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Abstract

Objective: To determine the association between the anteroposterior relationship of the dental arch and the jaw-
base in a random sample of orthodontic patients.

Materials and Methods: 478 pretreatment lateral cephalometric radiographs and study models were evaluated.
Cephalometric analysis using Dolphin software to measure the ANB angle and Wits appraisal was performed, and
Angle’s classification was evaluated.

Results: The agreement of the sagittal classification of the dental arch was higher with the anteroposterior
relationship of the jaw-base using ANB angle (57.7%) than with Wits appraisal (43.7%). Agreement of molar relation
and both ANB and Wits was higher in Class I cases (79.5% and 84% respectively). The correlation coefficient value
between ANB and Wits was 0.727. A statistical significant regression between ANB and Wits was found.

Conclusions: It is evident that the Angle classification of occlusion will not reveal the full picture of the
dentofacial deformity, and the three methods of anteroposterior classification agree in only one out of every three
individuals.
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Introduction
The relationships between craniofacial morphology and

malocclusion have long been of interest to orthodontists. Angle’s
classification of malocclusion is based on the mesiodistal relationship
between the upper and lower dental arches [1]. Subsequent studies
revealed that the dental arch relationship is largely affected by the
facial skeleton upon which the teeth are invested [2-4]. Bjork reported
that local changes confined to the teeth can exercise a limited effect on
the discrepancy in the relationship between the upper and lower dental
arches, whereas facial or cranial configurations may produce marked
effects [2,3]. Few studies have investigated the relationship between
the anteroposterior dental arch and jaw-base relationships. Taylor
pointed out that ANB difference is not always a true indication of the
apical base relationship. Certain changes in the relative position of
Nasion to points A and B influence the degree to which ANB fails to
reflect apical base relationship [5]. In Finnish children, Haavikko and
Hele reported that every Angle class includes a large proportion of
atypical facial types [6]. The anteroposterior dysplasia indicator
(APDI) was found by Kim to be the cephalometric measurements that
would produce the highest correlation against the displacement of the
molar relationships [7]. Milacic and Markovic reported that 85% of
Angle Class III individuals had identical dental and skeletal
relationships [8]. Glisic and Jaksic investigated Schwarz's and Steiner's
cephalometric analyses, and they found that both methods agreed on
the same skeletal relationship in only 58.6% of all investigated cases
[9].

Zhou et al. found that the anteroposterior relationship of the dental
arch and the jaw-base fail to match in at least one out of every three
individuals, and the linear measurement of anteroposterior jaw-base
relationships is a more valid reflection of the dental arch relationship
than angular measurements [10].

Within the orthodontic community, the issue of whether the
anteroposterior dental arch correlates with the jaw-base relationship
and thus whether more than one assessment needs to be included in
orthodontic diagnosis and treatment planning is still not clearly
determined. This study aimed to investigate the association between
the anteroposterior dental arch and the jaw-base relationships
evaluated by two widely used cephalometric measurements in a
sample of orthodontic patients.

Materials and Methods
Pre-treatment dental casts and lateral cephalometric radiographs

were obtained randomly after searching through 3400 files from the
archive of the Orthodontic Clinic at the College of Dentistry, King
Saud University. 478 patients who fulfilled the following inclusion
criteria formed the sample of the study:

All subjects should be in the permanent dentition stage.

Complete pre-treatment records taken within a period of 6 months.

