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ABSTRACT 

 Introduction 

 In orthodontic diagnosis and treatment planning a valid evaluation of an 

antero-posterior jaw relationship is vitally important. To assess the antero-posterior 

jaw discrepancy between the maxilla and the mandible, various angular and linear 

measurements have been suggested so as to reach an accurate diagnosis.  

Aim 

 To compare ANB angle, Beta angle used to measure sagittal dysplasia and to 

find out which is the most reliable amongst them. 

Materials and methods 

 Sample comprised of 400 pre-treatment lateral Cephalograms. The variables 

calculated were SNA Angle, SNB Angle, ANB Angle and the Beta Angle 

Results 

 ANOVA test, Pearson correlation and few other statistical tests were 

performed and the differences, associations and correlations were found between 

ANB Angle and Beta Angle in all the subjects  

Conclusion 

  It is safe to conclude that similar to the ANB angle, the Beta angle is also a 

significant angle to assess the sagittal jaw relationship between maxilla and mandible.  

Key Words- Antero-Posterior Discrepancy, Beta Angle, ANB Angle. 



CONTENTS 

 

S.No. TITLE PAGE NO 

1 INTRODUCTION 1 

2 REVIEW OF LITERATURE 4 

3 MATERIALS & METHODS 17 

4 RESULTS 25 

 
5 

 
DISCUSSION 46 

6 SUMMARY & CONCLUSION 57 

7 BIBLIOGRAPHY 60 

8 ANNEXURES - 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
INTRODUCTION 

   



Introduction 
 

1 
 

  After the findings of cephalometrics in 1931 by Broadbent (USA) and 

Hofrath(Germany), it has been adapted as an important clinical tool for assessment of 

jaw relationship in all the three planes: antero-posterior, transverse and vertical. The 

sagittal relationship is usually needed for patients who need a critical evaluation. 

Parameters such as the ANB angle, Wits analysisP

38
P, and the recently given Beta 

analysis have been expressed and used effectively for the evaluation of antero-

posterior discrepancies affecting the apical bases of the jaws. There are many deficits 

for both the angular and linear measurements.  

Cephalometric analysisP

54 
Pis used to establish the antero-posterior jaw relationship for 

orthodontic diagnosis of skeletal malocclusions. 

 The morphology of the apical bases will change due to changes in the facial 

contour. Both have to be taken care of, to give a normal occlusion and a pleasant 

profile to the individualP

 60.
P The ANB angle and the Wits analysis are the two most 

frequently used parameters for the assessment of the apical base relationship. 

However, the Beta Angle is considered having greater accuracy, greater angular range 

and being unaffected by the facial forms. 

 Cephalometry is a linchpin in Orthodontic diagnosis, treatment monitoring and 

outcome assessment, it remains an important diagnostic and a valuable evaluation 

tool. Proper diagnosis will lead to a accurate treatment plan and hence, a result. 

Variations are most commonly seen in the sagittal plane compared to other planes. 

The angular measurement between the anterior cranial base and point A and B on the 

maxillary and mandibular dental bases, given by Riedel in 1952, has long remained 

the guiding angular value over the years to decide on the gravity of the sagittal 

skeletal dysplasiaP

13
P. Class II malocclusion is the most commonly found sagittal 
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skeletal variation with treatment ranging from growth modification to surgical 

camouflage to orthognathic surgery.  

  Rotations of jaw during growth, vertical relationships between the jaws and 

reference planes, and the lack of validity of the various methods proposed for their 

evaluation are some of the problems faced in orthodontic diagnosis. The most 

appropriate treatment plan has to be obtained by the orthodontist with the help of the 

different angular and linear measurements used to assess the sagittal discrepancy. 

DownsP

2 
Pintroduced the A-B plane angle. Positive and negative signs were used to 

portray protrusion and retrusion of the mandible. 

