these difficulties, an objective measurement of the radiograph (for instance, by means of a densitometer) seems indicated. In case of objective measurements, the sizes of periapical radioluccncics
should also be assessed by measurement of the area rather than by determining
only the diameter or a certain distance between the root surface and the outline
of the radiolucency, for area measurements seem to represent the size of a
whimsical area more reliable than length measurements.
SUMMARY
The différences between the first and second tracings of forty-five periapical
radiolucencies by ten experienced dentists were analyzed by measuring (1) the
largest distance between the contour of the root and the outline of the radiolucency, (2) the largest diameter of the radiolucency, and (3) the area of the
radiolucency. The average relative error of interpretation was 21 per cent for
the area measurements of the readily defined radiolucencies and 37 per cent for
the area measurements of the diffuse radiolucencies. When the dentists were
compared, the relative error of interpretation as represented by measurement
of the area varied from 14 to 32 per cent for the readily defined radiolucencies
and from 23 to 52 per cent for the diffuse radiolucencies. The differences between
the first and the second interpretations of each dentist were more obvious in
the area measurements than in the measurements of the largest distance between
the root surface and the outline of the radiolucency or the largest diameter,
respectively.
We are indebted to С M. Niemeyer, who did the measurements.
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STATISTICAL APPENDIX
(by Th. de Boo and W.H. Doesburg)

In each series of 15 radiographs the radiolucency of each radiograph
was interpreted and next traced (see Fig. 1) by 10 dentists. On these inter
pretation-tracings d, D and A were measured. This procedure was per
formed in duplicate. Let the duplicates with respect to the quantity X (X =
d, D or A) be denoted by: (xjj; XJ2), i = 1, ...,N (N = the number of
available duplicates; mostly N = 15).
If Vj = xji — Xi2> then Evj = 0 under the assumption that there are no
systematic differences between the duplicates (which seems to be true in
view of the design of this experiment). Now, let the variance of VJ be
denoted by of, then σ^ is a measure for the reproducibility of interpreta
tion i with respect to the quantity X. It will not be assumed that σ? = σ 2 , i
= 1,...,N, because there is neither necessity nor reason to do so. Further
more it will be clear that interpretation k, for which σ£ = min σ 2 , is said to
1
be the best reproducible interpretation.
As measure for the accuracy (of measurements) of a given dentist with
respect to one series of N randomly chosen radiographs, quantity X and a
given type of radiolucency, the following is chosen:
N
Σ,where Σ 2 = Σ of /N. The three types of radiolucency are then said to
i=l *
be equally accurately interpretable if the distribution of Σ, combined over
the 10 dentists, is the same for each of the types. Otherwise it will be said
that the type of radiolucency for which Σ in general gives the smallest
values, is the one which is the most accurately interpreted. Now, for each of
the given quantities d, D and A we can test the hypothesis that each of Σ(ά),
Σ(Ο) and Σ(Α) apart has the same distribution for each of the types of
radiolucency.
It is, however, impossible to test with the Σ'ζ that the reproducibility
of d, D and A is the same (separately for each of the three types of
radiolucencies). If we want to test this, we need a relative measure of
accuracy, which will be introduced now. Suppose that Е(ХІ ι ) = Е(ХІ2) = ß[,
i = 1,...,N. Then a relative measure for the reproducibility of radiograph i
with respect to the quantity X is Oj / μ^.
As relative measure for the accuracy of the interpretation of a dentist
we use: ι Ν a:
-L Σ _L
N i = l Mi
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Further, for a given type of radiolucency, the quantities d, D and A are said
to be equally accurately measurable if for N randomly chosen radiographs the
distribution of
1 N
-Ц Σ a: J μ: (over the 10 dentists)
N i=l ' *
is the same for each of them. Again, otherwise it will be said that the
quantity for which
1

N

-L Σ σ: Ι μ:, combined over the 10 dentists,
N i=l - 1
in general takes the smallest values, is the one which is the most accurately
measured.
We will now proceed to our method of testing. As estimators for σ | ,
£¡ and ¿ij we took: v^ , |VJ| and i¿(Xjj + x.i2) respectively. Thus, Σ is
estimated by
~
[ΣνΜ*
j N
ft..
j N
Ivjl
Σ = \-7г\
and - .Σ —
by — .Σ
Ν /
Ν i=l ^
Ν i=l Й ( х п + Xi2)
For a given quantity X (= d, D or A) the following hypothesis is tested,
HQJ : The distribution of Σ (over the 10 dentists) is the same for each of the
three types of radiolucency. For a given type of radiolucency the following
hypothesis is tested, H j ^ : The distribution of
1 N
-L .Σ σ:
/ μ·, (over the 10 dentists)
N i=l_1 _1
is the same for each of the three quantities, d, D and A. To test these
hypotheses the method of m rankings (Friedman's test 1 ) has been used.
The test statistic is:
12 m - τΣ /Ъ
ñvi
(R:- R
)2,
k(k+ l ) i = l
'
' '
where:
m = the number of rankings; m = 10 (HQJ, HQ2)
к = the number of objects to be ranked; к = 3 (HQJ , HQ2)
Ri= the mean rank of object i (= type of radiograph,

HQI)).

(= measure d, D or A, HQ2) )
and R =

*

Ι = 2(Η01,Η02)
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Now, under HQ (HQJ or HQ2):
12 m

Ρ

-Idi-R)* <x£

k(k + 1) i=l

>\-cc

(1)

where x^?j is the upper α-percentile of the X£_i-distribution(tabulated in
Owen 2 ) (the X^i-distribution is approximately χ 2 with (k-1) d.f.).
Thus as long as the expression within brackets holds true, HQ is not re
jected. However, if HQ is rejected, we want to specify a little more, what
caused the rejection. We will do so by considering contrasts between the
Rj's, i.e. functions of the form

к

_

к

Σ Ι α.·
R:
| , where
Σ α.· = 0.
1
1
i=l
'
i=l '
The contrast-analysis is based on the following lemma1 :

к

к

4
For с > 0, Ι Σ α:1 у.·ι | < с( .Σ, α?)*
for all (<*,..., a k )
ι=1
ι=1 1

к

if and only if
к
jljiBi-R)2

Σ у? < с 2 . Now, (1) yields:
1=1 *
Xk" k(k+ 1)
<
—
(under HQ)

with probability > ( ! - a). Define yj : = Rj - R and c 2 : = x^™

(2)
k ( k + 1)
12m

then according to (2) we have:

к

Σ у? < с 2 and so, according to the lemma:
i=k '

к
Ι Σ α:
ι=1 ι

к

й

| < с( Σ а ? ) й for all («¡,..., a k ) .
ι
ι=1 *
'

These (infinite number of) inequalities hold simultaneously under HQ with
probability > ( 1 - a).
If, for instance, we want to compare ( H Q 2 ) , d and A, we take a-. = 1,
=
«2 0, «з = -1 and there is an indication for a difference between the two
measures if:
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R,l >

,c 2 α

k-l

k(k*

1)

й

6m

In the same way we can examine other contrasts. If we want to compare
dentists with each other, we only have to interchange rows and columns (m
= 3;k=10).
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CHAPTER 6
DENSITOMETRIC ANALYSIS OF EXPERIMENTALLY
PRODUCED PERIAPICAL RADIOLUCENCIES

A.S.H. Duinkerke, A.C.M. Van de Poel, W.H. Doesburg, and
W.A.J.G. Lemmens, Nijmegen, The Netherlands

DEPARTMENTS OF ORAL ROENTGENOLOGY AND APPLIED STATISTICS,
UNIVERSITY OF NIJMEGEN
Artificial periapical lesions were created in a mounted dried human mandible. These
lesions were radiographed by means of a reproducible projection technique. The developing process was standardized. Densitometrie analysis of radiographs could reproducibly distinguish areas where bone had been removed. This was not true for visual
interpretation of the same radiographs by ten experienced dentists.

