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ABSTRACT

The aim of this study was to determine the skeletal class in orthodontic subjects using Stainer analyze 
and Wits appraisal on lateral cephalograms and to determine the extent to which a positive correlation is 
present. The research was conducted as a retrospective study on a sample of 300 subjects who had done 
lateral cephalograms and plaster models before starting orthodontic therapy. Digital profile 
cephalograms were analyzed using the AxCEph software system. The results showed a positive 
correlation in the amount of 64.66% with the correlation being higher in subjects with normal Bolton 
ratio values. It can be concluded that Stainer analysis and Wits appraisal, which are used on lateral 
cephalograms in order to determine the skeletal class of the subjects, show a statistically significant 
correlation.
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Introduction

The term eugnathia means a properly formed 

anatomical - morphological and functional 

physiological orofacial system consisting of teeth, 

jaws, soft parts and temporomandibular joint, 

while the deviation of the position of individual 

teeth, groups of teeth or entire dentitions from 

their correct position in the sagittal, transverse or 

vertical plane leads to the formation of various 

forms of malocclusions. If the intermaxillary 

relationship between the maxilla and the mandible 

is also irregular, we are talking about dysgnathia [1, 

2].

There are several ways to classify malocclu-

sions, and one of the most commonly used is the 

Angle classification, which is based on the sagittal 

plane. His postulate is that the upper first 

permanent molars are the keys to occlusion and 

that the molar ratio must be such that the mesio-

buccal cuspis of the upper molar occludes with the 

buccal fissure of the lower molar, which, provided 

that the teeth are arranged along a slightly curved 

line of occlusion, results in normal occlusion. 

Based on that, he classified orthodontic 

malocclusions into class I malocclusions, class II 

malocclusions section 1, class II malocclusions 

section 2 and class III malocclusions [3].

Skeletal malocclusion occurs due to distur-

bances in the mechanism of normal growth and 

development of the maxilla or mandible and can 

have a great influence on the position of deciduous 

and permanent teeth. The severity of skeletal 

malocclusion is indirectly proportional to quality 

of life taking into account social status and 

emotional states as well as the efficiency of speech 

and mastication [4]. Hereditary and environmen-

tal factors play an important role in the etiology of 

malocclusion and their interaction is necessary [5].

Tooth discrepancy can be defined as a 

disproportion in tooth size, and since significant 

tooth size discrepancy prevents ideal occlusion at 

the end of orthodontic treatment, the absence of 

tooth size discrepancy is the seventh "key" to 

achieving ideal occlusion [6].

class II, the value of the distance between point AO 

and point BO increases, while in skeletal class III, 

the projection of point B on the occlusal plane is in 

front of the projection of point A on this plane. 

These values depend to a large extent on the 

possible inclination of the occlusal plane [12].

The aim of this study was to determine the 

skeletal class in orthodontic subjects using Stainer 

analyze and Wits appraisal on lateral cephalo-

grams and to determine the extent to which a 

positive correlation is present, taking into account 

the values of the overall Bolton ratio.

Materials and methods

The research was conducted at the Faculty of 

Dentistry, University of Sarajevo. The sample 

consisted of 300 subjects who had not been 

previously orthodontically treated. All subjects 

had plaster models done before the start of 

orthodontic therapy and appropriate cephalogram 

that were archived at the Faculty of Dentistry. The 

research was conducted as a retrospective study. 

Mesiodistal diameters of permanent teeth from the 

central incisor to the first molar in the upper and 

lower jaw were measured on plaster models and 

the value of the total Bolton ratio was calculated on 

the basis of the obtained values. In relation to the 

value of the Bolton ratio, the subjects were 

classified into two categories: Bolton category 1 

(normal Bolton ratio) and Bolton category 2 

(deviation). Stainer's analysis and Witts' appraisal 

were performed on lateral cephalograms and 

based on the obtained results, the subjects were 

classified into I, II and III skeletal class. Digital 

cephalograms were analyzed using the AxCEph 

software system. Steiner 's analysis determined 

the skeletal class based on the values of the ANB 

angle, while Wits appraisal determined the 

intermaxillary relations based on the position of 

the AO and BO points on the occlusal plane.

