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ABSTRACT

Aim: Whether or not the dental relationship correlates with 
skeletal relationship in the sagittal plane is an area of interest 
for orthodontic diagnosis and treatment planning. Thus, the 
aim of this study was to investigate the correlation of the dental 
malocclusion and the skeletal malocclusion in the sagittal plane 
among Saudi orthodontic patients. 

Materials and methods: Orthodontic dental casts and cepha-
lometric radiographs of 124 patients were investigated and ana-
lyzed. The dental casts were classified in relation to the molar 
relationship according to Angle’s classification and to the incisal 
relationship according to the British Standards Institution (BSI) 
classification. The sagittal relation in the cephalometric radio-
graphs was analyzed according to ANB angle and WITS appraisal. 

Results: The results show that the incisal relation had a very 
high significant association with WITS appraisal (p = 0.0045), 
whereas with ANB, the association was marginally significant 
(p =0.0528). No significant associations were found with molar 
relation neither at ANB (p = 0.2075) nor at the WITS (p = 0.4794) 
appraisal. Significant positive correlations between ANB and 
WITS appraisal were found at the three incisal classification 
classes (class I, r = 0.73; class II, r = 0.64; class III, r = 0.75) 
and no significant correlation was observed in all classes with 
the Angle’s (molar) classification.

Conclusions: The incisal classification had a significant asso-
ciation with WITS appraisal, whereas with ANB the association 
was marginally significant.
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INTRODUCTION

Diagnosis of malocclusion is an important criterion for 
the success of any orthodontic treatment and, therefore, 
it is essential for the orthodontist to have adequate 
knowledge of dental occlusion and the underlying 
skeletal relationship of the patient to reach the proper 
diagnosis and treatment plan of the malocclusion.

A good method of recording or measuring maloc-
clusion is essential for documentation of the prevalence 
and severity of malocclusion in different populations and 
also will help in education and classifying the various 
types of malocclusion.1 The earliest published method 
of recording and classifying malocclusion was Angle’s 
classification in 1899,2 which was based on the anteropos-
terior relationship of the maxillary and mandibular first 
molars and the alignment of all the teeth to the line of 
occlusion.1,2 Angle’s classification has become the most 
widely used classification in orthodontics for diagnosis 
and treatment planning; however, it has a drawback that it 
is representing only the dental relationship in the sagittal 
plane and not the skeletal relationship.3
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Indeed, previous studies revealed that the dental 
arch relationship is largely affected by the facial skeleton 
configuration upon which the teeth are invested.4,5 Thus, 
studies have investigated the relationship between the 
anteroposterior dental arch and jaw-base relationships.6-8 
Both angular and linear measurements have been 
proposed in the assessment of anteroposterior jaw-base 
relationship.6,9-12 Whether the anteroposterior dental 
arch correlates with the jaw-base relationship and 
also whether both need to be assessed in orthodontic 
diagnosis and treatment planning is an area of 
debate. Thus, the relationships between craniofacial 
morphology and malocclusion have long been of interest 
to orthodontists.13,14 Another parameter that is of 
importance in occlusal analysis is the incisal relationship 
and the overjet, which is one of the parameters used to 
assess the sagittal relationship of the upper and lower 
dental arch. The cause of large or small overjet could also 
be skeletal, dental or a combination of both.15 Therefore, 
the aim of this study was to investigate the correlation of 
the skeletal malocclusion with dental malocclusion in the 
sagittal plane, which includes molar relation and incisal 
relation, in Saudi orthodontic patients. The hypothesis 
is the incisor relation has a strong correlation with the 
skeletal pattern than molar relation.

MATERIALS AND METHODS

A random sample of 350 records of patients who had 
attended the Dental Center for Orthodontic treatment 
were selected from the Patients’ Record Department at 
King Abdulaziz Medical City, National Guard Health 
Affair, Riyadh, Kingdom of Saudi Arabia. The lateral 
cephalometric radiographs and study casts from the 
patients’ records were reviewed and only 124 cases were 
found to fulfill the inclusion criteria which require the 
following:
• Proper study model that has no breakage or chipped
• All permanent maxillary and mandibular teeth are 

present from first molar to first molars 
• No previous orthodontic treatment
• No missing or impacted teeth or retained primary 

teeth
• No broken tooth or large restoration (which replace 

one cusp or more or involvement of the incisal third 
or a crown)

• Cases with rotated two central incisors more than 
45 degree in one jaw or both were excluded

• All lateral cephalometric radiographs must be in rest 
position.
The patients’ records were treated with privacy 

and the examiners were trained and with experience 
in orthodontics and occlusion analysis. The research 

protocol was registered and approved by King Abdullah 
Research Center in King Abdulaziz Medical City.

