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Reproducibility of Characteristics Assessing the Occlusion of
Young Adults
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Terttu Pietilä, L Odont, D Odontc; Ilpo Pietilä, L Odontd;

Pentti Alanen, L Odont, D Odont, D Soc Scie; Juha Varrela, L Odont, D Odontf

Abstract: The aim of the present investigation was to analyze the reproducibility in the assessment of
six morphological and three functional characteristics included in a new method evaluating the occlusion
in young adults. These characteristics comprised coincidence of midlines, overjet, overbite, canine rela-
tionship, crossbite, scissors bite, recurrent deviation on opening, guided lateral excursions, and discrepancy
between the centric relation and the intercuspal position. The study was conducted in three stages: (1) five
observers assessed the occlusions of five volunteers, (2) seven observers assessed nine volunteers, and (3)
five observers assessed nine volunteers. Two calibrated orthodontists were used as references. For numer-
ical variables, the nonparametric method for repeated measurements (Friedman’s test) was used to test the
significance of differences, while the proportion of agreement was calculated for categorical assessments.
The results were analyzed using two precision levels: within a measurement unit/the same category and
an acceptable/nonacceptable dichotomy. The magnitude of systematic differences was small and of minor
clinical importance except in measurements of recurrent deviation on opening. The proportional agreement
for acceptance was good in the assessment of overjet, coincidence of midlines, crossbite, scissors bite,
open bite, and discrepancy between the centric relation and the intercuspal position. Moderate agreement
was achieved in the assessment of overbite, canine relationship, recurrent deviation on opening, and guided
lateral excursions. Among the nonacceptable cases, the agreement ranged from poor to good. The results
indicated that noncalibrated observers assess categorical characteristics inconsistently. (Angle Orthod 2002;
72:310–315.)
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INTRODUCTION

Occlusal classifications are descriptive tools used by or-
thodontists and craniofacial biologists for clinical and re-
search purposes. The usefulness of these classifications has,
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however, been questioned, mainly because they are found
to give inconsistent results.1–3

The reproducibility of classifications has been tested both
in clinical settings4–8 and using patient records, such as facial
and dental photographs, radiographs, or dental casts.2,9–13 In
some studies, clinical data have been combined with data
obtained from study models.14,15 Examiners have variously
comprised orthodontists,2,3,11–14 orthodontists and other spe-
cialists,10 TMD specialists and auxiliary personnel,7,8,16,17 or
general practitioners.4,9 In general, the results have shown
low consistency in assessments of the tested characteris-
tics,2,4,5,7,11–14,17 but there are findings indicating that spe-
cialists can reach an acceptable level of agreement in the
assessment of morphological characteristics.3,10 Of function-
al assessments, on the other hand, only maximal mouth
opening has frequently shown high reproducibility.5,6,8,16–20

While some investigators have reported that training and
calibration of the examiners results in a high level of agree-
ment,3,7,8,16,17,21 others are sceptical and suggest that these
will have only a minor impact on reproducibility.10,14

In Finland, free dental care, including orthodontics, is
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provided on a population basis up to 18 years of age. The
health care system is showing increasing interest in the ef-
fectiveness, quality, and efficiency of orthodontic treatment,
but there are no satisfactory tools that could be applied in
occlusal evaluations. Our research group has been devel-
oping a method that could be used to assess the occlusions
of young adults when studying the targeting and outcome
of orthodontic care. A group of specialists in orthodontics
and stomatognathic physiology has selected a set of mor-
phological and functional characteristics that would meet
the requirements of the health care system and orthodontic
professionals in Finland.22 The aim of the present study was
to analyze the reproducibility of the assessment of the se-
lected characteristics.

MATERIALS AND METHODS

The investigation was conducted in three stages. In the
first stage, five orthodontists examined five orthodontically
treated volunteers. In the second stage, seven observers
(three orthodontists and three orthodontically experienced
and one inexperienced general practitioner) examined nine
orthodontically treated volunteers. In the third stage, five
observers (three orthodontists and one experienced and one
inexperienced general practitioner) examined a group of
nine volunteers including both orthodontically treated and
untreated individuals. The examinations were carried out
during routine orthodontic follow-up visits or annual dental
examinations. In all stages, the volunteers were rated in a
random sequence and informed consent was obtained from
all of them.

