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Introduction: The aim of this study was to distinguish between orthodontic patients with skeletal Class III mal-
occlusions requiring surgery and those not requiring surgery by conducting a receiver operating characteristic
analysis of cephalometric variables. Methods: We used lateral cephalometric radiographs of 80 subjects (40
nonsurgical and 40 surgical patients) with Class III malocclusions and obtain 25 cephalometric measurements
using computerized cephalometry. Of these, 14 measurements showed statistically significant differences be-
tween the 2 groups. Receiver operating characteristic analysis was used to determine the ability of the 14 ceph-
alometric measurements in distinguishing between the 2 groups. Six statistically validated and clinically relevant
measurements were used to obtain the optimum discriminant effectiveness. Results: For a Class III malocclu-
sion patient with any 4 of these 6 measurement criteria, the sensitivity was 88% and the specificity was 90% in
determining the need for surgical treatment: overjet, #–4.73 mm; Wits appraisal, #–11.18 mm; L1-MP
angle, #80.8�; Mx/Mn ratio, #65.9%; overbite, #–0.18 mm; and gonial angle, $120.8�. Conclusions: We se-
lected 6 cephalometric measurements as the minimum number of discriminators required to obtain the optimum
discriminant effectiveness of diagnosis between surgical and nonsurgical treatment of skeletal Class III maloc-
clusions. (Am J Orthod Dentofacial Orthop 2011;139:e485-e493)

AClass III malocclusion is a difficult anomaly to
correct, especially with only orthodontic means.
This class of malocclusion is a common clinical

problem in orthodontic patients of Asian or Mongoloid
descent.1-5 A Class III malocclusion is largely a skeletal
type of occlusal variation (63%-81%).2,6-8 These
skeletal abnormalities result from growth disharmony
between the maxilla and the mandible, and thus
produce a concave facial profile. Patients with skeletal
Class III malocclusions exhibit maxillary retrusion,
mandibular protrusion, or a combination of both.9,10

There are 3 main treatment options for skeletal Class
III malocclusions: growth modification, orthodontic
therapy, and orthognathic surgery combined with ortho-
dontic treatment.11,12 Maxillofacial growth modification
with dentofacial orthopedic appliances is an effective
method for resolving skeletal Class III jaw discrepancies
in children.9,13-15 Correcting this problem in adults
requires orthognathic surgery in conjunction with
orthodontic treatment.11,12

Receiver operating characteristic (ROC) analysis is an
excellent method for evaluating and comparing the
performance of diagnostic tests.16,17 Wardlaw et al18

used ROC analysis to evaluate the relationships between
several cephalometric measurements and anterior open
bite. They found that the overbite depth indicator had
the highest diagnostic value in discriminating between
patients with and without open bite.19
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Not all adult Class III patients are candidates for
surgical correction. Patient assessment and selection
are the main issues in diagnosis and treatment plan-
ning.20 The purpose of this study was to distinguish
between surgery candidates (surgical group) and non-
surgery candidates (nonsurgical group) with skeletal
Class III malocclusions by using ROC analysis of
cephalometric variables.

MATERIAL AND METHODS

The subjects included 40 men and 40 women with
Class III malocclusions, whose mean age before treat-
ment was 23 years (range, 18-34 years). The criteria
for inclusion in the study were a Class III molar relation-
ship, a negative overjet, an ANB angle less than 0�, and
a Wits appraisal less than –1 mm. Consecutive patients
were selected and divided into 2 groups, each with 20
men and 20 women. Those who had received orthodon-
tic therapy alone made up the nonsurgical group; those
who had required orthognathic surgery of mandibular
setback combined with orthodontic treatment com-
prised the surgical group. Some patients were excluded
from the study because complete records were lacking.
We also excluded subjects with craniofacial syndromes,
cleft lip or palate, and trauma history.

The goals of orthodontic treatment, with or without
orthognathic surgery, are to achieve harmonious facial
esthetics and a functional occlusion, but soft-tissue
changes also play an important role in evaluating treat-
ment effects. The Taiwan Board of Orthodontics intro-
duced an objective grading system for assessing
posttreatment dental casts and panoramic radiographs
similar to that of the American Board of Orthodontics
and supplemented by lateral cephalographs.21 The Tai-
wan Board of Orthodontics objective grading system
evaluates 20 criteria. In this retrospective study with
this grading system, we evaluated orthodontic and
orthognathic surgical patients who were consecutively
completed in 2006 to 2009. The mean scores for ortho-
dontic patients were 78%. There were 1 patient in the
“slightly improved” category and no patients in the
“worse" or "no improvement” categories. The mean
scores for orthognathic surgical patients were 74%.
There were no patients in the “worse," "no improve-
ment," or "slightly improved” categories. A mean score
of more than 70% represents a high standard of
treatment in the “greatly improved” category. The
mean scores of this study indicate excellent-to-good
treatment results for both groups.

In this study, we used lateral cephalometric radio-
graphs obtained before treatment. A correction of 10%
was made for the magnification of the linear measure-
ments from each cephalogram. Thirty cephalometric

landmarks on the craniofacial complex were identified
and digitized (Fig 1). A computerized cephalometric sys-
tem, Winceph (version 8.0, Rise, Sendai, Japan), was
used to obtain 25 cephalometricmeasurements, including
12 angular, 9 linear, and 4 ratio variables (Table I).
Descriptive statistics, including means, standard devia-
tions, and Student t tests results, were computed for
each measurement (Table II). We selected 25 cephalomet-
ric measurements that were used in previous studies.
The Bonferroni adjustment with an alpha level of
0.002 (0.05/25) was applied as a multiple-comparison
correctionwhen several statistical tests were performed si-
multaneously. The most suitable measurements were sta-
tistically validated and clinically relevant.22Measurements
that were statistically different between the 2 groups with
the 2-sample t test and the Bonferroni adjustment were
further analyzed by the ROC curve analysis.

Systematic measurement errors were estimated by
means of paired Student t tests, and the random method
error (ME) was quantified with Dahlberg’s formula,
ME 5 OSd2/2n, where d is the difference between
duplicate measurements and n is the number of double
measurements.23,24

We study used the ROC analysis and the area under
the curve (AUC) to determine the set of cephalometric
measurements for the best discrimination between or-
thodontic therapy and orthognathic surgery. The ROC
curve is a plot of sensitivity (true positive rate) on the
y-axis and 1−specificity (false positive rate) on the x-
axis. The different points on the curve correspond to dif-
ferent cutoff points used to designate the surgery
group.25 The AUC is generally considered a reasonable
summary of the overall diagnostic accuracy of the con-
tinuous variables. In general, for 2 variables, the variable
with higher AUC is considered a better indicator for the
surgery group. For each ROC curve, a cutoff point that
yields the best combination of sensitivity and specificity
can be identified to provide a recommendation for
surgery. All data analyses were performed by using SAS
software (version 9, SAS Institute, Cary, NC).

RESULTS

To assess errors in the cephalometric digitizing, 1 in-
vestigator (C.Y.L.) digitized 20 randomly selected lateral
cephalographs. The same investigator redigitized the
same cephalographs after an interval of 2 weeks. The
method errors between the double measurements were
analyzed. No significant differences appeared between
the 2 sets of repeated measurements. The method errors
were between 0.16 and 0.29 mm for linear measure-
ments, between 0.26� and 0.60� for angular measure-
ments, and between 0.14% and 0.30% for ratios. The
intraclass correlation coefficients were from 0.973 to
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