 Both the angular and linear measurements are included into various 

cephalometric analyses to acquire the most accurate treatment plan. In the 

cephalometric radiographic analysis, angle ANB is commonly used to describe 

skeletal discrepancies between the maxilla and the mandible. Doubts exist over the 

dependence on the ANB angle to establish the anterior-posterior discrepancyP

57
P. Any 

cephalometric analysis that is based on angular or linear measurements has common 

flaws, which are given in detail by Moyers et al. The position of nasion is not fixed 

during growth, and the displacement of the nasion will affect the ANB angleP

15
P. These 

measurements can be affected by various elements. For instance, the rotation of the 

head sideward or upward during exposure to x rays of the lateral cephalogram, could 

have its impact on the ANB values. In 1975, Jacobson revealed that angle ANB does 

not provide a correct assessment of variations in skeletal relationships because growth 

rotation of the mandible and the antero-posterior position of nasion in relation to point 

A and point B could alter the ANB angleP

29
P.The Wits appraisal avoids the use of 

nasion and reduces the rotational effects of jaw growth. Thus, Wits appraisal given by 

Jacobson helped overcome problems related to the ANB angle. However it generates 
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2 major issues namely, the correct identification of the occlusal plane which is not 

accurately reproducible, mostly in open bite cases and, any changes in the angulation 

of the functional occlusal plane, due to normal development of the dentition or due to 

orthodontic treatment, can adversely affect the Wits appraisal. A measurement called 

the Beta angle was recently developed in 2004 by Baik and Ververidou which did not 

depend on any cranial landmarks and can be used whenever the previously established 

analysis failed to assess the sagittal discrepancy P

15
P. 

 The debate over an ideal variable to judge the antero-posterior discrepancy has 

been going on for many years. The goal of our study is to view the correlation 

between Beta angle and ANB and to assess whether Beta angle can be used as a guide 

to assess the seriousness of skeletal sagittal dysplasia in subjects. 
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 Anwar A, Baig MS (2015)P

13
P there is a strong correlation between beta 

and ANB angle. However, using beta angle as a guiding variable to determine 

the severity of sagittal skeletal dysplasia did not seem to be possible due to 

variations in the range of beta angle for a given value of ANB. 

 Baik CY, Ververidou M (2004)P

15
P The Beta angle was developed as a 

diagnostic aid to evaluate and assess the sagittal jaw relationship more 

accurately. White subjects with a Beta angle between 27° and 35° was 

considered as Class I skeletal pattern; less than 27° was considered as Class II 

skeletal pattern, and a Beta angle greater than 34° was considered as Class III 

skeletal pattern. There was no statistically significant difference between mean 

Beta angle values of males and females. 

 Shah P, Shah R (2014)P

60
P Significant difference was found with the 

angle of convexity among the different angles namely the ANB angle, Wits 

analysis and the Beta angle. 

 Agarwal R, Sharma L (2013)P

2 
PThe Beta angle and the W angle were 

found to be significant to establish sagital discrepancy along with the 

previously established angles. 

 Hussels W, Nanda RS (1984)P

29
P Drawbacks of the ANB angle were 

deviation in the landmarks, rotational component to the jaws variation with 

vertical changes and dental heights. With patient’s age and ANB; it has a 

certain tendency to reduce with increasing age. 

 Qamruddin I, Shahid F (2012)P

54 
PThe Beta angle can be used to 

establish skeletal sagittal malocclusion and can be used as an alternative to 

ANB angle.  
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 Doshi JR, Trivedi K (2012)P

26
P YEN angle is a highly reliable and 

homogenously distributed angular parameter which is used to establish antero-

posterior sagittal discrepancy. Other parameters such as FABA, PABA, APDI, 

SGn-AB and Beta angle also exhibit homogenous distribution but with less 

variability as compared to all other parameters. All the parameters had a 

statistically significant correlation amongst themselves.  

 Kannan S, Goyaliya A (2012)P

35
P Consistency could be seen by all the 

methods used to assess Antero-Posterior jaw relationship. Insignificant 

difference on influence of growth, age and sex was noted for all the methods 

used for assessing Antero-Posterior jaw relationship. Angular methods used 

for assessing jaw relationship such as FABA, AXD, Beta and linear 

measurements such as App-Bpp, MM Bisector could exhibit superiority to 

assess Antero-Posterior jaw relationship over the other methods such as AXB, 

AB plane, ANB and AF-BF which showed more variability. 

 Vashisht L, Negi S (2016)P

76
P various statistically significant 

parameters reliable for finalizing the growth pattern type were Bjork sum, Y-

axis, Mandibular plane angle, J-ratio. The reliable parameters for finalizing the 

different type of malocclusion were ANB, Yen angle, APP-BPP. 