The reproducibility of the assessment of six morpholog-
ical and three functional characteristics was evaluated.
These characteristics were selected using a modified Delphi
process. For each characteristic, a group of specialists in
orthodontics and stomatognathic physiology had defined a
demarcation line for an acceptable–nonacceptable dichoto-
my. Overbite, canine relationship, crossbite, scissors bite,
and guided lateral excursions were assessed categorically,
while numerical measurements were taken for the coinci-
dence of the facial midline and midline of the upper dental
arch, overjet, recurrent deviation on opening, and discrep-
ancy between the centric relation (CR) and the intercuspal
position (ICP) (Table 1). The CR was defined according to
Dawson23 as ‘‘the relationship of the mandible to the max-
illa when the properly aligned condyle–disk assemblies are
in the most superior position against the eminentia, irre-
spective of tooth position or vertical dimension.’’ Before
each stage, all assessment procedures were demonstrated,
and detailed instructions were given to the observers. To
achieve the CR, a bimanual manipulation technique of the
mandible23 was used during the demonstration. However,
the use of this technique was not insisted on; the observers
were allowed to use their own methods.

Two orthodontists, who participated in all stages of the

study, were calibrated for the assessment of the chosen cri-
teria. During a training session, they independently evalu-
ated 20 dental casts. In case of a disagreement, the cast was
reevaluated and the source of disagreement was discussed.
Thereafter, both observers clinically assessed the occlusions
of 20 randomly selected adolescents. The first five adoles-
cents were assessed together and their recordings were ex-
cluded from the analyses. Calibration of other observers
was not performed.

Statistical analyses

For the numerical variables, the disagreement between
the observers concerning each volunteer was quantified by
calculating the average of absolute values of the differences
between every pair of observers. The percentage of pairs
in which the absolute value of the difference was not more
than 1 mm was also calculated. Because the comparisons
concerned five to seven observers at the same time and
because it was not found appropriate to assume that the
distributions of the measurements were normal distribu-
tions, the nonparametric method for repeated measurements
(Friedman’s test) was used to test the significance of dif-
ferences.24 P-values of less than .05 were interpreted as sta-
tistically significant.

For categorical assessments, the proportion of agreement
was used to avoid the pitfalls inherent in the intraclass cor-
relation and the kappa coefficient.21,25,26 Clinically, it is of-
ten relevant to be aware of the agreement for both the ac-
ceptable and the nonacceptable classifications, especially if
there is a low number of observations in one of the cate-
gories. Statistical computing was performed using the SAS
System for Windows, release 8.1/2000.

RESULTS

At the dichotomous level, the proportion of agreement
for acceptance among all observers ranged from moderate
to good, while that for the nonacceptable category varied
between poor and perfect (Tables 2 through 5). In the ac-
ceptable category, the orthodontists achieved a good level
of agreement for all numerical variables (Tables 2 and 4).

Although systematic differences were found in numerical
measurements among both orthodontists and general prac-
titioners, these differences were of minor clinical impor-
tance except in measurements of recurrent deviation on
opening. According to this criterion, only 0–22% of vol-
unteers were found to be within one measurement unit (1
mm) by all observers. Further, the mean of the average
differences (calculated from the absolute values of differ-
ences) was more than twice that of the other criteria (Table
4). Even the measurements made by the calibrated ortho-
dontists indicated a systematic difference at the level of
calibration (P 5 .04). Their measurements fell within one
measurement unit in 55% of all examined volunteers (n 5
38).
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TABLE 1. Assessments Used in the Reproducibility Study; Numerical Measurements Taken to the Nearest Millimeter With a Ruler a

Acceptability Reference Assessment Conventions

MORPHOLOGY

1. Coincidence of facial
midline and midline of
the upper dental arch

Max 3 mm deviation Frontal
plane

Numerical

2. Overjet Max 6 mm CR Numerical From the labial surface of d 41 to
the labial surface of d 11

3. Overbite Occlusal contact incisal to the
gingival third of the palatal sur-
face of the upper incisors

CR 3 categories
Incisal
Middle
Gingival

Marked with articulating paper

Open bite only in laterals Open bite listed in tooth
pairs

4. Canine relationship Class I
Class II in case of missing upper

incisors

CR 4 categories
Class I
Class II
Class III
Cusp to cusp

5. Scissors bite Not accepted CR 2 categories
Present
Absent

6. Crossbite One tooth pair/side if no interfer-
ence or slide between CR and
ICP

CR 3 categories
Absent
Present, no slide
Present, slide

FUNCTION

7. Recurrent deviation
on opening

Max 4 mm Frontal
plane

Numerical Recorded using a toothpick be-
tween the lower central inci-
sors; deviation read from a
transparent scale paper; re-
peated at least three times

