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Imprecision in orthodontic
diagnosis: Reliability of clinical
measures of malocclusion
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health care, especially the concept of treatment need.

rationing care to the most deservingina  These methods of assessing treatment need and
society with limited resources, has rekindled in- malocclusion severity are based, in varying de-
terest among United States orthodontists in de-  grees, upon a description of individual morpho-
termining the need for orthodontic care. logic malocclusion traits. Generalized use of an
Numerous methods have been developed over index by individual members of the specialty or
the past 40 years to assess treatment priority and by reviewers employed by health alliances
malocclusion severity. These include several fre- would depend, in part, upon the reliability of the

I I The current national debate regarding wide acceptance in the U.S. for determining

quently-referenced methods: the Treatment Pri-
ority Index (TPI),! the Occlusal Index (OI),” the
Peer Assessment Rating (PAR) index,® Handicap-
ping Labio-lingual Deviations (HLD) index,* the
Handicapping Malocclusion index,’ and the In-
dex of Orthodontic Treatment Need (IOTN).¢ All
are based on specifying the magnitude of devia-
tion from normal occlusion. None has gained

various descriptors of malocclusion. Havoc
would ensue, if, for example, treatment need
depended on a patient having an end-on molar
relationship and there was poor consensus on an
end-on classification. Such uncertainty would
necessitate a rigid calibration of the decision-
makers or an improved methodology to describe
malocclusion.

Abstract

The study examined the reliability among seven orthodontists in judging dental and facial aspects of malocclusion in a
screening of elementary schoolchildren. Data included measures typically recorded during a clinical orthodontic examination:
facial assessment of skeletal/incisor relationships and individual measures of morphologic malocclusion. Interexaminer
reliability data were collected on 52 children. Pairwise comparisons between orthodontists were made using exact percent
agreement and agreement within one category. Kappa statistics and one-sided Z-tests were used to evaluate observed
agreement compared with agreement that would be expected by chance. Median Kappa statistics indicated that the reliability
of maxillary and mandibular anteroposterior positions, incisor exposure, interlabial gap, and maxillary crowding was poor
(K<0.40). Acceptable reliability existed for mandibular anterior crowding, facial convexity, overbite, overjet, and molar
classification (median Kappas ranged from 0.48 to 0.72). Excellent reliability existed only for evaluating the presence of a
posterior crossbite (K=0.79). The results caution that the language of clinical orthodontic diagnosis is imprecise.
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Health care providers are often unaware of the
imperfect reliability of the methods and data of
clinical practice.” Reliability of clinical measures
in dentistry (periodontal health assessment, car-
ies detection) remains as a major challenge to di-
agnosis, treatment planning, and assessing the
outcome of differing therapies.®? In clinical orth-
odontics, the assessment of malocclusion re-
mains problematic.’*® Although reliability and
validity are separate and distinct qualities, most
clinicians would agree that when clinical find-
ings can be determined with high agreement, the
resultant diagnoses are more likely to be valid.*

The TP1, Ol and PAR index scores have been
shown to have acceptable reliability.>**!* How-
ever, the reliability of the individual measures
that compute these index scores has not been re-
ported. Even the report from the largest study
of malocclusion in children conducted by the
U.S. Public Health Service using multiple exam-
iners to determine TPI scores did not provide
data describing interjudge reliability of the indi-
vidual measures assessed.’® Improvements in de-
veloping an index of malocclusion should begin
with an understanding of the language used by
orthodontists to describe individual components
of malocclusion.

Unlike index scores, terms describing indi-
vidual malocclusion traits, such as molar class
and overbite, remain the language of clinical orth-
odontics. How precise is this language? Studies
assessing the reliability of scoring components
of malocclusion have most frequently been per-
formed on diagnostic records (e.g., dental casts,

‘photographs, radiographs).>*121718 Thus, reports

on the reliability of assessing individual maloc-
clusion traits during the clinical examination of
subjects over the past 25 years are scarce but
noteworthy.

The interexaminer reliability of Angle’s classi-
fication scheme (Class I; Class II, Division 1;
Class II, Division 2; and Class IIl) during clini-
cal examination was judged in an early study”
so poor to be of doubtful value to clinicians. In
contrast, the classification of posterior occlusion
(Class I, 11, or III) was performed with good reli-
ability by hygienists, after retraining, but poorly
by experienced, uncalibrated dentists; both
groups demonstrated excellent reliability in as-
sessing overjet and overbite in millimeters.”> A
high level of intraexaminer consistency has been
shown for malocclusion traits when the traits are
recorded as dichotomized variables from dental
casts.