Changes in the bony structure around the apex of a tooth may be
studied by means of periapical radiographs. It should be taken into account
that (1) radiographs are a two-dimensional projection of three-dimensional
structures, (2) exposure and development of films influence their density
and image contrast, (3) radiographs are interpreted visually in most cases.
The projection of an object on the film determines the size and form
of its image. By changing the projection the image changes. This change in
form or size might give the impression that the structures which were
radiographed have changed. 1,2 This error may be reduced by standardizing
the projection technique in periapical radiography.
When several radiographs of a specific tooth are to be compared it is
also necessary to standardize the exposure time and the developing process.3 Differences in the exposure or development of a film cause differences in the density and image contrast of the radiograph. These differences
might give the impression that the object has become more or less radio40

lucent. These problems may be reduced by using an aluminium step-wedge
(penetrometer) as a gauge. When using this method the penetrometer is
radiographed on the same film as the structures to be studied. 4 · 5 The
density of the object image is then compared with the density of the
penetrometer image and is expressed in mm. aluminium equivalent.
When the projection, exposure and developing process are standardized, differences in the measurements of periapical structures may be
caused by the visual interpretation of the radiographs. In interpreting radiographs, some examiners see radiolucencies where others see no abnormality
on the same film.6 The accuracy of the visual interpretation can be improved by good viewing conditions (variable-intensity illuminators, proper
masks for small films and the use of magnifying lenses when necessary),
good scanning procedures and a quiet surrounding with no interruptions. 7
However, the errors produced by visual interpretation even then cause an
observer error of considerable magnitude. This is especially true for diffuse
radiolucencies.8 With the aid of a densitometer the radiographic image can
be evaluated more objectively. This is important for comparing periodically
"identical" projections which are used for endodontic follow-up studies
since many healing periapical lesions are radiographically diffuse.
The purpose of this investigation was the evaluation of a densitometric
method for comparison of periapical radiographs in combination with the
application of a technique for standardized projections. It was studied
whether areas in the mandible where bone was experimentally removed
could be reproducibly distinguished on the radiograph from areas where the
mandible was not changed. The visualization of differences between radiographs by means of graphs and isodensitometric images will be discussed.
Interpretation of radiographs with the help of densitometric analysis is
compared with the visual interpretation of the same radiographs by ten
experienced dentists.

MATERIAL AND METHODS

Standardizing technique
Because the physiological processes (e.g. resorption and apposition) in
bone were to be excluded, a dried human mandible was used. The mandible
was mounted to a platform by means of parallel pins (Fig. 1A) and then
sectioned in a bucco-lingual direction between the mandibular second premolar and first molar and between the mandibular first and second molar.
The arrangement allowed the removal and precise replacement of each of
the three sections. The section with the mandibular first molar was the area
of investigation. In the upper (cervical) part of the bone of this section no
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Fig. IA, Mounted dried human mandible with parallel aluminium pins attached to it with
self-curing acrylic resin (1). These pins are embedded in a large platform (2) of plastic material. This
arrangement allows the removal and precise replacement of each of the three sections. Each section
(3) contains at least two pins. The extraoral part of the paralleling instrument consists of a modified
Rinn indicator rod (4), designed to be inserted in the receptacle holes of the bite-block (5), and a
Rinn locator ring (6) to establish the proper alignment of the extension tube with the film. The
intraoral part consists of a plastic bite-block with disposible plastic bars (7) for attaching the rubber
splints (8). In the centre of the bite-block an aluminium step-wedge is located (9). B, Mesial view of
the molar section and the intraoral part of the paralleling instrument. Note the indicator rod (1)
which is inserted into the bite-block (2), the rubber splint (3), the lingual part of the bite-block (4),
the film (5) and the artificial lesion (6). The aluminium step-wedge in the bite-block can not be seen
in this view.

changes were made. The differences between the densitometric measurements on the image of this part of the mandible on the radiographs were
considered to be caused by the error of measurement. In the apical part of
the molar section of the mandible, bone was removed in six stages which
made the artificial lesions. The densitometric measurements of the radiographic image of this part of the mandible were used for determining if the
differences in density between the radiographs were larger than the error of
measurement.
Radiographic technique
The construction of the paralleling instrument is outlined in Fig. 1.
The aluminium step-wedge (penetrometer) which is present in the biteblock, ranges in thickness from 1 to 9 mm. The penetrometer is projected
on the same film as the part of the mandible being examined. This arrangement facilitates comparison of the density of the bone image with that of
the penetrometer, thus allowing for the expression of bone density in mm.
aluminium equivalents. A highly sensitive film commonly used in dental
practice was chosen: Kodak Morlite Ultra Speed DF 57. Although its geometric resolving capacity is less than that of fine-grained films, the size of
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Fig. 2. Mesial view of the molai section with the artificial lesions at stage A to G and a
schematic drawing of the changes in size of the mesial lesions between the seven stages. Between
stage A and В a small lesion was made in the rather compact cancellous bone of the periapical area.
Between stage В and С the lesion was enlarged downward from the apex. Between stage С and D the
lesion was enlarged in the buccal and lingual direction as well as in the mesial and distal direction,
but without touching the junction between the cancellous bone and the cortex. This resulted in a
connection between the mesial and distal lesions, making it one big lesion in the periapical area of
the first molar. Between stage D and E the mesial part of the lesion was enlarged in the lingual
direction until the cortex was reached. Between stage E and F this was repeated including half of the
cortex. Between stage F and G the lesion was enlarged to include three-fourths of the cortex.
Between the roots of the tooth the lesion was also enlarged.

the field of measurement (0.25 mm. in diameter) was such that grain size
9
was not considered to be of any importance. Each film was exposed for 1
second at 65 KVP and 15 mA with a General Electric 100 X-ray apparatus.
The films were developed at 20 o C ± 0.5 o C for 4 minutes in Kodak DX-80
developer, rinsed for 20 seconds, fixed for 10 minutes at 20 o C in Kodak
FX-40 X-ray liquid fixer, washed for 30 minutes in running water and then
dried. New developer and fixer solutions were used to assure proper proces
sing.
Artificial lesions
The paralleling instrument was fitted to the mandible (Fig. IB) by
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Fig. 3. Distal view of the molar section with the artificial lesions at stage A to G and a
schematic drawing of the changes in size of the distal lesions between these seven stages. At the
distal side of the molar section, the lesion was enlarged analogous to the lesion on the mesial side.
Note that the cancellous bone which was removed on the distal side between the stages A and D was
less compact compared to the mesial side (Fig. 2).

means of a rubber impression material (Speed-tray, Сое Laboratories,
U.S.A.). All impression material around the bone and the cervical part of
the crown of the right first mandibular molar was removed. The initial
radiograph was taken (stage A). Next the molar section was taken out of
the platform and a small lesion was made in the cancellous bone of the
periapical area on the mesial and distal sides (stage B). A second radiograph
was taken after repositioning of the molar section into the platform. This
procedure was repeated for the stages С to G as shown in Fig. 2 and Fig. 3.
A total of 7 radiographs were taken (Fig. 4).
Densitometrie analysis
The densitometer (Fig. 5) consists of a quartz iodide lamp (6V, 20W),
a heat filter, a unit with a 50 mm. exchangeable condenser from a slide
projector (Leitz Pradovit Color), a 50 mm. objective lens and an object
table with a micrometer screw (Märzhauser K.T.O.). The radiograph is
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Fig. 4. The radiographs made at stage A to G and a schematic drawing of the outline of the
artificial periapical radiolucencies at stage A to D. After stage D the lesions became more radiolucent, but they did not change in size. The big radiolucent lines mesially and distally from the roots
result from the cut lines in the mandible in a bucco-lingual direction, (see Fig. 1). m = mesial side;
d = distal side.

Fig. 5. The densitometer, which consists of a 6V and 20W quartz iodide lamp (1); a heat filter;
a unit with a 50 mm. exchangeable condenser (2); an object table (in which the radiograph is placed)
(4) with a micrometer screw (3); a 50 mm. objective lens (5) and a highly sensitive photometer (not
visible in this view) below the bottom of the apparatus and covered by a removable diaphragm (6).
The film is scanned by advancing the micrometer screw and taking a densitometer reading every
0.25 mm.
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Fig. 6. The relation between the densitometer readings (DR) and the height of the penetrometer (h) according to equation I (a), equation II (b) and equatiop III (c).

positioned in the object table and is enlarged 5x and projected onto the
bottom of the apparatus. A removable round diaphragm with a diameter of
approximately 2 mm. is present below the object table. In the bottom of
the apparatus a highly sensitive photometer is positioned, which is connected to an integrating digital voltmeter and a paper tape punch (Teletype).
The area of the photometer being illuminated is 1.25 mm. in diameter.
Because of the 5x enlargement, the area of the film being "seen" by the
densitometer is 0.25 mm. in diameter.
For each thickness of the penetrometer an average of five densitometric measurements was determined. These measurements were carried
out on one horizontal line in the middle of the penetrometer image. The
averages of the five measurements on each step of the penetrometer ranging
from 3 to 8 mm. height are presented in Fig. 6A for the radiographs A and
D. These graphs are analogous to those of the other five radiographs. The
graphs show the relation between the logarithm of the densitometer
readings (DR) and the height of the penetrometer (h) at that particular
place. The graphs in Fig. 6A are convex (the straight dotted lines have been
drawn to accentuate this convex form). According to the Lambert law10
the relation between InDR and h was expected to be linear, so:
InDR = a + b.h