8. Lateral excursions Canine protection/group contact CR 5 categories
Canine protection
Group contact
Contact in incisors,

premolars, and
molars

Contact distal to
the canine

Other

Guided lateral gliding until upper
and lower canines at the same
transversal level

9. Discrepancy between
CR and ICP

CR Numerical Measured from pencil markings in
one pair of premolars and inci-
sors

Sagittally and vertically
Laterally

Max 2 mm
Not accepted

a CR, centric relation [23]; ICP, intercuspal position.

DISCUSSION

In many Finnish health centers, general practitioners, un-
der the supervision of an orthodontist, carry out screening
of malocclusions and simple treatment procedures.27 In
these cases, a satisfactory level of agreement between the
orthodontists and general practitioners is of importance. All
orthodontists participating in our study were familiar with
the assessments, and their agreement level was considered
to represent the level that could be achieved through train-
ing. The accuracy of measuring was set to 1 mm, which
was considered adequate for measurements taken directly
from the mouth. For a number of reasons, the study was

conducted in several stages, with relatively few observers
participating in each stage. As the assessment took about
6–7 minutes/observer, we suspected that a larger number of
repeated examinations could have affected the volunteers’
functional status and distorted the results. Furthermore, the
time available for the assessment was limited because it
took place during an orthodontic follow-up visit or an an-
nual dental examination. This design made it possible to
study samples of both orthodontically treated and untreated
occlusions and enabled the inclusion of observers with
varying orthodontic backgrounds.

Of all assessments, the widest variability was found in
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TABLE 2. Reproducibility of Numerical Morphological Variables Among All Observers; Results Are Shown for All Observers or Separately for
Orthodontists and General Practitioners (GPs)

Average Absolute
Difference

All Observers

Mean (mm) SD

Systematic Differences

Orthodontists GP

Pa Pa

All Observers

61 mm b

(%)

Proportional
Agreement

Accepta-
blec

Nonaccep-
tablec

Orthodontists

61 mm b

(%)

Proportional
Agreement

Accepta-
blec

Nonaccep-
tablec

Overjet
Coincidence

of midlines

0.20–0.51

0.60–0.91

0.15–0.35

0.23–0.36

.047*–.663

.018*–.594

,.001***–.564

.232–.655

78–100

33–80

.93–1.00

.90–1.00

.14–1.00

.25–1.00

100

80–89

.93–1.00

.93–1.00

.00–1.00

.00–1.00

a Friedman’s test; * P , .05, ** P , .01, *** P , .001.
b Among all subjects and all observers, the percentage of pairs differing not more than 1 mm.
c The categories of acceptable and nonacceptable defined as in Table 1; ,.40 5 poor, .40–.75 5 moderate, ..75 5 good agreement.

TABLE 3. Reproducibility of Categorical Morphological Variables Among All Observers; Results Are Shown for All Observers or Separately for
Orthodontists

All Observers Orthodontists

Same
categorya

(%)

Proportional Agreement

Acceptableb Nonacceptableb

Same
categorya

(%)

Proportional Agreement

Acceptableb Nonacceptableb

Scissors bite
Crossbite
Open bite
Overbite
Right canine

relationship
Left canine

relationship

78–89
78–89
67–100
20–33

22–80

22–80

.92–.96

.91–.97

.87–1.00

.73–1.00

.47–.85

.45–.84

.00–.09

.00–.78

.00–1.00

.56–1.00

.52–.65

.41–.85

80–100
80–89
78–100
20–89

56–80

33–80

.92–1.00

.90–.92

.85–1.00

.70–1.00

.56–.85

.33–.84

.00–1.00

.00–.78

.00–1.00

.54–1.00

.53–.65

.43–.75

a Among all subjects and all observers, the percentage of pairs classified in the same category.
b The categories of acceptable and nonacceptable defined as in Table 1; ,.40 5 poor, .40–.75 5 moderate, ..75 5 good agreement.

