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Proper statistical analysis is an absolutely essential tool for both clinicians and researchers attempting to
implement evidence-based decisions. When analyzing reliability, statistical graphic representation is the best
method. Other previously published error studies of 2-dimensional measurements, such as cephalometric
landmarks, have inappropriately applied 1-dimensional approaches, such as linear or angular measurements.
The aim of this article is to illustrate a graphic presentation method that can be applied to 2-dimensional data
sets.We propose that this technique can show errors in both the x-axis and the y-axis simultaneously and should
be used when reporting the reliability of a 2-dimensional data set. Our prediction error analysis of soft-tissue
changes after orthognathic surgery will be presented as an example. By using different colors in each ellipse,
this method can also identify any between-group differences. (Am J Orthod Dentofacial Orthop 2013;144:315-8)

Reliability studies are conducted in experimental
or survey situations to assess the level of
observer variability in the measurement proce-

dures to be used in data acquisition or investigation.1

Several related measurements might be taken on
1 subject. For example, measurements of the teeth,
dentition, jaw bone, and soft-tissue covering are
correlated (or clustered). A problem might arise if
clustered observations are erroneously treated and
analyzed as separate (independent or nonclustered)
observations.2-6 Orthodontics, a unique specialty in
dentistry, also has unique problems with which
conventional methods cannot properly deal. This is
because orthodontic treatment involves numerous
variables in the dentition, skeletal configuration, and
soft-tissue responses that are all clustered in a subject.
Therefore, to properly consider the correlation among
variables, a more sophisticated method than the ordinary
analysis and interpretation method should be applied.7-9

The commonly used orthodontic cephalometric
points, which have x and y Cartesian coordinates
(axes), are examples of measurements that should not
be considered separately but as clustered data sets. Let
us suppose that we need to know the identification error
of a specific cephalometric landmark, or, using cephalo-
metric analyses, we are going to measure the accuracy of
predicting an orthognathic surgical result. In these cases,
we are analyzing deviations between predicted and
actual results. An issue might arise, since the location
of a cephalometric landmark has 2 measurements,
in the x-axis and the y-axis. In other words, in a
cephalometric error study, 1 variable has 2 values that
are correlated. Even in the polar system, which uses
angles and distances instead of the x-axis and the
y-axis to identify points, there are still 2 variables to
each cephalometric point. Therefore, how can we
properly express the reliability measure of 1 cephalo-
metric landmark? How we can report a reliability
measure of a 2-dimensional (2D) variable? In our
investigation, with the exception of only a few articles,
we could not identify in the orthodontic literature an
error report or a reliability measure that simultaneously
expressed 2D errors in the 2D plane.7,10

We have previously suggested a simple modification
of the Bland-Altman plot for use in both simultaneous
intraobserver and interobserver reliability situations.11

However, since the Bland-Altman plot demonstrates
the pattern and the magnitude of an error in only
1 dimension at a time, we therefore need a 2D approach
that would be more appropriate in reporting 2D reli-
ability than the conventional 1-dimensional approach.
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By proposing a 2D graphic presentation style for a
cephalometric 2D data set that can visualize both
x-axis and y-axis errors simultaneously, the aim of this
article is to illustrate a graphic presentation method
that can analyze the errors in 2D data sets.

CRITICISMS OF PREVIOUS REPORTS EVALUATING
ANGULAR OR LINEAR MEASUREMENTS AND THE
LIMITATION OF THE BLAND-ALTMAN PLOT FOR 2D
CEPHALOMETRIC DATA

Traditionally, in studies with cephalometrics, errors
of measurement are considered to arise from both the
actual identification of the landmarks and the linear or
angular measurements derived from those landmarks.
Since cephalometrics has not been an exact science,
we orthodontists recognize that certain latitude
must be granted to a person tracing cephalometric
radiographs and that errors are likely to occur.12

Traditionally in cephalometrics, landmark identification
errors or prediction errors have been most commonly
reported with 1-dimensional variables, such as linear
or angular measurements: ie, linear measurements
between 2 landmarks separately in either the horizontal
(x-axis) or the vertical (y-axis),13-18 or degrees of angles
among 3 points.17-19

The problems associated with the reliability of linear
and angular measurements are that a linear measure-
ment is formed from 2 points and an angle is formed
from 3 points. Measuring errors by using linear and
angular measurements cannot pinpoint the error from
the related points. In general, a distance measurement
is more precise or reliable than an angular measurement.
For example, when reporting the reliability of a
measured angle, such as ANB (SNA–SNB), the source
of error could be partly due to the unreliability of
locating any of the 3 related points (nasion, Point A,
and Point B), and the variation among the location of
the points can also be compounded when determining
the measured angle.20 In some situations, the points
themselves might not be significantly different but,
when added together, produce a different angle.21

With regard to the 1-dimensional graphic visualiza-
tion of the error report, Bland and Altman22 developed
a simple, intuitive, and easy method to show a reliability
measure between 2 variables. Their simple descriptive
analysis permits the assessment of the agreement
between 2 imperfect clinical measurements or the
repeatability of duplicate observations. As long as
there is only 1 variable, the Bland-Altman plot can
be used to evaluate both intraobserver and interobserver
reliabilities. This method has become increasingly
popular in orthodontic publications.11 Nonetheless,
when a variable has a 2D entity, the Bland-Altman plot

cannot visualize both x-axis and y-axis errors
simultaneously in the 2D plane.

RELIABILITY REPORTS FOR 2D DATA IN THE 2D
PLANE

In this section, we use a real clinical example for
illustration. These data are from a clinical study by
Suh et al7; it suggested the appropriateness of a new
method (method 2) over the conventional least-
squares method (method 1) to predict soft-tissue
changes after orthognathic surgery. The subjects
included patients (n 5 69) who had undergone surgical
correction of Class III mandibular prognathism by only
mandibular setback surgery. In this example, we selected
2 simple but important cephalometric landmarks—soft-
tissue pogonion and soft-tissue menton—from among
the variables in the original study. After applying the
conventional least-squares prediction method to
the test data set (also called the validation data set),
the result of the prediction errors (or the systematic error,
also called bias) did not show a significant difference in
either the x-axis or the y-axis. However, since overesti-
mations and underestimations of the predictions
essentially cancel themselves out when mean values
are derived, a comparison test using the mean values
in a reliability report is not appropriate.7 A graphic
representation is again the best method.

In a 2D situation, a scattergram can be plotted in
2D space. In a scattergram, a negative value indicates
that the prediction is more posterior in the x-axis or
more superior in the y-axis compared with the actual
result (Fig). If, and only if, errors in both the x-axis
and the y-axis were normally distributed (Gaussian)
and the x-axis and the y-axis did not show a linear
association between them (no correlation) and the
2 errors have the same variance, the plots would form
a perfect circle. Usually, this can be seen by standardiza-
tion: ie, subtracting means from individual values and
then dividing by their standard deviations. In most cases,
the plots form an ellipse with some deformation. After
plotting the errors, ellipses can be depicted (Fig). The
ellipsoid satisfies (z–m)T S�1 (z–m) # c2 (a)2, where z
is the 2D (x and y coordinates) vector for the error, m is
the mean vector for z, S�1 is the inverse matrix of
the covariance matrix, and c2(a)2 is the upper
95th percentile of a chi-square distribution with 2
degrees of freedom.23

A scattergram with an ellipse representing plot points
is essentially a 2D extension of the Bland-Altman plot. A
Bland-Altman plot has 2 horizontal lines, the lower and
upper agreement limits; they indicate which plotted data
points are within the mean difference 6 2 SD.22 The
range between the lower and upper limits also indicates
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