(equation I)

Because of the convexity mentioned, two other equations were tried:
InDR = a + b. Vh
(InDR)2 = a + b.h
46

(equation II)
(equation III)

Table I. The regression coefficients a and b for each radiograph (equation
III), the correlation coefficient r between the fitted density and the actual
measured density and the maximal discrepancy Δ between the height h of
the penetrometer as calculated by means of equation III and the true height
of the penetrometer
Radiograph

a

b

г

Δ

A

-4.763

2.3157

.9997

0.06

В

-5.277

2.2835

.9999

0.03

С

-5.783

2.2807

.9997

0.05

D

-5.238

2.2197

.9998

0.05

E

-5.368

2.3157

.9995

0.08

F

-4.852

2.2868

.9999

0.03

G

-4.583

2.2522

.9996

0.10

The graphs based on these two equations are presented in Fig. 6B and 6C
respectively. Equation III shows the best fit to the measuring points and
will therefore be used as a convenient method for the transformation of the
densitometer readings into the corresponding height of the penetrometer in
mm. aluminium equivalents (3 mm. < h < 8 mm.). After this transforma
tion the resulting value will be called density (D), so:
D =

(InDR) 2 - -

mm. Al. eq.

where a and b will be calculated, according to the ordinary method of least
squares, for each radiograph from the measurements on the penetrometer
image. The results of the calculation for the seven radiographs used in the
study are presented in Table I. Other methods for numerical interpolation
could also have been used but probably they would have been more com
puter time consuming. The transformation, which was obtained on an
empirical base, made computer calculations easier, because a simple equa
tion could be used.
The densitometric measurements on the image of the mandible were
carried out on 46 vertical lines (perpendicular to the step-wedge) on each
radiograph (Fig. 7). These parallel lines were spaced at 0.25 mm. intervals.
On each line the density was measured at 60 points and the distance be
tween two successive points was 0.25 mm. Thus, on each radiograph 2760
densitometric measurements (46x60) were recorded. The measurements on
47
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36 32 23

Fig. 7. Schematic drawing of (he position of the vertical and horizontal lines of measurement
on the radiographs. The horizontal line no. 60 is the lower border of the radiograph.

Table II. The eight density levels and the signs which represent each density
level and which are printed over each other
Densitj'level
(in mm AL eq.)

Signs
1

2

3

Total

в

Η

0

-

1.50

A

Ν

1.50

-

3.00

0

Χ

Я

3.00

-

4.50

@

#

Ρ

4.50

-

6.00

#

#

6.00

-

7.50

*

*

7.50

-

9.00

9.00

- 10.50

•

•

10.50 and more

(Ыап

к)

all 7 radiographs were transformed as described above into mm. aluminium
equivalents and then presented in a graph for each of the 46 vertical lines.
It is possible to make horizontal lines (parallel to the step-wedge) with
for instance all points nos. 17 on the 46 vertical lines (Fig. 7). Each hori
zontal line has 46 points with a distance of 0.25 mm. to each other. The
distance between the horizontal lines is also 0.25 mm. For each of the 60
horizontal lines a graph was made which showed the densitometric measure
ments on all 7 radiographs.
For the purpose of making isodensitometric images the density scale
was divided into 8 density levels and each of them was represented by one,
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Fig. 8. The graphs of the measurements on the vertical lines nos. 12 (a), 32 (b), 23 (,c) and 36
(d). The lines nos. 12 and 32 belong to the "favourable" lines, which means that they had a
relatively small measuring error (see measuring points 1 to 30). The lines nos. 23 and 36 were
situated in areas with large density changes on the radiograph which causes a relatively large
measuring error (the differences between the graphs at the measuring points 1 to 30 are caused by
the measuring error).

two or three signs (A, X, %, etc.) as can be seen in Table II. All signs of a
certain density level were printed over each other. The signs were empiri
cally chosen as to reach a desired degree of blackness after superimposing
them on each other. This method makes radiolucent areas, which appear
black on the film, also relatively black on the print. All 46x60 density
readings on each radiograph were transformed into these density levels and
then printed with the conversion given in Table II.
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Visual interpretation
The seven radiographs were arranged at random and then interpreted
by ten experienced dentists. The interpretation of the outline of the
periapical radiolucencies was registered by tracing the contour of the roots
and the outline of the radiolucencies. The viewing conditions were not
standardized. Each dentist interpreted the radiographs on his own viewer,
with or without diminishing the light intensity in the room and with or
without screening the light around the radiographs. The dentists were told
that the big radiolucent lines mesially and distally from the roots were
artefacts. Their tracings were enlarged 11.6x and projected over each other
and then traced again.

RESULTS
The measurements on the 46 vertical lines (Fig. 7) resulted in 46
pictures with, in each of them, the graphs of the measurements of all seven
radiographs for the same vertical Une. Fig. 8A represents the vertical line
no. 12, which is situated in the bone just distal from the mesial root. Fig.
8B represents the vertical line no. 32, which is situated just distal from the
root canal in the distal root. The vertical Une no. 23 (Fig. 8C) is situated in
the periodontal Une (of the upper part of the root) and partly in the lamina
dura (of the apical part of the root) on the mesial side of the distal root.
The vertical Une no. 36 (Fig. 8D) has the same position on the distal side of
the distal root. These four graphs are representative of two types of graphs:
(1) with almost coincident graphs for all seven radiographs between the
measuring points nos. 1 and 30 (Fig. 8A and 8B) and (2) with different
graphs for the seven radiographs between the measuring points nos. 1 and
30 (Fig. 8C and 8D).
With the 60 measurements on the 46 vertical lines it is also possible to
construct 60 horizontal lines with 46 measurements on each of them (Fig.
7). This results in 60 pictures with, in each of them, the graphs of the
measurements of all seven radiographs for the same horizontal line. In Fig.
9A the measurements on the horizontal line no. 17 are presented. This line
is situated at the top of the interdental septum (the crest). In the graphs of
Fig. 9A certain anatomic locations may be recognized: measuring point no.
10 in the distal periodontal membrane of the mesial root; measuring point
no. 22 in the mesial periodontal membrane of the distal root; measuring
point no. 29 in the pulp of the distal root and measuring point no. 36 in the
distal periodontal membrane of the distal root. The horizontal line no. 29 is
situated in the apical region just above the part of the mandible where bone
was removed (Fig. 9B). The horizontal line no. 42 (Fig. 9C) is situated in
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Fig. 9. The grapns of the measurements on the horizontal lines nos. 17 (a), 29 (b), 42 (c) and
58 (d). The horizontal lines nos. 17 and 29 were situated in the part of the mandible where no bone
was removed. The graphs on the horizontal line no. 42 show "identical" density measurements
between the measuring points nos. 18 and 27 for the graphs of radiographs (stages) А, В and С and for
those of radiographs D, E and F. This is in accordance with the way the artificial lesions were
enlarged. The graphs of horizontal line no. 58 confirm that the lower part of the mesial artificial
lesion was only enlarged between stage В and С (see measuring points 1 to 5).

the part of the mandible where bone was removed. The horizontal line no.
58 (Fig. 9D) is situated near the lower border of the film.
The error of measurement was calculated for one measuring point, one
vertical line and the whole radiograph. For this calculation 35 vertical lines
were used: lines nos. 2-7, nos. 11-22, nos. 26-33 and nos. 37-45. On these
lines the measuring points 5-25 were used, because they corresponded with
the part of the mandible which remained unchanged. With this choice un-
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Fig I0A Isodensitometnc image of the radiograph made at stage F (see Fig 4) It consists of
the 46 vertical lines with the 60 measurements on each line The printed signs were empirically
chosen as to reach, when superimposed on each other, a desired degree of blackness. В Schematic
drawing, showing the border of areas with the same density level, as defined m Table II

controlled experimental circumstances (for instance the precise localization
of the border of the artificial lesions) were eliminated. The average density
on these 35 vertical lines, with 21 measunng points being used on each line,
varied from 3 to 8 mm. Al. equivalent. The standard deviation of these
average densities for each line (over the seven radiographs) was not signifi
cantly correlated with the average density for each line (over the 21 mea
suring points) (r = -0.26; ρ > 0.10; test of ρ = О).1 * The standard devia
tions over the 35 lines did not differ significantly (s2 m a x / s 2 j ^ = 11.1, ρ
> 0.10; Hartley-Test).11 From these results it may be concluded that the
variation in density for each of the measuring points 5-25 on each of the 35
vertical lines was constant over the seven radiographs, irrespective of the
density of that particular measuring point. Therefore all 735 standard devia
tions (21x35) over the seven radiographs were pooled. The result of this
calculation was a standard deviation of 0.3 mm. Al. equivalent. When the
densitometric measurements on a measuring point on two radiographs are
compared, a significant difference (confidence level 0.95) is found when
this difference is larger than 0.8 mm. Al. equivalent (1.96 χ s/l χ 0 3 =
0.8). If a line with 60 measuring points is compared on two radiographs, a
significant difference in average density is found when this difference is
larger than 0.1 mm. Al. equivalent (1.96 χ у/2 χ 0 З/ бО = 0.1). If two
radiographs with 46 lines and 60 measuring points on each line are com
pared, a significant difference is found if the corresponding sums of the
average densities over the 46 lines on these two radiographs differ more
than 0.7 mm. Al. equivalent (1.96 χ У/2 χ \/46 χ 0 З/ бО = 0.7).
All 60 density measurements on each of the 46 vertical lines were
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Fig. II. The interpretations of the seven radiographs by ten dentists. The dotted line has been
obtained with the help of the densitometer and the line shows the actual outline of the periapical
radiolucencies. The figures next to the roots show which number of the ten dentists did not see a
periapical ladiolucency around the apex of that root The distal roots are shown left to the mesial
roots.