The reliability of judging children’s facial pro-
files (orthognathic, convex, concave) from cepha-

Vol. 66 No.5 1996

lometric tracings and facial photographs has
been shown to be acceptable.”” Reports on the
reliability of clinical assessments of facial char-
acteristics do not exist.

The purposes of this study were to determine
if differences exist between examiners in describ-
ing individual components of malocclusion in
children, and to identify clinically-determined
measures of malocclusion that have poor
interexaminer reliability.

Materials and methods

This study assessing between-examiner reliabil-
ity of determining malocclusion traits was con-
ducted during the initial phase of a prospective
randomized, controlled trial (RCT) of early Class
II treatment. In order to identify subjects for the
RCT, a county-wide screening of third and fourth
grade school children in the 23 public elemen-
tary schools of Alachua County, Florida, was
performed by seven orthodontists from January
1990 to February 1992. Reliability testing oc-
curred during this time.

Training of examiners

Prior to the start of the screenings, six examin-
ing orthodontists met over a period of 3 months
to determine data to be collected, to design the
screening form, and to practice using it. These
experiences served as an internal calibration. An-
additional examiner (orthodontist #7) was added
to the team a year later and did not participate
in the original planning, design, and training.
Examination procedures

Examinations were performed in a room sepa-
rated from the classroom (typically, a media cen-
ter or empty classroom) with the student
standing erect in front of a seated examiner. Each
examiner used a hand- or head-held light, a mil-
limeter ruler, gloves, and a tongue depressor for
cheek retraction. For each child, the examiner
completed a standardized screening form, which
included demographic and malocclusion vari-
ables.

Demographic information included age, gen-
der, race, and history of prior orthodontic care.
If the student had not received previous ortho-
dontic treatment, information on the following
variables was obtained, with the child in habitual
(centric) occlusion:

¢Facial convexity: classified as Class I, Class 11,

or Class IT1, based on visual lateral assessment
of the facial profile

*Maxillary anteroposterior (AP) position: clas-

sified as retrognathic, orthognathic, or prog-
nathic, based on visual assessment

*Mandibular AP position: classified as

retrognathic, orthognathic, or prognathic,



based on visual assessment

*Posterior crossbite: coded as present if any
posterior teeth were in crossbite, or absent

* Incisor exposure: measured to the nearest mil-
limeter with hand-held ruler with the lips at
rest

*Interlabial gap: measured to the nearest mil-
limeter with hand-held ruler with the lips at
rest

*Overjet: measured to the nearest millimeter
with hand-held ruler

*Overbite: classified as percent of lower inci-
sor coverage: none (or negative), >0% and
<33%, >33% and <66%, >66% and <100%,
>100%

*Molar classification, right: the Angle classifi-
cation system was used as follows: 0 = greater
than full cusp Class I1

1 = full cusp Class I

2=3/4 cusp Class II

3=1/2cusp Class II

4=1/4 cusp Class 1l

5=ClassI

6 =1/4 cusp Class III

7 =1/2 cusp Class III

8 =3/4 cusp Class III

9 = full cusp Class III

10 = greater than full cusp Class III

*Molar classification, left: same groupings as
above

* Anterior.crowding, upper: coded as

0 = >6 millimeters space

1 =>3 and <6 mm. space

2 =>0 and <3 mm. space

3 = no space or crowding

4 = >0 and <3 mm. crowding

5 = >3 and <6 mm. crowding

6 = >6 mm crowding

* Anterior crowding, lower: classified as above
Collection of reliability data
Screenings were performed during three time

periods, coinciding with the school year semes-
ters: spring 1990, fall 1990, and fall 1991. At the
beginning of each time period, data were col-
lected to assess interjudge reliability; 18 students
were examined during period one, 21 during
period two, and 13 during period three, for a to-
tal of 52. These “reliability” students were ran-
domly selected from among the students
screened at each school and were examined
along with regularly screened students who were
not selected for reliability testing. At each ses-
sion, only the reliability students were examined
by each of the orthodontists present at the school
that day; these students were directed for re-
peated examinations by the staff assistant. Fol-

Imprecision in orthodontic diagnosis

lowing each reliability session, results were tabu-
lated and differences were discussed. For the first
two time periods, the six orthodontists who had
trained together performed the screenings. In the
third time period, two of the original orthodon-
tists were not available, and the new orthodon-
tist (#7) joined the group.