 Singh A, Jain A (2015)P

65 
PBeta Angle can be used to assess the sagittal 

jaw relationship between the maxilla and mandible. It can also be used as an 

adjunct to ANB angle and Wits analysis. No single parameter in cephalometric 

analysis must be relied upon entirely and interpreted as an absolute value. 

 Loster JE, Williams S (2015)P

39
P the dentofacial profile of Polish 

adolescents exhibited a slight reduction in the sagittal jaw relationship and a 
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distinctive mandibular morphology with a reduced jaw angle and increased 

Beta Angle. The findings of this study were reflected in the soft tissue pattern. 

 Ahmad SH, Jahjah YT (2016)P

4
P for all three classes of malocclusion 

cases; ANB angle, beta angle, W angle and YEN angle in Syrian sample 

showed no significant difference as compared to original values. Syrian 

population does not have much difference in craniofacial morphology from the 

Caucasian population.  

 Qamruddin I, Alam MK (2016)P

53
P Pakistani population does not have 

a significant difference in the craniofacial morphology between the genders, 

with the  exception of Wits-appraisal and Beta angle in class II subjects. 

 Mahajan H, Vakil K (2014)P

40
P ANB angle, Wits appraisal, Beta angle, 

YEN angle and W angle will help in accurate diagnosis of the Antero-

Posterior skeletal discrepancy. In order to overcome the deficits of each 

parameter, at least 2-3 parameters should be used. 

 Alam MK, Qamruddin I (2014)P

8
P The orthodontist must not depend 

on a single analysis for diagnosis, but rather verify it with other analysis for 

better accuracy in predicting the malocclusion. 

 Doshi J, Trivedi K (2011)P

25
P The Mount Vernon Index is a quick and 

reliable method for assessing a patient’s Antero-Posterior skeletal pattern. It 

can be a useful diagnostic tool to identify the skeletal pattern of an individual. 

Statistically significant highest positive correlation was present between MVI 

and Beta Angle. ANB Angle also exhibited significant positive correlation. 

 Shrikant S, Ganapathy K K (2012)P

64
P there was a significant 

correlation that occurred between Angle’s malocclusion groups and skeletal 

base variables. The Angle’s class I malocclusion group exhibited mildly class 
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II skeletal bases. The Angle’s class II malocclusion group exhibited evident 

class II skeletal bases. The Angle’s class III malocclusion group exhibited 

class III skeletal bases. The ANB angle and the Wits appraisal exhibited a 

significant positive correlation when applied to the three groups. 

 Al-Mashhadany SM (2012)P

11
PThe W angle had a positive  relation 

with BETA angle and YEN angle in all the three skeletal classes of 

maloclussion though a negative relation with ANB angle was found. 

 Pervez H, Ahmed I P

48
P The W angle can be used to determine the 

sagittal skeletal discrepancies accurately similar to other analysis. 

 Fida M (2008)P

27
P The A-B plane and the FABA can be used to assess 

the skeletal class relationship as an adjunct to the previously established ANB 

angle. 

 Tomson DR P

73
P Identical correlation values were found between the 

gold standard ANB and the three Wits-type analyses, namely MMB-Wits, 

FMAB-Wits, cFMAB-Wits. Males were significantly older than females prior 

to starting orthodontic therapy, at the end of treatment, and at the end of 

retention. They suggest that females generally begin correction of Class I and 

Class II Division 1 malocclusions earlier than males, likely due to early 

maturation and timing of the pubertal growth spurt. Gender does not act as a 

vital determinant of ANB, MMB-Wits, FMAB-Wits, or cFMAB-Wits within 

each classification of malocclusion at the start of treatment or at the end of 

active orthodontic treatment.  

 Trivedi R, Bhattacharya A (2015)P

75
P all the parameters used in this 

study could reliably be used to assess antero-posterior skeletal discrepancy. 
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Whenever limitations of the ANB angle and Wits analysis were evident, the W 

angle and App-Bpp, respectively, can be effectively used.  

 Bhad WA, Nayak S (2011)P

16
P Existing established measurements for 

assessing the sagittal jaw relationship can often be misleading and prone to 

errors. A new angle called the W angle was developed as a diagnostic tool to 

establish the AP jaw relationship more consistently.  

