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Intra-examiner consistency in the recording of single traits of malocclusion
according to a previously described method was assessed by duplicate
registrations on study models of 292 children. The level of agreement was
expressed by the consistency ratio and the phi coefficient. A high level of
consistency was obtained for most of the malocclusion traits, and it was
concluded that the method employed is appropriate also for analyses of
interrelations between these traits.
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In orthodontic investigations the reliability of
quantitative assessments, €.g. measurements
on cephalometric radiographs or study
models, has frequently been discussed. The
methodological problems of estimating the
reliability of qualitative assessments, on the
other hand, have received little attention.
Several methods for epidemiologic registra-
tion of malocclusion are based on quali-
tative assessments of single morphologic
variables in the dentition (Bjprk, Krebs &
1964; Baume et al., 1973). Each
individual variable is assessed according to a
criterion of registration, establishing a
dichotomy between normal and abnormal
variation, that is, between non-occurrence
and occurrence of the particular trait of
malocclusion. The reliability of recording
dichotomized variables may be tested at
different levels.

Suppose, for example, that the presence or
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absence of a given trait is examined twice in
100 individuals. The hypothetical data may be
summarized in a 2 x 2 contingency table, as
illustrated in Tabie I. Inspection of the total
(marginal) frequencies reveals that presence
of the trait has been recorded in 33 persons at
the first examination, against 35 at the second.
The difference of 2% between these
frequencies is small and statistically not
significant, which seems to indicate that the
results obtained by the registration method
were reproducible. However, inspection of
the cell frequencies shows that presence of the
trait has only been consistently recorded in 30
persons and absence in 62, while discordant
recordings (positive or negative reversals)
have occurred in eight persons. Hence,
actually only 92 % of the individuals have been
assessed consistently,

Even this percentage may vyield an
overestimate of the reliability of registration,
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especially where infrequent traits are
concerned, because of the weight by which
consistent recordings of obvious non-
occurrence will contribute. This problem
is taken into account in the consistency ratio,
which is calculated by dividing the number of
subjects. in whom the occurrence of a
particular trait has been consistently
recorded, by the total number of subjects, in
whom the trait has been recorded (Jackson,
1966). For practical purposes the ratio is
expressed in per cent. Another approach
consists in calculating the phi coefficient,
which is a coefficient of correlation calculated
from 2 x 2 contingency tables (Guilford,
1956). Expressions for the consistency ratio
(CR%) and the phi coefficient (d) are given in
Table 11.

The method for epidemiologic registration
of malocclusion developed by Bjork, Krebs &
Solow (1964) has previously been used in a
number af studies (FHelm. 1968, 1970; Bjgrk &
Helm 1969; Helm & Siersbaek-Nielsen, 1973;
Ingervall, 1974; Lavelle, 1976; Magnusson,
(1976). The error of the method has been
assessed by intra- and interexaminer com-
parisons, which did not reveal statisti-
cally significant differences in terms of the
total frequencies (Solow & Helm, 1968;
Helm, 1970). Current studies of interrelations
between various malocclusion traits have
made more accurate assessments of the
reliability of this method pertinent. A new
study of intra-examiner counsistency of re-
cording was therefore made.

MATERIAL AND METHOD

Study models and intra-oral radiographs from
a random sample, comprising 292 Danish
children aged 13-17 years, were available for
registration. The material, which has been
described in detail elsewhere (Helm et al.,
1975), was examined twice at an interval of six
months by the author using the method of
Bjgrk, Krebs & Solow (1964). The examiner
had extensive experience in the use of this
method. The level of agreement was

Table 1. Results of two examinations (I and I} of
presence or absence of a particular trait in 100 indi-
viduals (Hypothetical data)

1
Presence | Absence | Total
Presence 30 5 35
I
Absence 3 -62 65
Total 33 67 100

Table Ll. Theoretical results of two examinations
(I and 1l) of presence or absence of a particular trait
in N individuals

1
PICS;ICC Absence | Total
Presetice A B A+B
11
Absence C D C+D
Total A+C B+D N
Data from Table I
A
CR% = kipac X100
- 30 -
CR% = 301543 ¥ 100 = 79%
AxD - BxC

P =
V(A+B) (C+D) (A+C) (B+D)

(30x62) — (5x3)
V35x65x67x33

o = =0.82

expressed by the consistency ratio (CR%) and
the phi coefficient (®), cf. Table 1I.