TABLE 4. Reproducibility of Numerical Functional Variables Among All Observers: Results Are Shown for All Observers or Separately for
Orthodontists and General Practitioners (GPs)

Average Absolute
Difference

All Observers

Mean (mm) SD

Systematic Differences

Orthodontists GP

Pa Pa

All Observers

61 mm b

(%)

Proportional
Agreement

Accepta-
blec

Nonaccep-
tablec

Orthodontists

61
mm b

(%)

Proportional
Agreement

Accepta-
blec

Nonaccep-
tablec

Slide sagittally
Slide vertically
Slide laterally
Recurrent deviation

0.29–0.58
0.20–0.58
0.00–0.38
1.69–1.96

0.21–0.42
0.19–0.27
0.00–0.23
0.36–0.68

.021*–1.000
.006**–.788

.406–1.000
.003**–.121

.014*–.223
.112–.564

1.00
.005**–.013*

89–100
89–100

100
0–22

1.00
1.00

.57–1.00

.68–.92

1.00
1.00

.24–1.00

.00–.05

100
100
100
0–67

1.00
1.00

.77–1.00

.85–1.00

1.00
1.00

.14–1.00

.00–1.00

a Friedman’s test: * P , .05, ** P , .01, *** P , .001.
b Among all subjects and all observers, the percentage of pairs differing not more than 1 mm.
c The categories of acceptable and nonacceptable defined as in Table 1; ,.40 5 poor, .40–.75 5 moderate, ..75 5 good agreement.

measurements of recurrent deviation on opening. This find-
ing is in line with earlier studies, in which the reproduc-
ibility of categorically assessed jaw opening patterns has
ranged from poor to good.16–18,20,28 It is possible, however,
that the high variation in recurrent deviation on opening
does not reflect differences in technical management but
rather exemplifies the instability of the characteristic. 8,17,18,28

As in earlier studies,2,3,11,13,16,17 the classification of canine

relationship was found to be ambiguous. Given that the
sagittal measurements were reproduced with high precision,
it is unlikely that the observed discrepancies in canine clas-
sification could be assigned to variation in mandibular po-
sition. Instead, it is possible that not all observers were
familiar with applying the Angle’s classification to canines.
It is also possible that the observers did not use the same
viewing angle when assessing the buccal segment occlu-
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TABLE 5. Reproducibility of Categorical Functional Variables Among All Observers; Results Are Shown for All Observers or Separately for
Orthodontists

All Observers Orthodontists

Same
categoryb

(%)

Proportional Agreement

Acceptablec Nonacceptablec

Same
categoryb

(%)

Proportional Agreement

Acceptablec Nonacceptablec

Lt ra/ right
Lt ra/ left

0–40
0–40

.60–1.00

.67–.90
.11–1.00
.18–.71

33–44
40–56

.56–1.00

.69–.90
.00–1.00
.11–.71

a Ltr, laterotrusion.
b Among all subjects and all observers, the percentage of pairs classified in the same category.
c The categories of acceptable and nonacceptable defined as in Table 1; ,.40 5 poor, .40–.75 5 moderate, ..75 5 good agreement.

sion,29,30 which might explain some of the observed varia-
tion. In borderline cases, the differences may have arisen
from judgmental variation31 based on differing interpreta-
tions of Angle’s classes. Practical training, together with
clear instructions and well-defined demarcation lines,
would probably increase the reproducibility of the classi-
fication of this characteristic.

When measured in millimeters, overbite has been shown
to have good reproducibility.17 In line with the present re-
sults, the agreement in categorical assessments has varied
between moderate and good.3,10,13 However, in our study,
the percentages of exact agreement (within the same cate-
gory) indicated a wider variability than was found by Keel-
ing et al.3

CONCLUSIONS

The agreement among all observers concerning the ac-
ceptable category was good in the assessment of overjet,
coincidence of midlines, crossbite, scissors bite, open bite,
and discrepancy between the CR and the ICP. Moderate
agreement was achieved in the assessment of overbite, ca-
nine relationship, and guided lateral excursions.

In the nonacceptable category, the variability in agree-
ment may partly reflect the low number of observations in
this group.

Exact agreement in categorical assessments was highly
variable.

The reproducibility of measurements of recurrent devia-
tion on opening was poor, as described by the relatively
high mean of the average absolute differences and by the
low percentage of pairs within one measurement unit.
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