Data handling

After the orthodontists examined the children,
the screening forms were examined for complete-
ness by a staff assistant and children were reex-
amined as necessary. The data were double
entered in a data management software package,
operating on a microcomputer. Discrepancies
between entries were corrected after reviewing
the original data entry form.

Statistical analysis

The goals of the statistical analysis were two-
fold: (1) to identify differences between the seven
orthodontists, and (2) to identify variables with
poor reliability. To summarize the data, percent
agreement was calculated for each of the 19 pos-
sible pairs of orthodontists. Pairwise compari-
sons were used because different pairs of
orthodontists reviewed different numbers of stu-
dents; four orthodontists reviewed all 52 stu-
dents, two orthodontists reviewed 39 students,
and one orthodontist reviewed 13 students. For
continuous variables or variables with many or-
dered categories, exact agreement was deter-
mined, along with agreement within one
category. For example, for the continuous mea-
sure of overjet, agreement within one category
meant that calls of 5 mm and 6 mm were con-
sidered in agreement; for the ordinal measure of
molar class, agreement within one category
meant that calls of 1/4 cusp Class Il and 1/2 cusp
Class Il were considered in agreement.

When appropriate, Kappa statistics?® were used
to evaluate observed agreement compared with
agreement that would be expected by chance,
with weighted Kappa statistics®# used for or-
dinal variables. Weighted Kappas allow differ-
ential weighting of disagreements, because
differences of three units of a measure are worse
than differences of one unit. One-sided Z-tests
were performed to determine the orthodontist
pairs for whom agreement greater than that due
to chance was present. Kappa values equal to
zero represent agreement equivalent to that ex-
pected by chance and 1.00 represents perfect
agreement. It has been suggested that Kappa val-
ues of less than 0.40 be interpreted to represent
poor agreement beyond chance, 0.40 to 0.74 rep-
resent fair to good (moderate) agreement, and
0.75 and above excellent agreement.®? The re-
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Table 1
Characteristics of the reliability sample
students and of all screened students.

Reliability Screened

sample students
Sample Size 52 6281
% Male 48.08 .51.43
% White 75.00 62.25
Mean Age 9.38 9.30
S.D. Age 0.77 0.76

sult and discussion sections will use this inter-
pretation.

To determine if individual orthodontists dif-
fered from the others, William’s index® was cal-
culated. This index is based on exact agreement
and compares the average agreement of one orth-
odontist with all others to the average agreement
of other pairs of orthodontists. A value of 1.00
indicates the agreement of the orthodontist un-
der consideration was similar to that of the rest
of the group. Using a jackknife estimate of vari-
ance,® 95% confidence intervals were con-
structed; an interval with an upper bound of less
than 1.00 indicates the orthodontist differs from
the group.

The target sample size for each session was 20
students. This was based on consideration of
agreement between two orthodontists regarding
a binary variable. A sample size of 20 yields ad-
equate power to detect moderate agreement,
with a probability of 0.72 of detecting an under-
lying Kappa value of 0.50. Using the combined
sample size of 52, there is good power (0.88) to
detect fair (or better) agreement (underlying
Kappa value of 0.40).

All procedures were performed on a Unix
workstation using SAS” and S-PLUS® statistical
software.” For all analyses, a P value of 0.05 or
less was considered statistically significant.

Resuilts

Characteristics of the reliability sample stu-
dents and all screened students are shown in
Table 1. This report focuses on the interexaminer
measurements obtained from the reliability
sample. As seen in the table, the randomly se-
lected reliability sample students were similar in
age, gender, and race to the population of stu-
dents from which they were selected.

Nineteen pairs of orthodontists reviewed stu-
dents in common,; six pairs reviewed all 52 stu-
dents, nine pairs reviewed 39 students, and four
pairs reviewed 13 students in common. Separate
analyses were performed on the data from each
of the three reliability sessions; results were simi-
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lar in each session. The combined results from
all three sessions are presented here.