Three examiners carried out the analysis of the 
cephalomertic radiographs and the study models of the 
cases that were chosen and approved, independently as 
follows:

The first examiner performed the cephalometric 
tracing and the measurement of the ANB and WITS 
analysis.10,11

The second examiner assessed the molar occlusion 
relationship according to Angle’s classification,16 as 
class I, class II, and class III, half-unit class II or class III 
were recorded as class II or class III, respectively. Molar 
area was then covered bucally by a tape so the third 
examiner was not able to see the molar relation.

The third examiner assessed the incisor occlusion 
relationship with the tape covering the molar area. 
Incisal relation was assessed according to the British 
Standards Institution (BSI) definition17 which has been 
used previously for occlusion classification as follows:18

Class I: The lower incisor edges occlude with or lie 
immediately below the cingulum plateau of the upper 
central incisors.

Class II (div. 1): The lower incisor edges lie posterior 
to the cingulum plateau of the upper incisors. Upper 
incisors are normal inclined or proclined and the overjet 
is increased.

Class II (div. 2): The lower incisor edges lie posterior 
to the cingulum plateau of the upper incisors. Upper 
incisors are retroclined and overjet is usually minimal 
but may be increased.

Class III: The lower incisor edges lie anterior to the 
cingulum plateau of the upper incisors. The overjet is 
reduced or reversed.

STATISTICAL ANALYSIS

Data were collected and filled in special coded forms that 
were prepared for this purpose; one for the cephalometric 
analysis and measurement, and the second for the study 
cast analysis (molar and incisal relationship). 

The data were then transferred from the coded 
sheets to a personal computer and analyzed using SAS 
program (versions 9.2, SAS Institute Inc, Cary, NC, USA). 
Frequencies and percentages were used to summarize 
categorical variables. 

Chi-square tests were used to test the association 
between occlusal characteristics and the cephalometric 
measurements. If the large sample assumption was 
violated, Fisher’s exact test would be employed. Pearson 
correlation coefficients were used to examine the 
relationship between the sagittal skeletal parameters 
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measured from the lateral cephalometric radiograph 
(ANB and WITS) and the dental relationship of the 
molar occlusion and the incisor occlusion measured from 
the cast model. p values considered to be statistically 
significant at the 0.05 level or less.

RELIABILITY

Intraexaminer reliability in assessing the orthodon-
tic models was tested by having the same examiner 
reexamine 14 randomly chosen orthodontic models at 
an interval of 1 month. Test-retest reliability kappa (κ) 
statistics revealed that there was a substantial agreement 
between test and retest with respect to incisor classifica-
tion, kappa was 0.75 (p < 0.001). There was almost perfect 
agreement between test and retest in molar right and 
left classification, kappa was 0.81 and 0.80 respectively 
(p < 0.001).

RESULTS

From the 124 cases that were investigated in the present 
study, there were 53 cases with incisal class II of which 
only two cases with class II division 2 and 51 cases 
with class II division 1; therefore, all the class II cases 
were analyzed statistically together as class II incisor 
relationship with class I and class III cases.

There were 24 cases where the right side was not 
matching the left side in molar classification, these cases 
were classified as subdivision [16 cases (12.90%) had 
class I with class II, 3 cases (2.42%) had class I with class 
III, and 5 cases (4.03%) had class II with class III].

The age of the subjects involved in this study; ranged 
from 12 to 40 years old with the mean age of 18 ± 5.

Table 1 presented the demographics and clinical 
characteristics of the dental (incisal and molar relation) 
and skeletal (ANB and WITS) malocclusion classification. 
The Table 1 shows that 59% of the cases were females and 
41% were males. 

Relating the incisor classification vs molar classification, 
there was 28 vs 50% for class I, 43 vs 16% for class II, and 
29 vs 11% for class III, respectively. This indicates that 
most of the cases in molar classification were class I (50%), 
whereas cases with incisal classification were class II 
(43%). Also, 19% of the cases in molar classification had 
one side class I and the other side either class II (12.90%) 
or class III (2.42%) molar relation, a combination of class 
II with class III was also found in (4.03%). 