transformed in density levels and then they were printed according to the
method defined in Table. II. This resulted in an isodensitometric image for
each of the radiographs. In Fig. 10A the isodensitometric image of the
radiograph made at stage F is shown. From this image a schematic drawing
was made showing the border of areas with the same density (Fig. 10B).
The visual interpretations of the radiographs are presented in Fig. 11.
Note that on radiograph A, which was made before any bone was removed,
four dentists saw a radiolucency around the apex of the mesial root (Fig,
11 A). In radiograph В five dentists did not see the distal periapical radio
lucency and two dentists did not see the mesial periapical radiolucency
(Fig. 11B). The interpretations of the mesial periapical radiolucency on
radiograph С differ very much (Fig. 11С). Note that in creating stage С only
cancellous bone was removed to enlarge the mesial periapical lesion
downward. In radiograph D four dentists did not see the distal periapical
radiolucency and one dentist did not see the mesial periapical radiolucency
either (Fig. 11D). Note that this radiograph was made after enlarging the
periapical lesions which were seen on radiograph С by all ten dentists. In
radiograph E only one dentist saw that the mesial and distal periapical
radiolucencies were not separated (Fig. 1 IE). In this radiograph one dentist
did not see the distal periapical radiolucency although he did see the distal
periapical radiolucency on radiograph C. In the radiographs F and G the
dentists saw smaller mesial periapical radiolucencies after further enlarge
ment of the mesial periapical lesion (Fig. 11F and Fig. 11G). It is remark
able that only in one situation one observer made an outline that included
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part of the removed bone between the two apices, demonstrating the
biassed approach in analyzing radiolucencies.

DISCUSSION
Standardizing technique
The error of measurement was calculated by measuring seven radiographs with a "non-changing object situation": the upper (cervical) part of
the bone of the mandible, where no bone was removed. The measurements
were analyzed on the same seven radiographs with a "changing object situation": the apical part of the bone around the mandibular first molar, where
the artificial lesions were created. All radiographs were made with the same
X-ray apparatus at the same KVP-setting. In this study all radiographs were
developed together at the same time. Therefore the spectrum of the X-ray
bundle was standardized and any differences in the densities of the radiographs could not be caused by differences in the developing process. The
part of the mandible where no bone was removed was not influenced by
bone apposition or resorption and the density of the radiograph was not
affected by the presence of soft tissue, because a mounted dry mandible
was used.
Paralleling instrument
The paralleling instrument used in this study was derived from Matsue
et a l . 1 2 , 1 3 and from Plotnick et al..5 They used an aluminium step-wedge
(penetrometer) for transformation of the density readings into mm. aluminium equivalents. Their purpose for using the penetrometer as a reference was the elimination of variations in the exposure and the developing
process. These authors also used the extension tube paralleling technique,
which gives the least possible projection deformation. 14 The individual
rubber splints were attached to the paralleling instrument to facilitate a
reproducible position of the film and the penetrometer in relation to the
teeth. This means that the relation between the images of the teeth and the
penetrometer is standardized. Therefore the position and the direction of
the vertical lines could be determined by means of the image of the penetrometer. The rubber splints were attached to the bite-block by means of
small metal pins on the top (see Fig. 1A) and bottom of the bite-block and
thin disposable plastic bars (Fig. 1A). Because of this construction the
rubber splints are easily exchangeable for each patient and each tooth.
According to Benkow 15 the rubber splints contained both the occlusal
pattern and the buccal and lingual parts of the jaw and the teeth. The
rubber material was not projected over the bone to be measured (Fig. 1A).
54

The height of the penetrometer was chosen to be 1-9 mm. aluminium
because (1) this material has almost the same absorption coefficient for
X-rays as calcium (or bone) and because (2) this height of the penetrometer
gives densities on radiographs which are comparable with those of dental
structures.
Densitometrie analysis
The majority of the graphs which show the results of the densitome *ric measurements on the vertical lines (some of these graphs are shown
in Fig. 8) demonstrate that the measurements on the measuring points 1-30
are almost identical on the seven radiographs (Fig. 8A and Fig. 8B). This
result was expected since these measuring points correspond with the part
of the mandible which remained unchanged. In all graphs of the measure
ments on the vertical lines distinct differences could be seen between the
measurements at point 30 to 60. These measuring points correspond with
the part of the mandible where bone was removed to create the artificial
lesions. However, on a few graphs differences could be found between the
measurements at point 1 to 30 (Fig. 8C and Fig. 8D). The vertical lines
which go with these graphs were situated in areas with large density changes
on the radiograph, such as the border between the root, the periodontal
membrane and the lamina dura. The same phenomenon was seen at the
border of the root canal, but this was less pronounced. These differences
between the measurements on the seven radiographs may be explained by
the variations in placing the radiograph in the densitometer. Small differ
ences in the position of the radiograph in the densitometer cause limited
differences in the position of the vertical lines on the radiograph. However,
in areas with large density changes over a small distance, these limited
differences in the position of the vertical lines cause large differences be
tween the measurements. In these areas the measuring error is relatively
large. The corresponding vertical lines may therefore be called "unfavour
able" for comparing radiographs, whereas the other lines may be called
"favourable". Since only "favourable" vertical lines should be used for
comparison of radiographs, the error of measurement was calculated with
"favourable" vertical lines only.
From Fig. 9C it may be concluded that only between the stages С and
D and between the stages F and G cancellous bone was removed between
the roots. Therefore the graphs in Fig. 9C show "identical" density
measurements between the measuring points 18 and 27 for the graphs of
radiograph (stage) А, В and С and for those of radiograph D, E and F. This
is in accordance with the way of enlarging the artificial lesions. The same is
true for the results which are shown in Fig. 9D. The horizontal line no. 58
is situated near the lower border of the radiographs. The graphs confirm
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that the lower part of the mesial artificial lesion is only enlarged between
stage В and С (Fig. 9D, measuring points nos. 1-5). Also in this case only
cancellous bone was removed (Fig. 2B and Fig. 2C).
The presentation of densitometric measurements on vertical lines on
radiographs by means of graphs has been used by Matsue et a l . 1 2 , 1 3 for
their studies of the interdental bone. From their graphs it can not be
concluded where significant differences exist between the measurements on
two radiographs of the same part of the mandible. In our investigation this
has been calculated for comparison of two radiographs by means of one
measuring point, one vertical line or the "whole" radiograph.
The presentation of densitometric measurements on radiographs by
means of isodensitometric images has been used by Isenberg et al. 1 6 for
their study of the interdental bone. Their images show a change in the color
of the computer print when changes in the density are measured. This
facilitates an easy detection of changes which have occurred between taking
the radiographs. However, these colored images as used by Isenberg et al. 1 6
need to be made with special equipment and they are more difficult to
print in journals than black and white images. Therefore the method of
printing isodensitometric images by means of a standard computer, as done
in this investigation, is more convenient.
Visual interpretation
The outlines of the periapical radiolucencies, as traced by the ten
dentists, differ considerably. The largest variation was found for those
radiolucencies that were created by removing only cancellous bone (Fig.
11 B-Ε). The intra-individual variation concerning the validity of the inter
pretation can be demonstrated by the fact that a periapical radiolucency
around the distal root was noticed by all ten dentists in stage С (Fig. 11C)
whereas only six of them noticed the radiolucency after it had been en
larged (Fig. 11D). After removing cortical bone all observers noticed the
periapical radiolucencies with only a limited variation in the determination
of the outlines (Fig. 1 I F and 1 IG). The outlines in Fig. 1 I F and 1 IG seem
to correspond with the demarcation lines of the periapical lesions with the
cortical bone. This might be the explanation why only one observer made
an outline that included part of the removed bone between the two apices,
because there was no cortical bone removed in the area between the apices.
Clinical significance
The results of many endodontic studies related to success and failure
rates of endodontic treatment have been based on visual interpretation of
the size of periapical radiolucencies. Because of the large variations in the
visual interpretation this method is very questionable, as may be seen in
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Fig. 11. This is especially true for diffuse radiolucencies8, associated with
healing periapical lesions after endodontic treatment. In this investigation
diffuse radiolucencies were created by removing only cancellous bone. The
evaluation of the radiographs by means of densitometric analysis proved to
be very useful, whereas the interpretations of the same radiographs by ten
dentists differed greatly.