A summary of exact agreement and agreement
within one category for each variable is pre-
sented in Table 2; minimum, median, and maxi-
mum values are listed. As shown, based on
consideration of median values, the highest ex-
act agreement (97.44%) occurred for the dichoto-
mous (yes/no) measure of posterior crossbite.
The continuous measures of incisor exposure
(median = 20.51%), overjet {46.15%), and
interlabial gap (48.72%) had lower exact agree-
ment levels than the ordinally scored measures
of anterior crowding (upper, 50.00%; lower
57.89%), molar classification (right, 55.56%; left,
68.42%), mandibular AP position (64.85%), over-
bite (69.23%), and maxillary AP position and fa-
cial convexity (both 76.92%). Agreement
improved considerably when agreement within
one category was allowed. (This was only pos-
sible when there were more than 2 ordered cat-
egories). As shown, median agreements within
one category were greater than 87% for overjet,
overbite, molar classification, and anterior
crowding. Incisor exposure and interlabial gap
had the lowest median agreements within one
category (<65%).

Since Kappa statistics are affected by unbal-
anced marginal distributions, these distributions
were examined and reasonable balance was ob-
served. This is displayed in Table 3, with mean
and standard deviation estimates used to sum-
marize the distributions for each variable and
each orthodontist. In this table, categorical vari-
ables are coded sequentially (e.g., maxillary AP
position is coded retrognathic = 1, orthognathic
= 2, prognathic = 3).

Table 4 presents a summary of the Kappa sta-
tistics with a column indicating the number of
pairs of orthodontists for which we could not
detect agreement better than chance. Incisor ex-
posure and interlabial gap were deleted from the
form before the final set of screenings, hence a
reduced number of pairs of orthodontists is
available for these variables. Kappa statistics can-
not be calculated when there is no variability in
the data (for example, both orthodontists agree
that no student reviewed in common had a pos-
terior crossbite). For 10 of 19 orthodontist pairs,
we could not detect agreement better than that
expected by chance for determining maxillary
AP position (retro, ortho, prog). This is in con-
trast to the findings for posterior crossbite, over-
jet, incisor exposure, molar classification, and
lower anterior crowding where all orthodontist
pairs had agreement significantly better than
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Pairwise percent exact agreement, a.::ib:sarzcent agreement within one category.
No. pairs Exact agreement Agreement within 1 category
orthodontists Median  Minimum Maximum Median  Minimum Maximum
Facial convexity 19 76.92 69.23 92.31
Maxillary AP position 19 76.92 64.10 100.00
Mandibular AP position 19 64.85 46.15 78.85
Posterior crossbite 19 97.44 94.23 100.00
Overbite 19 69.23 51.28 79.49 97.44 92.31 100.00
Overjet 19 46.15 23.07 64.10 92.31 82.69 97.44
Incisor exposure 15 20.51 7.69 76.92 58.97 38.46 89.74
Interlabial gap 15 48.72 5.13 64.10 64.10 25.64 76.92
Molar class, right 19 55.56 46.00 76.00 96.08 84.21 100.00
Molar class, left 19 68.41 46.15 81.08 94.74 86.84 100.00
Anterior crowding, upper 19 50.00 34.21 64.10 87.18 75.00 94.18
Anterior crowding, lower 19 57.89 30.77 66.67 92.31 76.92 100.00

chance. Of the 26 total pairs where we could not
detect agreement greater than expected by
chance, 14 cases involved the orthodontist (#7)
who had not participated in the initial planning
and had evaluated fewer students (individual
orthodontist data not shown).

As shown in Table 4, median Kappa scores in-
dicated that, while the facial convexity variable
had moderate agreement (0.48), measures of
maxillary and mandibular AP positions had poor
agreement (0.22 and 0.25). The dichotomous vari-
able posterior crossbite, with a median Kappa
score of 0.79, was characterized as having excel-
lent agreement. The median weighted Kappa sta-
tistics suggested poor agreement for incisor
exposure (0.24), interlabial gap (0.26) and upper
anterior crowding (0.36); moderate agreement for
lower anterior crowding (0.45), overbite (0.59),
overjet (0.67), and molar classification (right, 0.68;
left, 0.72).

Molar classification discrepancies were further
examined by plotting each orthodontist’s deci-
sion for each student. Recall that molar class is
coded in 1/4 cusp increments and that all seven
orthodontists did not examine each child. The
data for left molar class are displayed in Figure
1. Each line represents one student, numbered
arbitrarily, and each orthodontist’s decision is
identified. All orthodontists agreed exactly for
23 of the 52 students (44%). A range of two clas-
sifications was observed for 17 students (33%),
and a range of three classifications was observed
for 11 students (21%). The most extreme case of

a range of five classifications was observed for
one student (2%). Also note that of the 29 stu-
dents for which there were disagreements, 13
(45%) involved only one orthodontist disagree-
ing with all others.