When reviewing the ANB classification vs WITS 
classification there was 52 vs 31% for class I, 35 vs 37% 
for class II and 13 vs 32% for class III, respectively. This 
also indicate that most of the cases in ANB classification 
were class I (52%), whereas in WITS classification (37%) 

were class II which was not far much than class III (32%) 
or class I (31%).

Table 2 showed the statistical comparison of the 
demographic and clinical characteristics across the ANB 
classification level. It revealed that there was a highly 
significant association with WITS classification (p = 
0.0001), but not with molar classification (p = 0.2075), 
whereas with incisor classification there was a 94.72% 
chance that the association to be true (p = 0.0528) which 
is marginally significant. When the comparison was 
carried out at the Wits classification level (Table 3), a 
highly significant association was found between WITS 
classification and incisor classification (p = 0.0045). 

The analysis of the data was carried out to determine 
the correlation between molar relation, ANB, and Wits for 
each incisor class (class I, class II and class III). The results 
were presented in Tables 4, 5 and 6 (a and b) respectively. 

Statistically significant positive correlations between 
ANB and WITS were observed in incisor class I (r = 0.73), 
incisor class II (r = 0.64), and incisor class III (r = 0.75). 
That’s as ANB increases, the WITS also increases and 
vice versa.

Nonsignificant negative correlations between molar 
relation and ANB or WITS were observed in incisor class I 
(r = –0.25, r = –0.11, respectively), and incisor class III 
(r = –0.10, r = –0.01, respectively). On the contrary, a 
nonsignificant positive correlation was found between 
molar relation and ANB or WITS at Incisor class II 
(r = 0.03, r = 0.06, respectively).

Overall, a significant positive correlation was found 
between the ANB and WITS but not with molar relation 
at any of the three incisor classes.

Table 1: Demographics and clinical characteristics of dental and 
skeletal malocclusion classification (N = 124)

Variable Characteristics Number (%) 
Gender Female 73 (58.9)

Male 51 (41.1)
Incisor relation Class I 35 (28.2)

Class II 53 (42.7)
Class III 36 (29.0)

Molar relation Class I 66 (53.2)
Class II 20 (16.1)
Class III 14 (11.3)
Subdivision 24 (19.4)
Class I with class II 16 (12.90)
Class I with class III 3 (2.42)
Class II with class III 5 (4.03)

ANB Class I 65 (52.4)
Class II 43 (34.7)
Class III 16 (12.9)

WITS Class I 38 (30.7)
Class II 46 (37.1)
Class III 40 (32.3)
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Table 3: Comparison of demographic and clinical characteristics across Wits levels

Variable Characteristic
WITS

Chi-square/ Fisher tests p-valueClass I Class II Class III
Gender Female 22 (30.14) 26 (35.62) 25 (34.25) 0.3374 0.8448

Male 16 (31.37) 20 (39.22) 15 (29.41)

Incisor relation Class I 12 (34.29) 14 (40.00) 9 (25.71) 15.1212 0.0045*
Class II 16 (30.19) 26 (49.06) 11 (20.75)
Class III 10 (27.78) 6 (16.67) 20 (55.56)

Molar relation Class I 19 (28.79) 25 (37.88) 22 (33.33) 5.5168 0.4794
Class II 6 (30.00) 10 (50.00) 4 (20.00)
Class III 5 (35.71) 2 (14.29) 7 (50.00)
Subdivision 8 (33.33) 9 (37.50) 7 (29.17)

*The Chi-Square/Fisher’s exact test is significant at the 0.05 level. There is an association between level of incisor and WITS classes.

Table 4: (a) Demographics and clinical characteristics for 
incisor class I, (b) incisor class I correlation coefficients

(a) Demographics and clinical characteristics 
for incisor class I (N = 35)

Variable Characteristics Number (%)
Gender Female 20 (57.14)

Male 15 (42.86)
Molar relation Class I 23 (65.71)

Class II 4 (11.43)
Class III 2 (5.71)
Subdivision 6 (17.14)

ANB Class I 18 (51.43)
Class II 12 (34.29)
Class III 5 (14.29)

WITS Class I 12 (34.29)
Class II 14 (40.00)
Class III 9 (25.71)

(b) Incisor class I correlation coefficients (N = 35)

Variable ANB WITS
Molar Relation –0.25 –0.11
WITS 0.73*
* Pearson correlation is significant at the 0.05 level.