CONCLUSION
It is difficult to detect minor changes in the size of periapical bony
lesions by means of visual interpretation of the corresponding radiographs.
By densitometric analysis of periapical radiographs changes in bony lesions
can be detected in a reproducible and clearly discriminating way.

SUMMARY
Artificial periapical lesions were created in a mounted dried human
mandible. These lesions were radiographed by means of a reproducible
projection technique. A penetrometer was projected on the same radiographs as the dental and bony structures. The developing process was
standardized. The radiographs were evaluated by means of densitometric
analysis. The densitometer readings of the dental and bony structures on
the radiographs were converted to a mm.-aluminium equivalents scale by
means of the densitometer readings of the penetrometer images on the same
radiographs. The measurements on the radiographs were presented in graphs
and isodensitometric images. Areas where bone was removed could be reproducibly distinguished by densitometric analysis from areas where no
bone was removed. For this purpose the densitometric analysis of periapical
radiographs proved to be very useful, whereas the interpretations of the
same radiographs by ten dentists differed greatly.
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CHAPTER 7
COMPENSATION OF DIFFERENCES IN DENSITY OF
RADIOGRAPHS BY DENSITOMETRY

A.S.H. Duinkerke, A.C.M, van de Poel, F.P.G.M. van der
Linden, W.H. Doesburg, and W.A.J.G. Lemmens, Nijmegen,
The Netherlands
DEPARTMENTS OF ORAL ROENTGENOLOGY, ORTHODONTICS AND
APPLIED STATISTICS, UNIVERSITY OF NIJMEGEN

Differences in density of intra-oral radiographs caused by variations in KVP, exposure
ùme, soft tissue thickness and developing time can be compensated for by transforming
densitometnc measurements mto mm. aluminium equivalents recorded on radiographs
by a penetrometer.

When visually interpreting radiographs, differences in density and
image contrast of the films may give the false impression of change, e.g.,
structures, that are darker on radiographs, tend to be interpreted visually as
being larger.1 These differences in density and image contrast may be
caused by deviations in the exposure and the developing process. Changes in
exposure factors, e.g., the kilovolt peak (KVP) and the exposure time,
influence the quality (penetrating power) and/or the quantity (intensity) of
the X-ray beam, and this in tum may cause alterations in the density and/or
image contrast of the radiographs. The latter phenomenon may also result
from differences in the developing process.
To compensate for variations in darkness of intra-oral radiographs
Plotnick et al.2 used an aluminium step-wedge (penetrometer) as a gauge.
The penetrometer is radiographed on the same film as the structures to be
studied. The density of the object is then compared with the density of the
penetrometer image and expressed in mm. aluminium equivalents. Plotnick
et al. have shown that reproducible densitometric results can be obtained
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Fig: 1. Schematic drawing of the position of the vertical lines of measurement of the densitometer on the radiographs.

with this method on radiographs exposed at 70 and 90 KVP.2 In this study
the effect of differences in the exposure and the developing process on the
density and image contrast is evaluated, using Plotnick's technique and a
phantom jaw. Further, other KVP ranges than the ones studied by Plotnick
et al. 2 are incorporated.

MATERIAL AND METHODS
Radiographs were made of the first right molar region of a dried
human mandible, using a standardized projection technique. The filmholder
contained an aluminium step-wedge (penetrometer) that was projected on
the radiographs together with the structures to be studied.3 The films were
exposed with a General Electric 100 X-ray apparatus. Five series of radiographs were made at different exposure and developing values and with a
varying thickness of the soft tissue substitutes (scries Nos. 1-5, see Table 1).
The sixth series was composed of four "standard" radiographs from the
series Nos. 1, 3, 4 and 5, which had been made all at 15 mA, 65 KVP, 1
sec, without soft tissue substitutes and developed for 4 minutes. The differ60

Table I. The exposure and developing values and variations in thickness of
soft tissue substitutes for the radiographs in six experimental series of films,
the correlation coefficients (r) between the fitted density and the actual
measured density and the maximal discrepancy (Δ) between the calculated
and the true height of the step-wedge.

mA

KVP

Exposure
time (sec.)

Soft tissue
thickness*

Senes No. 1
(varying KVP,
exposure time
Isec.)

15
15
15
15
15

55
60
65
70
75

1
1
1
1
1

0
0
0
0
0

4
4
4
4
4

0.9995
0.9999
0.9906

0.08
0.04
0.36

***
***

***
**»

Senes No. 2
(varying KVP,
exposure time
0 5sec.)

15
15
15
15
15

55
60
65
70
75

0.5
0.5
0.5
0.5
0.5

0
0
0
0
0

4
4
4
4
4

0 9908
0.9922
0.9962
0.9987
0.9990

0.33
0.32
0.21
0.13
0.11

Senes No. 3
(varying expo
sure time)

15
15
15
15
15
15
15

65
65
65
65
65
65
65

0.4
0.5
0.6
08
1.0
1.25
1.5

0
0
0
0
0
0
0

4
4
4
4
4
4
4

0 9983
0.9981
0.9992
0.9999
0.9987

0.16
0.15
0.10
0.04
0.14

Senes No. 4
(varying soft
tissue thick
ness substitute s)

15
15
15
15
15
15

65
65
65
65
65
65

1
1
1
1
1
1

0
4
8
12
16
20

4
4
4
4
4
4

0.9991
0.9999
0.9989
0.9990
0.9976
0.9980

0.11
0.04
0.12
0.12
0.18
0.16

Senes No. 5
(varying deve
loping time)

15
15
15
15
15

65
65
65
65
65

1
1
1

0
0
0
0
0

2.5
3
3.5
4
4.5

0.9992
0.9997
0.9999
0.9996
0.9991

0.11
0.06
0.05
0.07
0.12

1
1

Developing
urne (min.)

г

·**
··*

Δ (mm.)

***
***
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Table I -

Series No. 6**

Cont'd
mA

KVP

15
15
15
15

65
65
65
65

Exposure
time (sec.)
1
1
1
1

Soft tissue
thickness*
0
0
0
0

Developing
time (min.)
4
4
4
4

г
0.990Í
0.998·)
0.9991
0.9996

Δ (mm.)
0.36
0.14
0.11
0.07

*

Number of sheets of modelling wax used to simulate variations in soft tissue thickness.

**

Series 6 is composed of the radiographs from series Nos. 1, 3, 4 and 5, made at 15mA,
65KVP, 1 sec, without soft tissues and developed for 4 minutes.

***

In these cases of very dark radiographs the density readings at the lower penetrometer heights
are smaller than 1. The proposed equation then cannot be applied because InDR is highly
2
negative and therefore (InDR) is very highly positive.

enees in the thickness of the soft tissue (series No. 4) were simulated by
using differing numbers of sheets of soft modelling wax. The radiographs
were developed at 20 o C in Kodak DX-80 developer and fixed for 10
minutes in Kodak FX-40 X-ray liquid fixer. All radiographs were processed
on the same day in fresh developer and fixer solutions.
The radiographs were analyzed by means of a densitometer. 4 For each
step of the step-wedge an average of 10 densitometric measurements was
determined, on a horizontal line in the middle of the penetrometer image.
On each radiograph the densitometric measurements on the image of the
molar region were carried out on 18 vertical lines (perpendicular to the
penetrometer) (Fig. 1). The parallel lines were 0.25 mm. apart and on each
line the density was measured at 55 measuring points with a 0.25 mm.
distance between consecutive points. A total of 990 densitometric measure
ments (18 χ 55) was recorded on each radiograph. The measurements were
transformed into mm. aluminium equivalents by comparing them with the
measurements on the image of the step-wedge. For each radiograph the
average values for the steps 3 to 8 of the penetrometer were treated with
the following equation:

ρ = (

lnDR

2

> -

a
m m

. Al. eg.