Discrepancies in anterior crowding were also
further examined by plotting each orthodontist’s
decision for each student. The decisions for man-
dibular anterior crowding, upper, are displayed
in Figure 2. Note that exact agreement among all
orthodontists was present for only five of the 52
students (10%). A range of two classifications
was observed for 25 students (48%), and a range
of three classifications was observed for 12 stu-
dents (23%). One student’s crowding was clas-
sified in 5 of the 7 possible categories, including
the two most extreme ones.

Based on 95% confidence intervals for
William’s index (Table 5), agreement between
each orthodontist and the others was consistent
for facial convexity, posterior crossbite, molar
classification, and anterior crowding classifica-
tion. Differences were detected between one
orthodontist and the rest of the group for maxil-
lary and mandibular AP position and overbite;
however, the estimates of William’s index are all
greater than 0.80 in these cases. For overjet,
agreement percentages differed significantly for
one orthodontist, with an estimated William’s
index of 0.70 (95% confidence interval [0.49,
0.90]). This orthodontist had the highest mean
overjet value (Table 3). If we consider “exact”
agreement as +1 mm, the William’s index for this
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Table 3
Marginal distributions of orthodontic variables. Mean and standard deviation are listed.

Orthodontist 1 2 3 4 5 6 7

(n) (52) (52) (52) (52) (39) (39) (13)
Facial convexity

mean 1.48 1.29 1.37 1.31 1.49 1.36 1.38

s.d. 0.57 0.50 0.49 0.47 0.51 0.54 0.51
Maxillary AP position

mean 2.08 2.27 2.02 212 2.33 2.05 2.3

s.d. 0.39 0.45 0.14 0.32 0.48 0.32 0.48
Mandibular AP position

mean 1.70 1.96 1.63 1.79 1.85 1.69 1.77

s.d. 0.58 0.34 0.49 0.50 0.67 0.52 0.73
Posterior crossbite

mean 0.04 0.06 0.08 0.06 0.08 0.08 0.00

s.d. 0.19 0.24 0.27 0.24 0.27 0.27 0.00
Overbite

mean 1.58 1.65 1.60 1.42 1.64 1.38 1.69

s.d. 1.04 0.97 0.80 0.85 0.87 0.91 0.75
Overjet

mean 3.44 3.96 3.88 3.98 3.33 349 . 3.15

s.d. 2.30 2.43 2.45 2.1 2.64 2.51 1.68
Incisor exposure

mean 0.77 0.62 2.51 1.05 2.28 0.97 —

sd. . 1.51 1.43 1.59 1.99 1.26 1.40 —
Interlabial gap

mean 1.56 0.72 1.49 1.46 2.95 1.08 -

s.d. 2.35 1.61 1.97 2.62 1.19 1.75 —
Molar class, right

mean 4.20 4.16 4.25 4.20 4.33 4.38 4.46

s.d. 1.37 1.25 1.36 1.18 1.26 1.27 1.45
Molar class, left

mean 3.78 4.04 4.23 4.26 4.13 4.31 4.46

s.d. 1.51 1.25 1.41 1.24 1.65 1.30 1.13
Anterior crowding, upper

mean 2.65 2.85 2.55 2.88 3.10 2.85 2.92

s.d. 1.37 1.50 0.99 0.94 0.94 0.87 1.19
Anterior crowding, lower

mean 3.56 3.35 3.45 3.37 3.85 3.62 3.85

s.d. . 1.04 1.27 1.21 1.09 0.87 0.75 0.80
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orthodontist was 0.97. Discrepancies are appar-
ent in judging incisor exposure, with two orth-
odontists differing from the rest (William’s
indices of 0.47 and 0.49). A serious discrepancy
was detected between one orthodontist and the
rest for assessing interlabial gap, with an esti-
mated William’s index of 0.15 (95% confidence
interval [0.06, 0.25]). This is apparent in Table 3,
with orthodontist 5 having a mean value 1.4 mm
larger than any other orthodontist’s mean value.
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We also considered the possibility that discrep-
ancies could have been related to mandibular
positioning (centric relation/centric occlusion
discrepancies). Two orthodontists might dis-
agree on both molar classification and overjet
because of differences in registering mandibular
position (for example, one orthodontist using a
more retruded mandibular position than an-
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other). Table 6 presents cross-classified data for
molar class discrepancy and overjet discrepancy.
All decisions for all pairs of orthodontists are in-
cluded in this table. Overjet discrepancy was
defined as the absolute value of the difference