Table 5: (a) Demographics and clinical characteristics for 
incisor class II, (b) incisor class II correlation coefficients

(a) Demographics and clinical characteristics 
for incisor class II (N = 53)

Variable Characteristics Number (%)
Gender Female 34 (64.15)

Male 19 (35.85)
Molar relation Class I 28 (52.83)

Class II  13 (24.53)
Class III  2 (3.77)
Subdivision 10 (18.87)

ANB Class I 23 (43.40)
Class II 25 (47.17)
Class III 5 (9.43)

WITS Class I 16 (30.19)
Class II 26 (49.06)
Class III 11 (20.75)

(b) Incisor class II correlation coefficients (N = 53)

Variable ANB WITS
Molar Relation 0.03 0.06
WITS 0.64*
* Pearson correlation is significant at the 0.05 level.

Table 2: Comparison of demographic and clinical characteristics across ANB levels

Variable Characteristics
ANB Chi-square/Fisher 

tests p-valueClass I Class II Class III
Gender Female 36 (49.32) 29 (39.73) 8 (10.96) 2.1509 0.3411

Male 29 (56.86) 14 (27.45) 8 (15.69)
Incisor relation Class I 18 (51.43) 12 (34.29) 5 (14.29) 8.9195 0.0528*

Class II 23 (43.40) 25 (47.17) 5 (9.43)
Class III 24 (66.67) 6 (16.67) 6 (16.67)

Molar relation Class I 33 (50.00) 25 (37.88) 8 (12.12) 7.9680 0.2075
Class II 12 (60.00) 8 (40.00) 0 (0.00)
Class III 8 (57.14) 2 (14.29) 4 (28.57)
Subdivision 12 (50.00) 8 (33.33) 4 (16.67)

Wits Class I 25 (65.79) 11 (28.95) 2 (5.26) 54.8053 0.0001**
Class II 15 (32.61) 31 (67.39) 0 (0.00)
Class III 25 (62.50) 1 (2.50) 14 (35.00)

* There is a 94.72% chance that the association between level of incisor and ANB classes is true.
**The Chi-square/Fisher’s exact test is significant at the 0.05 level.
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DISCUSSION

Previously, it has been reported that skeletal relationship 
in the sagittal plane do not always correspond with 
dental relationships, and most of the disagreement has 
been found in class I dental relationships.7,15 Thus, it 
was proposed that a population-based study is required 
to strengthen the evidence as whether or not the 
anteroposterior dental arch relationship is correlated with 
the jaw-base relationship.14 In the previous population 
study, the correlation between anteroposterior dental arch 
relationship that was based in the molar relation only was 
correlated to the anteroposterior jaw-base relationship 
(skeletal) that was assessed by angular (ANB) and linear 
(WITS) measurements;14 whereas, other study correlate 
the overjet only with skeletal relationship based also 
in the angular ANB and linear Wits measurements.15 
Therefore, our study was design to assess the correlation 
between the dental arch malocclusion which includes 
the molar relationship and incisal relationship with the 
skeletal malocclusion of the jaws that include the angular 
assessment ANB and linear assessment WITS among the 
Saudi orthodontic patients. Interesting to notice in our 
result that large discrepancy between molar classification 
and incisal classification, 50% of the samples that were 
investigate were classified as class I molar relationship 
vs only 28% in the incisal classification as class I incisal, 
whereas for class II 16% was found to be with class II 
molar classification vs 43% as incisal class II classification, 
this demonstrate the large disagreement between the 

molar classification and the incisal classification. Thus, 
for dental arch relation both molar and incisal has to be 
considered. 

Routinely, ANB angle and WITS appraisal are the 
most common cephalometric tools for assessing the 
anteroposterior jaw discrepancies.19 ANB is not always 
a reliable measure of the jaw relationships in the sagittal 
plane, thus WITS appraisal was (may be) used in order 
to obtain supplementary information.15 Therefore, the 
combination of both ANB and WITS (each) complement-
ing each other and can diagnose skeletal discrepancies 
and address treatment strategies.20

The result of the present study revealed that there 
was strong association between ANB and WITS classes 
(p = 0.0001). Highly significant association was also 
found between incisor class and WITS class (p = 0.0045), 
whereas with ANB the association was marginally 
significant (p = 0528). The fact that both ANB and WITS 
assess the same skeletal discrepancy which was proved 
or supported by the present study result. This finding 
was in accordance with previous report.3 However, the 
correlation between both in other previous studies was 
found not as strong as expected.19-21

Lack of consistency between ANB and WITS assess-
ments was found in high occlusal plane angle patients.19 
Earlier study has suggested that in extreme or controver-
sial cephalometric interpretations of the ANB angle and 
WITS appraisal, a visual inspection provides an essential 
aid in diagnosis and skeletal classification.22 