(3 < D < 8)

where D is the density in mm. aluminium equivalents and DR is the densito-
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Table II. Pooled standard deviations over the 430 points for each
of the series Nos. 1-6.
Series
number

Varying factor

Number of
radiographs

Pooled
s.d. (mm. Al.)

KVP (exposure time 1.0 sec.)

3

0.43

KVP (exposure time 0.5 sec.)

5

0.26

Exposure time

5

0.35

Soft tissue thickness

6

0.32

Developing time

5

0.54

None ("standard" radiographs)

4

0.31

metric reading on the densitometer, and where a and b will be calculated
according to the ordinary method of least squares.4 The points 1-55 on the
vertical lines 1, 6, 7 and 8 and the points 21-55 on the vertical lines 13-18
(a total of 430 measuring points) were used to compare the images on the
different radiographs. The selection of points was based on the previous
finding that the variation in density of these points is rather constant and
little influenced by the level of density.4 The variation in the D-values of
each point (due to the specific varying factor and the measuring error) was
calculated. The standard deviations for each series were pooled to arrive at a
convenient quantity for comparing the variations due to different factors
(Table 2).

RESULTS
The graphs in figure 2 show the relationships between the squares of
the logarithm of the averaged densitometer reading (DR) and the corresponding heights of the steps of the penetrometer. The equation on which
the graphs are based (see above) gives a good fit to the measuring points and
can (in those cases where 3 < D < 8) very well be used for the transformation of the densitometer readings into the corresponding mm. aluminium
equivalents. The relationship between the fitted and actual measured
density was quantified by calculating the correlation coefficients between
the actual values as recorded for each of the six steps of the penetrometer
and the fitted values for these as derived from the formula presented above.
The correlation coefficients are very close to +1 (Table 1), demonstrating
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Mg. Ζ The relation between the square of the logarithm of the densitometer readings (DR) and
the height of the penetrometer (h) for (a) series No. 1 with varying KVP at exposure time of 1 sec,
(b) series No. 2 with also varying KVP at exposure time of 0.5 sec., (c) series No. 3 with varying
exposure time, (d) series No. 4 with varying number of sheets of modelling wax substituting varying
thickness of soft tissues, (e) series No. S with varying developing time and ( 0 series No. 6 which was
composed of four "standard" radiographs from the series Nos. 1, 3, 4 and S which had been made at
15mA, 65 KVP, 1 sec, without modelling wax and developed for 4 minutes. The radiograph from
series No. 1 is marked KVP, from series No. 3 (with varying exposure time) is marked E.T., from
series No. 4 (thickness of soft tissue) is marked S.T. and from series No. 5(varying developing time)
is marked DEV.

the extent of linear relationship between the measured and estimated densi
ty. The maximal discrepancies between the calculated and true height of
the six steps of the penetrometer are very small (Table 1), confirming also
the validity of the equation used. A limitation of the procedure is that the
formula could not be applied to the two darkest radiographs in series Nos. 1
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and 3, because the density readings at the smallest step of the penetrometer
are too low (less than 1 ). Thus the equation is not reliable then.

DISCUSSION
The four "standard" radiographs in series No. 6 (Fig. 2f) do not have
the same density, in spite of the fact they were made with the same exposure and developing factors (15 mA, 65 KVP, 1.0 sec, no sheets of modelling wax and developed for 4 minutes). The observed difference in density
may be explained by the variation in the manual adjusting mechanism for
the KVP value (which is not precise), resulting in small but visible differences in the density of the radiographs. This adjusting mechanism has been
built into the X-ray apparatus (G.E. i 00) in order to compensate for differences in voltage of the electricity source. In Figure 2f the graphs from two
"standard" radiographs (varying soft tissue and developing time) do not
differ significantly because the KVP adjusting mechanism of the X-ray
apparatus was not changed.
From Table 2 it can be concluded that structures on radiographs with
a density between 3 and 8 mm. aluminium equivalents can be reliably
densitometrically compared independent of large variations in KVP, exposure time, thickness of soft tissue substitutes and developing time.
Clinical Significance
The evaluation of the results of endodontic therapy is complicated by
the fact that it is difficult, if not impossible, to standardize the exposure
and development process of the radiographs in such a way that they have
equal density, contrast and definition (some of the criteria described by
Quintana and Velazquez5 ). By including an aluminium penetrometer in the
standardized technique and analyzing the radiographs by means of a densitometer, the density of the structures studied can be transformed into mm.
aluminium equivalents. The effects of variations in exposure and developing
factors are then eliminated.

SUMMARY
Radiographs were made of a dried human mandible, using variations in
KVP, exposure time, soft tissue thickness substitutes and developing time.
The densitometric measurements of the image of dental and bony structures were transformed into mm. aluminium equivalents by means of densitometric measurements on the penetrometer. Variations in KVP, exposure
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time, soft tissue thickness substitutes and developing time do not affect the
densitometric measurements after transformation, except when radiographs
are very dark.
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CHAPTER 8
QUAMIFICATION OF CLINICAL CHANGES IN PERIAPICAL
RADIOLUCENCIES BY MEANS OF DENSITOMETRY

A.S.H. Duinkerke, A.C.M. van de Poel, F.P.G.M. van der
Linden, W.H. Doesburg, and W.A.J.G. Lemmens, Nijmegen,
The Netherlands
DEPARTMENTS OF ORAL ROENTGENOLOGY, ORTHODONTICS AND
APPLIED STATISTICS, UNIVERSITY OF NIJMEGEN

Methods developed and evaluated on a phantom jaw to quantify the changes of dental
and bory structures on radiographs by means of densitometric analysis of these radiographs have been tested on a living individual. It could be shown that the method can be
successfully applied in the clinical situation.

Most clinicians evaluate the effect of endodontic treatment by visually
comparing radiographs that are periodically obtained. The introduction of
standardized procedures - involving extension tube paralleling technique,
type of film, exposure factors, projection of the structures on the film and
processing factors - improved the reproducibility of intra-oral radiographs
considerably. However, the visual interpretation of radiographs remains
somewhat inaccurate. 1 , 2 , 3
Investigations, based on radiographs made on phantom jaws, have
shown that densitometric measurements on radiographs are considerably
more accurate than visual interpretations.4 By incorporating an aluminium
step-wedge (penetrometer) in the filmholder and projecting this penetrometer, together with the dental and bony structures on the film, uncontrollable variations in exposure and processing procedures can be compensated for.5 Densitometric evaluations of periapical structures have not
been performed on a living individual yet. The variation in the position of
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the soft tissues and other factors that might affect the radiograph in the
living individual have not been analyzed by this method. To supply information on these factors a series of standardized radiographs were obtained of a patient and were then analyzed by means of the densitometric
procedure.

MATERIAL AND METHODS
Standardized radiographs were made immediately after endodontic
treatment and subsequently after different time intervals. The standardized
technique involved the use of an individualized paralleling instrument,
which was fitted to the mandible and maxilla by means of rubber impression material, and the application of the extension-tube paralleling
technique. The bite-block of the paralleling instrument contained an aluminium step-wedge (penetrometer) which ranged in thickness from 1 to 9
mm. The radiographs were compared by means of densitometric measurements. 4 The results of these measurements were converted into mm. aluminium equivalents by means of the measurements on the penetrometer
images.5 The position of two lines of measurement on the images of the
dental and bony structures are shown in Figure 1.

RESULTS
The results of the densitometric measurements on the radiographs
made immediately after endodontic treatment (A) and one month (B), two
months (C), three months (D) and nine months (E) later are presented in
Figure 2. An overall non-metric analysis of these graphs reveals rather large
changes in the periapical area (measuring points Nos. 41-69, particularly
from two to three and somewhat less from three to nine months after
endodontic treatment. A comparable impression was obtained by a visual
interpretation by the naked eye of the corresponding radiographs. Differences, visually not observable on the radiographs were found by the densitometric approach in the interdental area (Fig. 2, measuring points Nos.
5-40), where the bony structures were supposed to be unchanged. Average
values of the densitometric measurements are presented in Table 1 ; average
changes are presented in Table 2.
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Fig. 1. The position of the lines of aensitometric measurement Nos. 1 and 10 on the radio
graphs. The measurements are carried out downward on these lines. Point No. 5 is at the top of the
dotted line and point No. 70 is at the bottom of the radiograph.
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Fig. 2. Graphs showing the results of the measurements on the vertical lines No. 1 (Fig. 2a) and
No. 10 (Fig. 2b) on the radiographs (see Fig. 1). A = immediately after endodontic treatment; B =
one month, С = two months, D = three months and E = nine months later. The density scale is
expressed in mm. aluminium equivalents.
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Table I. The average density (in mm. aluminium equivalents) of the 36
measuring points in the interdental area (measuring points Nos. 5-40) and
the 29 measuring points in the periapical area (measuring points Nos.
41-69) on the vertical lines Nos. 1 and 10 (see Fig. 1).