between the two orthodontists’ overjet calls.
Molar class discrepancy was defined as the sum
of the absolute value of the right and left differ-
ences. For example, if orthodontist A recorded
molar class right and left as 3 and 2, while orth-
odontist B coded 4 and 1, the molar class discrep-
ancy for this pair is 2 (abs[3-4] + abs[2-1]).

As shown in Table 6, 135 pairs of orthodontists
agreed exactly, with no discrepancy in molar
class or overjet; 96 pairs had a discrepancy of 1
unit in molar class decisions and 1T mm in over-
jet calls; 152 pairs had no discrepancy in molar
class decisions but 1 mm discrepancy in overjet
decisions; and 103 pairs had 1 unit of molar class
discrepancy, but no discrepancy in overjet deci-
sions. If a discrepancy in molar class was related
to a discrepancy in overjet, we might expect no
discrepancy in molar class to correspond with no
discrepancy in overjet, and a large discrepancy
in overjet to correspond with a large discrepancy
in molar class. However, the Spearman’s rank
correlation coefficient estimate for this data is -
0.06, suggesting that this is not the case. Since
differences in positioning might occur between
a specific pair of orthodontists, we tested each
pair separately to assess whether a linear rela-
tionship was present (i.e., larger discrepancy in
overjet associated with larger discrepancy in
molar class); this was not detected in 18 of the
19 pairs of orthodontists. (The same procedure
was used to evaluate molar class-overbite dis-
crepancies; this did not appear to be a common
occurrence.) These findings suggest that differ-
ences between orthodontists were not related to
differences in mandibular positioning.

Discussion

Third and fourth grade school children in
Alachua County, Florida, were screened to iden-
tify subjects for a prospective clinical trial evalu-
ating early Class II orthodontic treatment. The
variables of interest that were used as inclusion/
exclusion criteria for the clinical trial {molar re-
lationship, overjet, and overbite) were assessed
during the screening procedure. Additional data
were collected to characterize the population.

Since the orthodontists were not randomly se-
lected from a larger pool, the results on reliabil-
ity of individual measures cannot be generalized
to all practicing orthodontists. However, the re-
sults are the only available estimates of what a

Imprecision in orthodontic diagnosis

Table 4
Kappa statistics assessing pairwise agreement

No. pairs No. pairs Kappa
ortho-  chance
dontists agreement* Median Minimum Maximum

Anterior crowding, upper** 19
Anterior crowding, lower** 19

0.36 0.22 0.51
0.45 0.23 0.58

Facial convexity 19 4 0.48 0.30 0.85
Maxillary AP position 19 10 0.22 -0.06 1.00
Mandibular AP position 19 5 0.25 0.02 0.50
Posterior crossbite 15 0 0.79 0.37 1.00
Overbite** 19 1 0.59 0.29 0.78
Overjet** 19 0 0.67 0.45 0.84
Incisor exposure** 15 0 0.24 0.15 0.60
Interlabial gap™** 15 4 0.26 0.05 0.45
Molar class, right** 19 (4] 0.68 0.47 0.81
Molar class, left* 19 0 0.72 0.39 0.82

2

0

* Number of pairs of orthodontists in which agreement was not
statistically significantly better than that expected by chance
** Weighted Kappa statistic used

large-scale study might find. Due to the number
of variables under consideration, the number of
orthodontists, and the varying number of sub-
jects each orthodontist examined, a large num-
ber of statistical tests were performed. Because
of this, type 1 errors (rejecting the null hypoth-
esis when it is true) likely occurred. Also, be-
cause of the varying sample sizes, power differed
over the comparisons, with less power to detect
differences from the null hypothesis for ortho-
dontist 7. When considering the reliability of the
variables under review, results of all estimation
(e.g., percent agreement, William's index) and
testing were considered, and our conclusions are
not based on the occurrence of a single signifi-
cant test result.