Patients with syndromes, developmental anomalies, extraction of
any permanent teeth, and history of a previous orthodontic treatment,
prosthodontic treatment or trauma to any tooth before the
commencement of orthodontic treatment were excluded.
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One trained examiner assessed the molar relationship
(anteroposterior dental arch relationship) on the basis of Angle’s
definition. Molar Class I was defined as occurring when the
mesiobuccal cusp of the upper first molar occludes with the
mesiobuccal groove of the lower first molar or within the range of less
than half a cusp width anteriorly or posteriorly. Cases that were
determined to have an asymmetric molar relationship were excluded.
Cephalometric radiographs were digitized and analyzed using Dolphin
Imaging 10.0 software (Dolphin Imaging and Management Solutions,
Chatsworth, California) and the following measurements were
obtained:

ANB angle [11]: Subjects were classified into different malocclusion
groups based on the following criteria:

Skeletal Class I: 0° to 4°

Skeletal Class II: > 4°

Skeletal Class III: < 0° [12-14]

Wits appraisal: The sample size, mean and standard deviation
derived from the Jacobson study were used to pool the male and
female measurements [15]. Accordingly, the following ranges of the
skeletal classes were defined:

Skeletal Class I: -1.8 to 0.8 mm

Skeletal Class II: > 0.8 mm

Skeletal Class III: < -1.8 mm

Analysis of the Data
Data were evaluated using Statistical Package Software System,

version 13 (SPSS Inc., Chicago, Illinois), and the level of significance
was set at p<0.05. The following tests were used:

Error of Method: for intra-examiner reliability, measurements were
compared statistically using paired t-test and coefficient of reliability,
and no statistically significant differences were observed between the
first and the second readings of ANB and Wits using paired t-test
(p>0.05). The coefficient of reliability was 0.970 for the two ANB and
Wits measurements.

Association between the anteroposterior relationship of the dental
arch and the anteroposterior relationship of the jaw-base:

Chi-square was used to evaluate the presence of an association.

Kappa statistics was used to measure the association.

One-way ANOVA: to determine the differences in the mean values
of ANB and Wits across molar classes.

Correlation and regression between ANB and Wits.

Results

Agreement between molar classes and ANB skeletal classes
Cross tabulation chi-square showed that the distribution of

different molar classes among the skeletal classes was uneven
(p<0.0001). Kappa statistic showed that there is a statistically
significant fair agreement between molar classes and ANB skeletal
classes (Table 1). The agreement was significant in male and female
groups. Among males (n=226), the agreement between molar classes

and ANB skeletal classes was found in 57.5% of the patients, while in
females (n=252), the agreement was found in 57.9%.

Molar
Relation

ANB Total chi-square
(p-value)

Kappa (ƙ)
Statistic

(p-value)Class I Class II Class
III

Class I 198 127 19 344

(p<0.0001)*
0.219

(p<0.0001)*

% 41.40% 26.70% 3.90% 72%

Class II 34 58 1 93

% 7.10% 12.10% 0.21% 19.50%

Class III 17 4 20 41

% 3.50% 0.84% 4.20% 8.50%

Total 249 189 40 478

52.10% 39.50% 8.40% 100%

*Statistically significant

Table 1: Agreement between anteroposterior molar relation and ANB
angle

Agreement between molar classes and Wits appraisal classes
Chi-square and Kappa statistic showed that there was a statistically

significant fair agreement between molar classes and Wits skeletal
classes (p<0.0001) (Table 2). This agreement was also evident in both
males and females. Among males, the agreement was found in 44.7%
of the patients, while in females, it was present in 42.8%. Twenty-nine
percent of the patients had identical anteroposterior classes in dental
arch and jaw-base relationships determined by ANB and Wits analyses
(69 Class I, 49 Class II, and 20 Class III).

Molar
Relation

Wits Total chi-square
(p-value)

Kappa (ƙ)
Statistic

(p-value)Class I Class II Class
III

Class I 110 102 132 344

(p<0.0001)*
0.198

(p<0.0001)*

% 23% 21.30% 27.60% 72%

Class II 18 64 11 93

% 3.80% 13.40% 2.30% 19.50%

Class III 3 3 35 41

% 0.63% 0.63% 7.30% 8.50%

Total 131 169 178 478

27.40% 35.40% 37.20% 100%

*Statistically significant

Table 2: Agreement between anteroposterior molar relation and Wits
appraisal
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Comparing the mean values of ANB and Wits across
different molar classes

One-way ANOVA showed that there were statistically significant
differences in the mean values of ANB and Wits across the molar

classes (p<0.0001). Post Hoc tests revealed that the ANB and Wits
mean values were statistically significantly higher in Class II molar
relation than in other molar classes (Table 3).