Radiograph

Months after
treatment

Vertical line no. 1

Vertical line No. 10

M.P. 5-40
interdental

M.P. 41-69
periapical

M.P. 5-40
interdental

M.P. 41-69
periapical

5.66

5.45

8.04

6.26

6.12

5.73

9.23

7.09

5.83

6.18

9.00

7.01

6.79

8.47

8.87

9.70

6.71

9.73

9.48

10.28

DISCUSSION
In a previous phantom study 4 it was demonstrated that when a dry
mandible was radiographed twice using standardized techniques, the difference between the two corresponding averaged densitometric measurements
of a line with 36 measuring points stayed within 0.15 mm. aluminium
equivalents (confidence level 0.95). In Table 2 it can be seen that the
differences in the averaged densities of the interdental measuring points
(5-40) between subsequent radiographs were in most instances larger than
the 0.15 mm. aluminium equivalent. Theoretically, these differences may
be due to (1) physiologic fluctuations in the balance between bone apposition and bone resorption; (2) inaccuracies caused by differences in the
position of the soft tissues (the cheek or the lip); and (3) inaccuracies in the
projection caused by changes in the occlusal form of the crowns in the area
of investigation (respectively, the original crown, a temporary crown and a
gold crown).

SUMMARY
Methods developed and evaluated on a phantom jaw to quantify the
changes of dental and bony structures on radiographs by means of densitometric analysis of these radiographs have been tested on a living individual. It could be shown that the method can be successfully applied in the
clinical situation.
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Table II. Specification of the differences in average density (in mm. alu
minium equivalents) of the 36 interdental measuring points (Nos. 5-40) and
the 29 periapical measuring points (Nos. 41-69) between the radiographs.
Vertical line No. 1
Measuring points Nos. 41-69 (periapical)
Radiograph
A

0

В

A

Months after
treatment

\ ^ ^

-0.28

E

-0.72

-0.32

-4.28

-0.44

-2.74

-4.00

-2.30

-3.56

В

1

-0.46 ^ " " ^ -^

С

2

-0.17

0.29

" \ ^ ^

D

3

-1.13

-0.67

-0.96

E

9

-1.05

-0.59

-0.88

4

D

С

- \ ^
-0І08^

-1.26

\

^

Measuring points Nos. 5-40 (interdental)
Vertical line Ν D. 10
Measuring points Nos. 41-69 (periapical)
Radiograph

В

A

Months after
treatment

\

^

^

-0.83

A

0

В

1

-1.19

С

2

-0.96

0.23

D

3

-0.83

0.36

F.

9

-1.44

-0.24

^

^\

С

E

D

-0.75

-3.43

-4.01

0.08

-2.61

-3.19

-2.68

-3.26

^ \ ^ ^

o . n "* \ ^
-0.48

-ОЛП^

-0.61

^

^

Measuring points Nos. 5-40 (interdental)
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CHAPTER 9

GENERAL DISCUSSION

As the results of the investigations have been described and discussed
in the preceding chapters, only some general remarks will be made here.
In Chapters 2 and 3 the interpretation error was almost totally eliminated by measuring distances between clearly defined accurately markable
points on root fillings and by the use of a sophisticated instrument (the
Optocom). As a result, the overall-error consisted almost only of the positioning error, caused by the positioning of the film and the direction of the
centre beam in relation to the longitudinal axis of the tooth. This is in sharp
contrast with the findings presented in Chapters 5 and 6, indicating that
both the inter and intra examiner errors are very large for radiolucencies
which are visually interpreted.
The classification of reliable interpretations of changes in periapical
structures presented in Chapter 2 is based on a negligibly small interpretation error. The results in Chapter 5 indicate that these classifications cannot
be applied for the visual interpretation of radiographs.
Serial densitometric measurements (Chapters 6, 7 and 8) can more
easily be compared when the localization of the densitometric measurements is standardized, and the position of the step-wedge (penetrometer) in
relation to the dental and bony structures is repeatedly the same. Then the
measurements to be compared are carried out on corresponding spots of the
dental or bony structure images. As the distance between two adjacent
densitometric measurements is 0.25 mm., the error in localizing these
spots should be relatively small. The standard deviation of the average
overall error is 0.13 mm. (Table 2, Chapter 4) and as such sufficiently small.
In Chapter 6 the developing process was standardized by developing
together all radiographs which were to be compared. In a long term clinical
study (Chapter 8) this aim cannot be realized. The same is to some extent
true for the KVP settings on the X-ray machine. A study of differences in
KVP setting, exposure time, thickness of soft tissue substitutes and developing process revealed that these variables did not affect the densitometric
measurements noticeably. However, there is one limitation; radiographs
which are too dark cannot be quantified, as the equation used for the
densitometric analysis then becomes inaccurate.
The application of the paralleling instrument and penetrometer in the
clinical study (Chapter 8) revealed a few shortcomings; several modifica-
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tions have to be made. For precise densitometric measurements in the dark
and light areas of radiographs a penetrometer ranging from 0.5 to 12 mm.
in height is necessary. On the low side of the penetrometer, steps of 0.5
mm. aluminium (0.5 to 3 mm. height) and on the high side, steps of 1 mm.
aluminium (3 to 12 mm.height) are desirable. Film type No. 2 (3 cm. wide)
is too large for radiographs of the anterior teeth. For this purpose a smaller
film (such as film type No. 1, which is 2.4 cm. wide) and a corresponding
smaller bite-block are more appropriate. The findings of Chapter 7 indicate
that relatively light radiographs are preferable for densitometric analysis,
and as such the integral absorbed dose can be limited. Further, the radiation
should be reduced by placing a metal diaphragm on the locator ring of the
paralleling instrument.
Analysis with the densitometer employed proved to be very time consuming; 2760 densitometric measurements on each radiograph took almost
one day, mainly because the radiograph had to be transported by hand. For
further studies an automatically transporting and registering densitometer is
envisaged.
For determining the outline of a radiolucency on a single radiograph
the densitometric analysis can not be used. As yet, densitometric analysis
can only identify differences between serial radiographs if they have been
made under standardized conditions (Chapters 6 and 8).
Densitometric analysis can also be used to quantify changes in interdental periodontal structures. For example, the effect of periodontal surgery for correction of the interdental bony septum can be evaluated. Further, densitometric analysis can be applied in the quantification of changes
of carious lesions of the interproximal surfaces of buccal teeth in bitewing
radiographs.
Densitometric analysis of dental radiographs proved to be an excellent
method to quantify changes in bony structures. However, the procedure as
described in this thesis is too complex and time consuming to be applied
routinely in clinical dentistry. It may be assumed that with continuing
progress in techniques and practice facilities the time will come when
reliable procedures for the quantification of changes in bony structures of
interest to the practicing dentist, will become available. The finding that
visual interpretation of changes in bony structures is unreliable indicates
that reliable quantification of these changes will form a valuable extension
of the armamentarium of the dentist.
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SUMMARY

The validity of the interpretation of dental radiographs was studied in
the analysis of apical and periapical structures. The total error of every
technique can be divided into a positioning error and a marking error. The
positioning error is caused by differences in the position of the film and the
direction of the centre beam in relation to the longitudinal axis of the
tooth. The marking error consists of differences in the interpretation of the
radiographs and the inaccuracies of registering these interpretations. In
Chapter 2 and 3 the marking error was made negligibly small, because
distances between readily visible and accurately markable root points in
endodontically treated teeth were measured with a sophisticated instrument
(the Optocom). Radiographs, made by experienced technicians with the
extension-tube paralleling technique, showed to have a considerable positioning error that was about four times larger for the buccal teeth in the
maxilla than in the mandible. This is probably due to limitations in film
positioning against the palate and the subsequent deformation of the image
of the structures radiographed (Chapter 2). In Chapter 3 fadiographs that
were apparently identical on the basis of four criteria were analyzed. It was
shown that although two radiographs of the same object seemed to be
identical when lying side by side, they can differ considerably. The magnitude of the positioning errors (Chapters 2 and 3) explains some of these
limitations.
In Chapter 4 the method for standardized projections was tested in
patients and analyzed by the same error estimators as in Chapter 2. The
technique proved to be adequate in the clinical situation.
In Chapter 5 the error of the visual interpretation has been assessed
for those periapical radiolucencies which are readily defined, those which
are very diffuse, and those which have a border which may be described as
intermediate. Ten experienced dentists were asked to analyze the sizes of
forty-five periapical radiolucencies by indicating outlines that allowed the
determination of: (1) the largest distance between the root surface and the
outline of the radiolucency, (2) the largest diameter of the radiolucency
and (3) the area of the radiolucency. The area measurements proved to be
the least inaccurate. In comparing the first and second interpretations of
the ten dentists, the area measurements proved to have an average relative
error of 21 per cent for the readily defined radiolucencies and 37 per cent
for the diffuse ones. A comparison among dentists revealed that the relative
error of interpretation by means of area measurements varied from 14 to 32
per cent for the readily defined radiolucencies and from 23 to 52 per cent