Criteria for the inclusion in the study:

- Present dentition teeth allowing the 

calculation of the total Bolton ratio.

Bolton 's analysis, which is an integral part of the 

diagnostic protocol in orthodontic patients, is used 

today as the most appropriate way to determine 

dento - dental discrepancy. Anterior and total 

ratios are used in clinical practice. The overall ratio 

represents the ratio of the sum of the mesiodistal 

widths of all teeth from the central incisors to the 

first molars of the lower arch and the same sum in 

the upper dental arch and the standard value is 

91.3 (89.39 - 93.21) [7].

Studies done on the relationship between 

anterior and total Bolton ratio and skeletal class 

have shown that there is no statistically significant 

correlation [8, 9].

Lateral cephalogram is a mandatory part of the 

diagnostic procedure in orthodontic patients and 

is very important when developing an individual 

treatment plan. It can be used to assess skeletal 

relationships, determine growth pattern, analyze 

dentition and alveolar extensions and determine 

skeletal class [10]. Several cephalometric analyzes 

are in use today, including analyzes by Tweed, 

Sassuoni, Downs, Jarabak, Steiner and many 

others. The most commonly used cephalometric 

analysis is Steiner analysis because of its simplicity 

and speed. This analysis can be done by 

conventional method and digital application of 

appropriate software [11]. 

The mutual relations of the upper and lower jaw 

as well as their relations to the cranial base are 

determined by the values of the angles SNA, SNB 

and ANB. The ANB angle determines the skeletal 

sagittal relationship of the upper and lower jaws. 

The average value of this angle is 2° and the values 

from 0° to 4° represent skeletal class I. Values 

greater than 4° indicate that it is skeletal class II, 

while negative values indicate the existence of 

skeletal class III. Witts appraisal determines the 

anteroposterior relationship between the maxilla 

and mandible. 

This measurement is based on the projection of 

points A and B on the occlusal plane, during which 

points AO and BO are obtained, and the 

measurement of the difference between these 

points. The normal value according to this analysis 

is 1 mm in males and 0 mm in females. In skeletal 

- Malocclusion present of I, II or III Class.

- Orthodontically untreated patients.

- Absence of the cavities or fillings on the 

proximal surfaces of the teeth.

Criteria for the exclusion from the study:

- Teeth of atypical shape or size.

- Cavities on the proximal surfaces of the 

teeth.

- Restorative procedures on the proximal 

surfaces of the teeth.

- Presence of deciduous dentition teeth.

- Technically defective cephalograms.

Research results

In the preparatory phase of data processing, the 

data were checked and errors during entry were 

eliminated. A small number of illogical values 

outside the range of possible outliers were 

retained because they were without much impact, 

there were no missing data ('' missing value '') [13].

The validated file was ready for statistical 

analysis, which was done with the application 

software "STATA®" IC version 16.1 "Single-user 

Stata perpetual license to Enes Osmanovic, Serial 

number: 301506336897 (College Station, 2021). 

Distribution identification, homogeneity of 

variance, verification of the actual i.e. empirical 

versus theoretically assumed (hypothetical) 

distribution was done by the sensitive Shapiro-

Wilk W test. Distributions of the results of dis-

continuous statistical series (discrete variables) 

are expressed in absolute numbers (frequency) or 

relative representation (percentages). The 

strength of the correlation and the corresponding 

statistical significance were established using the 

Kendall tau-b coefficient, in accordance to the 

recommendations of Hinkle et al [14].

 The study included 300 subjects, 118 males and 

182 females. 
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points at the occlusal plane, 34,50% of the subjects 

of the skeletal class determined by these methods 

were not identical.

Graph 5 shows the percentage correlation 

between Stainer analysis and Wits appraisal in 

Bolton category 2 subjects. A positive correlation 

was present in 63.50% of subjects, while a negative 

correlation was present in 36.50% of subjects.

Discussion

The two most common parameters used to 

determine anteroposterior jaw relationships 

based on cephalometric analyzes are the ANB 

angle and the Witts estimate [15].

The analysis of these parameters diagnoses 

skeletal discrepancy and plans orthodontic 

treatment. Given that both ANB angle and Witts 

analysis are used to determine the skeletal class, a 

high degree of correlation between the two 

methods would be expected, but in reality, this 

correlation is weaker [16].