Skeletal Relation Molar Relation Total ANOVA

Class I Class II Class III (p-value)

(n=344) (n=93) (n=41)

ANB (°) 3.305±2.172 4.647±2.254 -0.068±3.403 3.277±2.318 (p<0.0001)*

Wits (mm) -0.888±3.088 2.381±3.261 -6.212±5.124 -0.710±3.343 (p<0.0001)*

*Statistically significant

Table 3: ANB angle and Wits appraisal values across molar classes (means±SD)

Correlation of ANB and Wits values across molar classes
Pearson correlation test was used to determine the correlation of

ANB and Wits values across the molar classes, and all correlation
coefficients were highly statistically significant:

In Class I molar relation: r-value = 0.743.

In Class II molar relation: r-value = 0.758.

In Class III molar relation: r-value = 0.746.

The overall correlation coefficient between ANB and Wits was
0.727 (Figure 1).

Figure 1: Correlation between ANB angle and Wits appraisal

Regression between ANB and Wits
Regression test showed that there was a statistically significant

relationship (p<0.0001) between ANB and Wits values, in which 55.2%
change in ANB values can be explained by Wits.

Discussion
The use of cephalometric radiography in orthodontic research and

clinical practice adds an important value to the dental records in

precisely measuring dentofacial structures and evaluating treatment
outcome. Conflicting results that may be brought by cephalometric
assessments and lack of agreement with dental cast classifications
contribute to the low ‘weight’ of lateral cephalometry in the
therapeutic decision-making process by the orthodontist [16-18]. This
study revealed that Angle classification of occlusion is not always a
true indicator of the underlying skeletal deformity, and it reports areas
of agreement of the popular methods for assessing dentoalveolar
sagittal relationship.

In the present study, the agreement between molar relations and
ANB angle was 57.7%, however, Milacic and Markovic reported a
higher concordance between molar relation and skeletal relation using
ANB angle (75%) [8]. Zhou et al. found that the anteroposterior dental
arch relation did coincide with the jaw-base relationships, as expressed
by the ANB angle in 61%, a percentage closely matching our results
[8,10]. A possible explanation for the difference between our results
and those reported by Milacic and Markovic could lie in their sample
which included subjects in the mixed dentition stage. First permanent
molars tend to assume an end-to-end relationship when they first
erupt in the mixed dentition before their transition into Class I
relationship due to the differential mandibular growth and the mesial
shift into the leeway space [19].This dental relationship along with
relatively deficient mandible before it gradually catches up may have
affected the outcome Milacic and Markovic reported [8].

This study showed an agreement between molar relationship and
Wits appraisal that was lower than the percentage reported by Zhou et
al. (43.7% vs. 67%) [10]. These differences might be due to the
methodology employed by the two studies. Zhou et al. reported that
they classified the skeletal malocclusion into Class I if it falls within the
range of the mean value of the sample ± one standard deviation. Thus,
the range of skeletal Class I in their study using Wits was significantly
wide (-7.0 to -1.6 mm) [10]. Our criteria in classifying skeletal
malocclusion were consistent with Wits normal ranges, and it should
represent more closely the reported distribution of the skeletal
classification. The reported concordance between ANB and Angle
molar classification was higher in Class I cases, this was in agreement
with Zhou et al. [10]. In addition, the agreement percentages in Class
II and Class III malocclusions were also similar in the two studies.