Six of the seven examining orthodontists met
to design the screening form and participated in
training sessions to review the forms and exami-
nation procedures. Orthodontist 7, who gener-
ally had poorer agreement with the other
orthodontists, did not train with them. This em-
phasizes the importance of joint training when
collecting clinical data involving multiple exam-
iners, and supports the observations of others.!**
We did not detect agreement differences compar-
ing orthodontist 7 with the others (Table 5).
However, the sample size for these comparisons
was small, resulting in limited power to detect
differences.

The imperfect reliability of several measures
assessing malocclusion indicates that the assess-
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molar class left decision anterior crowding (upper) decision
Figure 1 Figure 2
Figure 1 (centric) occlusion, indicated that differences in

Left side molar classification score of each orthodontist for each of the
children. Each horizontal line represents one child, N=52. For each child,
the molar classification score for the left side as determined by each
orthodontist is indicated. For example, orthodontist #4 scored the left
molar relation as a Class | in child 1 (Line 1), while orthodontist #7 scored
this relation as a 3/4 Class lll for the same child. Not all orthodontists
examined each child.

Figure 2

Maxillary anterior spacing/crowding scores of each orthodontist for each
of the children. Each horizontal line represents one child, N=52. For each
child, the maxillary spacing/crowding score as determined by each orth-
odontist is indicated. For example, orthodontist #1 scored the maxillary
spacing/crowding as greater than 6 mm of space in child 1 (Line 1), while
orthodontists #5 and #6 scored no maxillary spacing/crowding for the
same child. Not all orthodontists examined each child.

ment of prevalence rates of malocclusion traits
remains problematic. For measures having poor
reliability, a population characterized by one
examiner or group of examiners cannot be di-
rectly compared with a different population ex-
amined by others; differences could be due to
differences between examiners and not popula-
tions. The precision and power of a study to de-
tect differences will be attenuated if considerable
error variance is due to examiner differences;
such differences tend to obscure treatment effects
when they exist because they result in less pre-
cise estimates of population parameters.*
Achieving reliability in clinical examinations is
difficult because both the patient and clinician
must be checked.?® We speculated that several
important signs of malocclusion (molar class,
overjet, overbite) may change spontaneously due
to differences in mandibular position as deter-
mined by the patient and/or examiner. How-
ever, our data, based upon the use of habitual
388
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registering mandibular position most likely did
not contribute to interjudge errors, as disagree-
ments in molar class were not associated with
disagreements in overjet or overbite. Thus, dif-
ferences in molar classification, overjet, and over-
bite among examiners were more likely due to
differences in opinion than differences in exami-
nation technique. Whether the use of centric re-
lation to register mandibular position would be
more or less reliable was not examined.

Dworkin et al.”* found the average reliability of
judging molar class (Class L, II, or III) in adults
by hygienists who have been retrained and who
use calibrated methods, to be excellent (Kappa
= 0.78), while uncalibrated dentists showed poor
reliability (Kappa = 0.37). Our data on children
suggest that orthodontists who have trained to-
gether have a very acceptable level of reliability
(median Kappas of 0.68 and 0.72 on the two
sides) in judging molar class, even when using
a more rigorous scale divided into 1/4 cusp in-
crements.

Dworkin’s group also reported good agreement
using interclass correlation (ICC) among re-
trained hygienists (ICC = 0.88) and among
uncalibrated dentists (ICC = 0.79) in measuring
horizontal overjet in millimeters,”® where 1CCs
greater than 0.75 are interpreted as acceptable
agreement.” Our data, when converted to ICCs,
also support acceptable reliability of judging
overjet (0.85) and molar class (0.86) in the clini-
cal setting.