In their study, Al - Hamlan et al concluded that 

there was a statistically significant correlation 

between the values of the ANB angle and the Wits 

appraisal [17].

Ucheonye et al came up with similar results in 

their study but found that Witts' appraisal was 

safer when it comes to diagnosing skeletal 

abnormalities in the sagittal plane [18].

The results of our study showed that there is a 

weak positive correlation between the Stainer 

analysis and the Wits estimate as shown in Table 2. 

Value of the Kendall tau-b coefficient in the 

subjects in the total sample was 0.312.  The 

obtained results are similar to the results obtained 

Graph 1 shows the representation of respon-

dents by gender in a given sample.

In the examined sample, 174 respondents were 

in Bolton category 1, while 126 respondents were 

in Bolton category 2.

Table 2 shows the value of the Kendall tau-b 

coefficient in the subjects in the total sample of 

0.312 with a satisfactory level of statistical signi-

ficance. In accordance with the recommendations 

of Hinkle et al. (2003), it is a weak positive 

correlation.

Table 3 shows the value of the Kendall tau-b 

coefficient in Bolton category 1 subjects in the 

amount of 0.351, which corresponds to a weak 

positive correlation. In the group of Bolton 

category 2 respondents, the value of this 

coefficient is 0.247, and this is a slight correlation.

Graph 3 shows the percentage correlation 

between Stainer analysis and Wits appraisal in the 

total sample. 64.66% of respondents had the same 

skeletal class determined based on the values of 

ANB angle and the distance between points AO and 

BO at the occlusal plane, while in 35.34% of 

respondents the skeletal class determined by these 

methods were not identical.

Graph 4 shows the percentage correlation 

between Stainer analysis and Wits appraisal in 

Bolton category 1 subjects. 65.50% of subjects had 

the same skeletal class determined based on ANB 

angle values and distances between AO and BO 
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Table 1. Crosstabulation and class frequency according to Stainer and Wits appraisal in the total sample

Table 2. Correlation between Stainer analysis and Wits appraisal in the total sample

Table 3. Correlation between Stainer analysis and Wits appraisal by Bolton categories

Ordinal by Ordinal

N of valid cases

Ordinal by Ordinal

N of valid cases

Ordinal by Ordinal

N of valid cases

Bolton category 1

Bolton category 2

Kendall's tau-b

Kendall's tau-b

Kendall's tau-b

.312

300

.351

174

.247

126

.000

.000

.008

Value

ValueBolton Ratio

Approximate Significance

Approximate Significance

Skeletal class - Steiner

Skeletal class - Wits

Total

Total

I
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5
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22

80

2

104

47

7

43

97
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300
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35,34%
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34,20%
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36,50%

63,50%

Positive correlation Negative correlation

Positive correlation Negative correlation

Positive correlation Negative correlation
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Graph 4. Correlation of Stainer analysis and Witts 

appraisal in subjects with normal value Bolton ratio

Graph 5. Correlation of Stainer analysis and Wits appraisal

in subjects with deviations in value Bolton ratio
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N of valid cases

Bolton category 1

Bolton category 2

Kendall's tau-b

Kendall's tau-b

Kendall's tau-b

.312

300

.351

174

.247

126

.000

.000

.008

Value

ValueBolton Ratio

Approximate Significance

Approximate Significance

Skeletal class - Steiner

Skeletal class - Wits

Total

Total

I

II

III

73

21

5

99

22

80

2

104

47

7

43

97

142

108

50

300

I II III

35,34%

64,66%

34,20%

65,50%

36,50%

63,50%

Positive correlation Negative correlation

Positive correlation Negative correlation

Positive correlation Negative correlation

Graph 3. Correlation of Stainer analysis and 

Witts appraisal on the total sample

Graph 4. Correlation of Stainer analysis and Witts 

appraisal in subjects with normal value Bolton ratio

Graph 5. Correlation of Stainer analysis and Wits appraisal

in subjects with deviations in value Bolton ratio
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by Al - Hamlan et al in their research where the 

positive correlation is 65.29%. Similar results 

were obtained by Zou et al who conducted 

research on the Chinese population [19].