75

for the diffuse ones. The size of these errors led to the statement that
conclusions regarding the changes in size of periapical radiolucencies made
by visual assessment are often unreliable.
To study the validity of densitometric analysis (Chapter 6) a mounted
dried human mandible, in which step wise increasing artificial lesions in the
periapical area were made, was analyzed. All other variables (such as the
film, the projection and the developing process) were standardized. Differences between the densitometric measurements of radiolucencies were expressed in mm. aluminium equivalents by comparing the density of dental
and bony structures with those of the aluminium step-wedge (penetrometer), projected on each film. It was found that every step in increasing
bone removal could be clearly identified and quantified. The ten dentists
who interpreted the same radiographs visually could not reliably determine
changes in size of the periapical bony lesion. Further their interpretations
of each radiolucency differed greatly, especially when these were limited
to cancellous bone.
Radiographs with varying KVP, exposure time, soft tissue thickness
substitutes and developing time were made of the dried human mandible
(Chapter 7). The densitometric measurements revealed that variations in the
exposure and developing factors could be compensated for. Standardized
densitometric measurements of radiographs could be obtained, except in
cases when the latter were too dark.
In Chapter 8 the methods developed and evaluated on a phantom jaw
to quantify the changes of dental and bony structures on radiographs by
means of densitometric analysis of these radiographs have been tested on a
living individual. It could be shown that the method can be successfully
applied in the clinical situation.
It is assumed that the time will arrive that densitometric analyses and
quantifications in changes of dental and bony structures will become available to the practising dentist due to continuing progress in techniques and
procedure simplification. Then the unrealiability associated with visual
interpretation of dental and bony changes can be eliminated.
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SAMENVATTING

Voor de bestudering van de betrouwbaarheid van de interpretatie van
tandheelkundige röntgenopnamen zijn de apicale en periapicale structuren
als model gekozen. Bij het analyseren van röntgenopnamen kan de fout van
de methode worden verdeeld in de opnamefout en de markeerfout. De
opnamefout wordt veroorzaakt door verschillen in plaatsing van de film en
in de richting van de centrale straal van de röntgenbundel ten opzichte van
de lengte-as van de gebitselementen. De markeerfout ontstaat door verschillen in de interpretatie van de betreffende structuren op röntgenfoto's en
door onnauwkeurigheden bij het registreren van deze interpretaties. Bij de
in de hoofdstukken 2 en 3 beschreven onderzoeken bleek de markeerfout
verwaarloosbaar klein te zijn, enerzijds omdat afstanden werden bepaald
tussen duidelijk zichtbare en nauwkeurig markeerbare punten in de wortels
van endodontisch behandelde gebitselcmenten en anderzijds omdat een
nauwkeurig meetapparaat werd gebruikt voor de registraties (Optocom). Bij
de door ervaren tandheelkundige rontgen laboran tes met behulp van de
long-cone parallel-techniek gemaakte röntgenfoto's werd een aanzienlijke
opnamefout geconstateerd. Voor röntgenfoto's van premolaren en molaren
in de bovenkaak was de opnamefout ongeveer vier keer zo groot als voor
opnamen van overeenkomstige gebitselementen in de onderkaak. Dit verschil is toegeschreven aan de vorm van het palatum, die het plaatsen van de
film bemoeilijkt (hoofdstuk 2).
In hoofdstuk 3 werden op het oog identieke röntgenfoto's bestudeerd.
Deze werden uit de in hoofdstuk 2 reeds onderzochte opnamen geselecteerd
op basis van vier criteria voor het testen van gelijkheid. Uit de nauwkeurige
registraties van bepaalde afstanden op deze schijnbaar identieke röntgenfoto's bleek desalniettemin, dat aanzienlijke verschillen er tussen kunnen
bestaan.
In hoofdstuk 4 werd de methode, ontwikkeld voor gestandaardiseerde
projecties, bij patiënten getoetst. De methode bleek bij patiënten goed te
voldoen.
De grootte van de fout van het visueel interpreteren van röntgenfoto's
is bestudeerd aan periapicale radiolucenties met begrenzingen die varieerden
van duidelijk herkenbaar tot zeer vaag (hoofdstuk 5). Daartoe werden drie
groepen van 15 röntgenfoto's samengesteld, waarbij in iedere groep de begrenzing van de periapicale radiolucencies ongeveer in duidelijkheid overeen
kwam. Alle röntgenfoto's werden twee keer beoordeeld door tien tandartsen volgens de "dubbel blind" methode. De beoordelingen werden geregistreerd in de vorm van overtrektekeningen van de geobserveerde begren-
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zingen van de wortels en periapicale radiolucenties. Van iedere overtrektekening werden vervolgens drie maten vastgesteld: (1) de grootste afstand
tussen worteloppervlak en buitenste begrenzing van de radiolucentie, (2) de
grootste diameter en (3) het oppervlak van de radiolucentie. De oppervlaktemetingen bleken het meest betrouwbaar te zijn. Vergelijking van de eerste
en tweede interpretaties van de tien tandartsen resulteerde in een gemiddelde relatieve interpretatie-fout van 21% voor de duidelijk en van 37% voor de
vaag begrensde radiolucenties. Bij vergelijking van de observaties van de
tandartsen onderling bleek de relatieve interpretatiefout van 14 tot 32%
voor de duidelijk en van 23 tot 52% voor de vaag begrensde radiolucenties
te variëren. De gevonden waarden voor interpretatie-fouten hebben geleid tot
de stelling dat het visueel bepalen van veranderingen in de grootte van
periapicale radiolucenties op röntgenfoto's niet betrouwbaar is.
Om de waarde van densitometrie voor tandheelkundige intra-orale
röntgenfoto's te bepalen werd in hoofdstuk 6 een humane onderkaakshelft
als model gebruikt. Van een in stappen groter gemaakte botlaesie werden
gestandaardiseerde röntgenfoto's gemaakt. De andere variabelen, zoals het
gebruikte kilovoltage, de belichtingstijd en het ontwikkelproces, waren gestandaardiseerd. Densitometrisch vastgestelde veranderingen in de radiolucenties werden uitgedrukt in mm. aluminium-equivalent door op iedere
film de zwarting van de afbeelding van de gebitselementen en het kaakbot
te vergelijken met die van de aluminium trap. Iedere vergroting van de
botlaesie kon densitometrisch worden opgespoord en gekwantificeerd. De
tien tandartsen die deze zelfde röntgenfoto's visueel beoordeelden waren
niet in staat de veranderingen in grootte van de periapicale afwijking betrouwbaar aan te geven. Bovendien waren er grote onderlinge verschillen
tussen de interpretaties van de tandartsen, vooral waneer de botlaesie beperkt bleef tot het spongieuze bot.
Van de boven genoemde onderkaakshelft werden ook röntgenfoto's
gemaakt met verschillende kilovoltages, belichtings- en ontwikkeltijden en
een verschillend aantal platen gele was, die de weke delen representeerden
(hoofdstuk 7). Door de eerder genoemde omrekening van de densitometrische waarden in mm. aluminium-equivalent bleken verschillen in de
belichting, het ontwikkelproces en de dikte van de weke delen nagenoeg
volledig te kunnen worden gecompenseerd (behalve bij te donkere röntgenfoto's).
In hoofdstuk 8 werd bij een patiënt de klinische toepasbaarheid van de
in hoofdstuk 6 beschreven methodieken onderzocht. De methode bleek
klinisch goed bruikbaar te zijn.
Aangenomen mag worden, dat onder andere dank zij een aantal te
verwachten technische ontwikkelingen de tandarts in de toekomst gebruik
zal kunnen maken van het densitometrisch analyseren en kwantificeren van
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veranderingen in de afbeelding van gebitselementen en kaakbot op röntgenfoto's. De onbetrouwbaarheid van het visueel interpreteren zal dan uitgeschakeld kunnen worden.
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