Furthermore, our results show no significant asso-
ciation between molar classes and ANB angle nor with 
WITS appraisal. This finding showed the lack of correla-
tion between Angle’s (molar) classification of the dental 
malocclusion and the skeletal malocclusion assessed by 
ANB angle and Wits apprasial. Thus, the result of the 
present investigation is in disagreement with the find-
ings of Shrikant et al,3 who reported a significant positive 
correlation of the ANB angle and WITS apprasial when 
applied to the Angle’s three groups of malocclusions 
class I, II, and III. But, is in agreement with Zhou et al,14 
who reported the evidence that Angle’s classification of 
occlusion, based on dental arch relationship alone will 
not reveal the full picture of dentofacial deformity, not 
even in the sagittal plane. On the contrary, the result 
of the present study indicates that the association was 
highly significant between the incisal relation with Wits 
appraisal (p = 0045) and marginally significant with 
ANB (p = 0528). This is in line with Zhou et al14 report 
indicating that Wits appraisal which is based on linear 
measurement of anteroposterior jaw-base relationship 

Table 6: (a) Demographics and clinical characteristics for 
incisor class III, (b) incisor class III correlation coefficients

(a) Demographics and clinical characteristics 
for incisor class III (N = 36)

Variable Characteristics Number (%)
Gender Female 19 (52.78)

Male 17 (47.22)
Molar relation Class I 15 (41.67)

Class II 3 (8.33)
Class III 10 (27.78)
Subdivision 8 (22.22)

ANB Class I 24 (66.67)
Class II 6 (16.67)
Class III 6 (16.67)

WITS Class I 10 (27.78)
Class II 6 (16.67)
Class III 20 (55.56)

(b) Incisor class III correlation coefficients (N = 36)

Variable ANB WITS
Molar relation –0.10 –0.01
WITS 0.75*
* Pearson correlation is significant at the 0.05 level
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(p < 0.001) is more valid reflection of the dental arch rela-
tionship than the ANB angular measurement (p < 0.01). 
Although significant positive correlations between ANB 
and WITS were found in the present study at all incisor 
classes, as ANB values increases, the WITS values also 
increases and vice versa. However, the correlation was not 
significant at all with molar relation at any of the incisal 
classes. It was reported that the prediction between the 
variables of ANB and Wits is moderately independent of 
the dental arch relationship of the molar Angle’s classes.14 

Further, Zupancic et al15 found that in class II division 
I incisal relation, overjet is a significantly good predictor 
of the sagittal skeletal relationship. In the present study 
result, (our study) 53 cases out of 124 of the cases (sam-
ples) were class II incisal classification, of which 2 cases 
(samples) were class II (with) division 2 and 51 cases were 
class II (with) division I. But both classes were consid-
ered as class II for the statistical analyses. Furthermore, 
Pancherz et al23 reported that with exception of the maxil-
lary incisor position, no basic difference in dentoskeletal 
morphology exist between class II division 1 and class II 
division 2 malocclusion. 

There was significant correlation between ANB angle 
and WITS appraisal, but it appeared that Wits appraisal is 
more realistic in diagnosis of the skeletal malocclusion in 
the sagittal plane. This was confirmed with the findings 
of Ucheonye et al.24 They stated that ‘The difference in 
diagnostic accuracy between the ANB angle and the 
Wits appraisal ‘shows the WITS appraisal as being more 
reliable than the ANB in assessment of sagittal dental 
base discrepancy and based on this, it is wise to use the 
Wits appraisal as a moderator of the ANB angle in the 
management of orthodontic patients’. 

The results of the present investigation demonstrate 
strong correlation between the incisal classes of occlusion 
and the skeletal relationship in the sagittal plane; thus, 
the results were in accordance and supporting the study 
hypothesis.

CONCLUSION

On the basis of cephalometric and study model analysis, 
the following could be concluded from this study:
• Highly significant association was found between 

incisal classification and WITS appraisal classifica-
tion of the jaws (p = 0.0045). But the association 
was marginally significant with ANB classification 
(p = 0.053).

• There was no significant association between molar 
classification and skeletal morphology in the sagittal 
plane determined by WITS appraisal and ANB angle.

Clinical Significance 

The incisal relation of the occlusion could be considered as 
a good indicator for diagnosis of the skeletal malocclusion 
in the sagittal plane in the orthodontic dental practice.
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