Qamaruddin and al. conducted research on a 

sample of 209 respondents (92 males and 117 

females) and came to the conclusion that there is a 

strong correlation between ANB angle values and 

Wits appraisal [20].

Ishikawa and all found that the correlation 

between the values of the ANB angle and the Wits 

appraisal was 57%, which is slightly lower than the 

value obtained in this study [21]. 

Differences in the results could be explained by 

differences in the geographical area inhabited by 

the examined population.

The results of our study showed that the degree 

of correlation in subjects with normal values of the 

Bolton ratio (Bolton category 1) is higher com-

pared to those with deviations in the value of the 

Bolton ratio (Bolton category 2), which is shown in 

Table 3.

There are certain shortcomings when deter-

mining skeletal classes by the Stainer method or by 

using Witts appraisal. The value of the ANB angle 

largely depends on the height of the face, jaw 

inclination, vertical development, position of the 

nasion while Witts' appraisal depends on the 

inclination of the occlusal plane and can be defined 

as the method showing the greatest degree of 

variability from cephalometric analyzes used to 

determine sagittal jaw ratio [22]. Certain 

discrepancies in the results of Stainer's analysis 

and Witts' appraisal can also be explained by 

differences in the age of the subjects [23]. Bishara 

et al., in their study, came to the conclusion that the 

value of the ANB angle depends on the age of the 

subjects until it affects the value of the Witts 

appraisal. Based on this, it could be concluded that 

the values of the ANB angle and the Witts appraisal 

change over time and that this also affects their 

correlation [24].

In order to obtain an optimal diagnosis during 

orthodontic treatment of the patient, it is 

recommended to use the values of ANB angle, Wits 

appraisal, dental class determined on the basis of 

permanent molar ratios and soft tissue ratios. 

Proper intermaxillary relations and their corre-

lation with dental relations are the foundations of 

any orthodontic treatment and for that reason it is 

very important to do a detailed analysis..  

Conclusion

Stainer analysis and Witts appraisal used on 

lateral cephalograms to determine the skeletal 

class of subjects show a statistically significant 

correlation.
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were obtained by Zou et al who conducted 

research on the Chinese population [19].

Qamaruddin and al. conducted research on a 

sample of 209 respondents (92 males and 117 

females) and came to the conclusion that there is a 

strong correlation between ANB angle values and 

Wits appraisal [20].

Ishikawa and all found that the correlation 

between the values of the ANB angle and the Wits 

appraisal was 57%, which is slightly lower than the 

value obtained in this study [21]. 

Differences in the results could be explained by 

differences in the geographical area inhabited by 

the examined population.

The results of our study showed that the degree 

of correlation in subjects with normal values of the 

Bolton ratio (Bolton category 1) is higher com-

pared to those with deviations in the value of the 

Bolton ratio (Bolton category 2), which is shown in 

Table 3.

There are certain shortcomings when deter-

mining skeletal classes by the Stainer method or by 

using Witts appraisal. The value of the ANB angle 

largely depends on the height of the face, jaw 

inclination, vertical development, position of the 

nasion while Witts' appraisal depends on the 

inclination of the occlusal plane and can be defined 

as the method showing the greatest degree of 

variability from cephalometric analyzes used to 

determine sagittal jaw ratio [22]. Certain 

discrepancies in the results of Stainer's analysis 

and Witts' appraisal can also be explained by 

differences in the age of the subjects [23]. Bishara 

et al., in their study, came to the conclusion that the 

value of the ANB angle depends on the age of the 

subjects until it affects the value of the Witts 

appraisal. Based on this, it could be concluded that 

the values of the ANB angle and the Witts appraisal 

change over time and that this also affects their 

correlation [24].

In order to obtain an optimal diagnosis during 

orthodontic treatment of the patient, it is 

recommended to use the values of ANB angle, Wits 

appraisal, dental class determined on the basis of 

permanent molar ratios and soft tissue ratios. 

Proper intermaxillary relations and their corre-

lation with dental relations are the foundations of 

any orthodontic treatment and for that reason it is 

very important to do a detailed analysis..  

Conclusion

Stainer analysis and Witts appraisal used on 

lateral cephalograms to determine the skeletal 

class of subjects show a statistically significant 

correlation.
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