RESULTS

The findings are presented in Table 111, which
shows the original data together with the two
measures of consistency. Where the total
number of individuals, in whom a particular
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163

Number of recordable subjects (REC) in whom a given trait was recorded at first examination

only (1), consistently at both examinations (I+11), and at second examination only (II)

REC I [+11 11 CR% P
Dentition
Aplasia 292 0 19 0 100 1.00
Malformation 292 1 7 1 - -
Ectopic eruption 292 1 13 0 93 0.96
Persistent prim. teeth 292 1 13 0 93 0.96
Anterior crossbite 292 0 14 1 93 0.96
Rotation 292 12 77 18 72 0.76
Tipping 292 8 14 7 48 0.62
Occlusion
Extreme max. overjet 290 2 51 0 96 0.98
Mandibular overjet 290 0 1 0 - —
Distal molarocclusion 275 2 80 2 95 0.97
Mesial molarocclusion 275 0 5 4 - -
Open bite 290 2 S 0 - -
Deep bite 290 4 64 3 90 0.93
Crossbite 291 1 42 4 89 093
Scissors bite 291 2 31 t 91 0.95
Midline displacement 292 8 53 7 78 0.84
Space conditions
Crowding maxilla 289 6 77 4 89 0.92
— Incisal segment 281 7 50 5 81 0.84
— Lateral segments 263 2 40 | 93 0.96
Crowding mandible 290 4 84 4 91 0.93
— Incisal segment 287 5 57 4 86 0.91
— Lateral segments 256 5 54 4 86 0.90
Spacing maxilla 289 2 20 2 83 0.90
— Incisal segment 281 1 15 1 88 0.93
— Lateral segments 263 1 9 3 69 0.8
Spacing mandible 2590 0 12 3 80 0.89
— Incisal segment 287 0 3 3 - -
— Lateral segments 256 0 11 1 92 0.96
Medial diastema 292 0 4 0 - -

Consistency ratio (CR%) and phi coefficient () ¢f. Table 1.

trait was recorded at least once, was less than
10, these values were arbitrarily considered
too unreliable for conclusions to be drawn,
and only the original data are given.

In the dentition the level of agreement was
high for most of the traits. It should be noticed
that the same radiographs were used on both
occasions in the diagnosis of aplasia and in
some cases of ectopic eruption. A distinctly
lower level of consistency was observed for

rotation and, especially, for tipping. All the
traits of occlusion showed a high level of
agreement, with the exception of midline
displacement. For the space conditions, the
pattern was somewhat less clear; close
agreement was obtained for most of the traits,
but crowding in the maxillary incisal segment
and, especially, spacing in the maxillary
lateral segments showed lower levels of
consistency.
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DISCUSSION

In general, close agreement was obtained
between the recordings at the two
examinations. Among the traits of occlusion
and dentition, values of CR% and ® around
90% and 0.95, respectively, were the rule,
distinctly lower values being observed only
for midline displacement and, especially, for
rotation and tipping. Among the space
conditions, the majority of the traits displayed
CR% values in the range 809-90% and values
of & around 0.90.

The consistency ratio has earlier been
used in orthodontic assessments of intra-
examiner agreement by Gravely & Johnson
(1974, 1975). Classification of malocclusions
according to Angle revealed considerable
variation among the classes, the CR%
values ranging from 47% to 95%. In con-
clusion these authors questioned the use-
fulness of Angle’s classification to both
clinicians and epidemiologists. Higher CR%
values were found, in general, for crowding,
overbite and crossbite. The intra-examiner
agreement in clinical measurements of overjet
was expressed by the Pearson coefficient of
correlation; the value found (r = 0.97) was
almost identical to the phi coefficient of the
present study.

Grewe & Hagan (1972) used Pearson
correlation coefficients to measure intra-
examiner agreement in assessing indices
of malocclusion. Values of r ranging from 0.71
to 0.91 were obtained. Moreover, these
authors calculated correlation coefficients for
selected components of the indices, namely
maxillary overjet and «tooth displacement».
The correlations for overjet were high (r =
0.90 -0.98) and similar to the phi coefficient
of this study. The values for «tooth dis-
placement» were lower (r = 0.77 -0.96); to
some extent they are comparable to the
present findings for rotation and crowding.

In a study of radiographic diagnosis of
approximal caries, Haugejorden & Slack
(1975) assessed intra-examiner agreement in
terms of the consistency ratio. The values
ranged between 67% and 97%, and the authors
suggested that it seems reasonable to aim at

values higher than 80% when training
examiners for scoring of primary radiographic
caries.

The present results are difficult to interpret
formally in terms of an acceptable level of
consistency. On the basis of the literature
cited and of the present findings, values of the
consistency ratio and of the phi coefficient of
80% and 0.90, respectively, were arbitrarily
determined as lower acceptable levels of
intra-examiner consistency. This implies that
the registrations of rotation, tipping, midline
displacement and spacing in the lateral
maxillary segments were regarded as
unreliable.

From the present study it may be concluded
that the majority of the malocclusion traits of
Bjprk, Krebs & Solow’s (1964) method could
be recorded at a high level of consistency by
an experienced examiner. Accordingly, the
method would seem to be appropriate also for
analyses of interrelations between these
traits.
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