The least agreement in our results was between Class III molar
relation and skeletal evaluation using Wits appraisal. This might be
explained by the fact that molar relation is affected by several factors,
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including mandibular plane angle. It has been shown that increased
mandibular plane angle leads to a more posteriorly located lower first
molars [20]. In addition, it has been illustrated previously that Saudi
patients have a tendency towards an increased mandibular plane angle
[21]. This could lead to a skeletal evaluation of a Class III relationship
by Wits appraisal, but due to the increased mandibular plane angle,
the lower first molars will be located more posteriorly and a
malocclusion of Class I or Class II molar relation will result. In
addition, in our sample a few Class III molar relations were included
and this may have contributed to the low agreement between Class III
molar relation and Wits classification. ANB angle is also strongly
influenced by geometric factors, and the absolute value of ANB
increases with the length of the vertical distance between the points A
and B [22]. This may have contributed to the larger percentages of
cases diagnosed with Class I and II malocclusion in the sample
compared to Wits that classified more patients as Class III. It is thus
evident that the Angle classification of occlusion, which is based on the
dental arch relationship alone, will not reveal the full picture of the
dentofacial deformity, not even in the sagittal plane. This was in
accordance with other studies [6,8,10].

Orthodontic patient samples can be heavily biased. It was reported
from the Milacic and Markovic study that dental arch and skeletal
Class III classification coincide in 85% of patients, whereas results
from our study, Haavikko and Helle, and Zhou et al. demonstrated
that the agreement between ANB and Class III molar relation is far
less. This might be due to the small number of Class III patients
included in the Milacic and Markovic study [6,8,10].

We found that ANB and Wits mean values were statistically
significantly higher in Class II molar relation than in the other molar
relationships. This follows the logical agreement between the skeletal
relationship and the molar relation since that high ANB and Wits
measurements usually indicate Class II relationship.

Our results revealed that the correlation coefficient (r-value), which
represents the probability to predict the variables from one another,
was relatively moderate between ANB and Wits values. Horowitz and
Hixon have stated that “Correlation coefficient of less than r=0.7 or
r=0.8 has little predictive value when compared to an individual. A
correlation coefficient of r=0.7 means that less than one half of the
total variation can be eliminated in prediction” [23]. This means that a
certain value of the ANB angle may be associated with many values of
the Wits appraisal, and thus the prediction between variables is
moderate, and the association between the ANB angle and Wits
appraisal did not differ among the various classes of dental arch
relationship. These results were in agreement with Zhou et al and
Wellens [10,24]. Conflicting results between ANB and Wits is a result
of shortcomings in both methods of measurement. While ANB is
affected by facial height, jaw inclination, vertical development of the
face and anteroposterior and vertical position of Nasion, Wits is
affected by occlusal plane inclination and has been identified as the
measurement with the greatest coefficient of variability among the
methods of cephalometric analysis for assessing sagittal jaw
relationship [25-27]. To help clinicians arrive at a more accurate
diagnosis of the case, the use of both the ANB angle and the Wits
appraisal in addition to the other diagnostic criteria, including the
molar relationship and the soft tissue features, is recommended.
Improved agreements between these two measurements could also
result from optimizing the cut-off points of the skeletal classifications
[28], and ‘fitting’ a template on the patient's digitized landmarks to
minimize the geometric distortion [24].

Our results revealed a statistically significant regression between
ANB angle and Wits appraisal which was in agreement with
Hurmerinta et al. and Zhou et al., however, Hurmerinta et al. reported
a lower R2 value [10,29]. This might be due to age differences because
their study included patients with primary dentition [29]. Bishara et al.
reported in a longitudinal study that it was determined statistically that
ANB is a function of age and Wits is not. By virtue of this fact, it can
be said that ANB and Wits change differently over time, which will
affect their correlation [27].

Conclusions
The agreement between the molar relationship and ANB angle was

higher than the agreement between the molar relationship and Wits
appraisal.

The agreement between the molar relationship and both ANB and
Wits was higher in Class I cases followed by Class II then Class III.

A relatively moderate correlation coefficient value between ANB
and Wits is evident, and a proportion of 55.2% change in ANB values
could be explained by Wits.
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