As a result of the earlier reliability sessions,
data on incisor exposure and interlabial gap were
dropped from the latter sessions because of poor
agreement. Assessment of maxillary and man-
dibular horizontal positions also had poor reli-
ability. Although this could arise due to
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William’s indices for each orthodontist am.ir a\‘ll.'::\lr?asble. An * indicates orthodontist agreement
differs from group, with a 95% confidence interval upper bound of less than 1.
Orthodontist 1 2 3 4 5 6 7
(n) (52) (52) (52) (52) (39) (39) (13)
Facial convexity 0.97 0.98 1.04 0.97 1.04 1.04 0.67
Maxillary AP position 1.03 0.93 1.03 1.06 0.85* 1.10 0.99
Mandibular AP position 0.94 1.03 1.09 1.09 0.82* 1.09 0.76
Posterior crossbite 0.99 0.97 0.99 1.02 1.02 1.02 1.00
Overbite 0.82* 0.96 1.12 1.10 1.00 1.03 1.01
Overjet 1.11 1.04 1147 0.70* 0.85 1.28 0.81
Incisor exposure 1.39 1.53 0.47* 1.12 0.49” 1.39 —
Interlabial gap 1.21 1.50 1.23 1.12 0.15* 1.25 —
Molar class, right 0.88 1.06 1.10 1.08 0.95 0.94 0.89
Molar class, left 0.95 0.96 1.15 1.02 0.96 1.02 0.80
Anterior crowding, upper 1.04 1.01 0.97 1.02 0.80 1.18 0.98
Anterior crowding, lower 0.87 1.15 1.1 0.84 0.96 1.01 1.39
misinterpretation of instructions or form comple-
tion errors, we agree with others® that this very . 1"a_b|e 6 . .
- Number of paired decisions by orthodontists with
poor level of agreement sug_gest§ that chm'cxans specified overjet-molar class discrepancy;
have conceptual and evaluative differences in the percent of total given in parentheses
interpre:cation of a patient’s probl‘ems. This may VioTar class Overjet discrepancy
reflect d1ffe1jences in tre:.;\tr_nent philosophy, .treat— discrepancey O 1 5 3 4
ment technique, or training among examiners.
This, of course, raises an issue the specialty must 0 135 152 26 9 3
someday resolve —the lack of a diagnostic “gold (19.54) (22.00) (3.76) (1.20) (0.43)
standard,” which permits one’s treatment phi- 1 103 96 20 6 0
losophy or treatment technique preferences to (14.91) (13.89) (2.89) (0.87) (0.00)
drive one’s diagnostic view. Whether these dif-
ferences actually reflected different treatment 2 54 38 8 0 0
philosophies or technique preferences was not (7.81) (5.50) (1.16) (0.00) (0.00)
directly examined. 3 8 7 5 0 0
The poor to fair reliability of the crowding mea- (1.16) (1.01) (0.72) (0.00) (0.00)
sure may be r‘elated to .the ordi1.1a1 manner of . ‘o o » ] ]
scoring crowding. Examiners obviously applied
differegnt cut-offg. Displacement score}; tgpesti- (1.45) (0.87) (0.29) (0.14) (0.14)
mate crowding as used in the Treatment Prior- 5 0 1 0 0 0
ity Index! and the Occlusal Index? should be (0.00) (0.14) (0.00) (0.00) (0.00)

examined in the clinical setting. Interexaminer
errors also can be attributed to errors in complet-
ing the screening form. Large differences in judg-
ing spacing/crowding in Figure 2 are most likely
due to form completion errors and not true dis-
agreements.

These findings of poor to moderate reliability
among orthodontists for many of the common
malocclusion descriptors reveal that clinical orth-
odontic diagnostic language is imprecise. If these
data are representative of the usual use of these
diagnostic terms by the specialty, these findings

suggest that methods to improve diagnostic
terms should be considered. These may include
altering measurement scales, more rigid defini-
tions and/or a more systematic approach to
training orthodontists. The lack of a very precise
language may limit the specialty’s ability to con-
struct an index of malocclusion to assess treat-
ment need or malocclusion severity.

Finally, it should be pointed out that these data
reflect interexaminer reliability during mass
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screenings of children in their schools with the
child standing erect in front of a seated exam-
iner. Improved reliability might result if the ex-
aminations had been conducted in a practice
setting (dental chair, better lighting, more time
per student).

Conclusions

The results obtained from studying the
interexaminer reliability of clinical measures of
malocclusion during the screening of children
support the following conclusions:

1. The reliability of determining maxillary and
mandibular anteroposterior positions, maxillary
incisor exposure and interlabial gap during pro-
file and frontal clinical examination is poor.

2. Acceptable, but moderate, reliability exists
for judging facial convexity, overbite, overjet,
and molar classification.

3. Excellent reliability exists for judging poste-
rior crossbites.

Finally, these findings suggest that examiners
should be trained prior to and during the collec-
tion of clinical malocclusion data to increase re-
liability and reduce bias. Further studies are
indicated to improve the reliability of current
clinical measures describing malocclusion.

Vol. 66 No.5 1996
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