 Talapaneni AK, Kumar KP (2014)P

71
P Transverse and sagittal mid-

facial deficiency is a significant etiological factor for the development of class 

III concave profile and structural mandibular asymmetry. Early orthopedic 

interception of a deficient maxilla re-establishes an optimal growth in the 

sagittal and transverse dimensions, thus enabling the correction of class III 

mid-facial deficiency and puts an end to permanent mandibular structural 

asymmetry. 

 Cattaneo PM, Bloch CB (2008)P

19 
PCBCT-synthesized cephalograms 

can be successfully used to perform the cephalometric analyses. TheRayCast 

technique is superior to the MIP because the measurements are not as spread 

out, and no preliminary preparation of the images is needed to view the 

structures for the cephalometric analyses. 

 Kumar V, Sundareswaran S (2014)P

38
P Limitations of the various 

cephalometric analyses are evident, thus the orthodontist must use the most 

appropriate cephalometric analysis required when the need arises.  

 Relwani P, Gowda NC (2016)P

57
P In class II maloclussion, both the 

YEN angle and the Beta angle can be used effectively to acquire accurate 

diagnosis. 
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 Kamalamma S, Padmini MN (2011)P

34
P the established norms for the 

Beta angle and the Wits appraisal were comparable to those of the original 

authors and there was no significant difference in the standard values 

established for males and females. Beta angle showed a negative linear 

correlation with ANB angle for Class I and Wits appraisal. ANB angle showed 

a positive linear correlation with Wits appraisal for Class I, Class II and Class 

III malocclusion groups respectively. 

 Singh AK, Ganeshkar SV (2013)P

66
P if the cephalograms cannot be 

recorded in the natural head positions, then the best indicator for recording 

anteroposterior skeletal dimension would be the angle AB-NPog, followed by 

Harvold’s unit length difference. However, taking into consideration the 

biologic variability, more than one reading should necessarily be used to 

verify the same. 

 Kumar S, Valiathan A (2012)P

37
P The Pi analysis can be used as an 

effective method for assessing antero-posterior jaw discrepancy in orthodontic 

practice. 

 Polina VS, Prakash AS (2015)P

49 
PClass I malocclusion and straight 

profile patients showed greater range of values for ANB angle, Beta angle, 

Wits analysis and YEN angle.  

 Dave HB, Gill V (2015)P

23
P the HBN angle can be used as an efficient 

diagnostic aid to assess the sagittal jaw relationship.  

 Rizwan M, Mascarenhas R (2013)P

58
PThis new vertical discrepancy 

indicator allows practitioners to assess vertical skeletal discrepancy 

effectively, thereby helping in accurate diagnosis and treatment planning. The 

R angle is constructed with minimal cephalometric landmarks, which can be 
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easily and accurately located on the digital lateral cephalograms. R angle is 

constructed using only fixed skeletal landmarks and no constructed points or 

landmarks, thereby reducing operator error. The R angle uses the C-N and C-

Me axis to establish the vertical skeletal dysplasia, considering the center of 

condyle as the central landmark in the posterior aspect of the face. The C-N 

and C-Me axis are more stable compared to the currently used unstable planes. 

Cephalometric evaluation of young adults shows that, R angle below 70.5 

degrees indicates low angle, between 70.5 -75.5 degrees indicates average 

angle and above75.5 degrees indicates high angle cases. 

 Agarwal S, Bhagchandani (2014)P

3 
PThe SAR angle can be a reliable 

diagnostic aid to assess the sagittal jaw discrepancy more consistently. 

 Jabbar A, Mahmood A(2012)P

30
PThis study concluded that overjet is a 

good predictor for sagittal skeletal relationship only in class III malocclusion. 

 Sharma R, Sharma K (2015)P

61
P The ANB angle, Beta angle and W-

angle can be used as significant angles to assess the sagittal jaw relationship. 

They must be correlated with the clinical findings for better evaluation. 

 Prasad M, Reddy KP (2013)P

50
P a statistically significant difference for 

the mean values and the standard deviation for Beta angle within the three 

skeletal patterns was evident. There was no statistically significant difference 

among the mean values of beta angle between the Nellore district population 

and the Caucasian norms. There was also no statistically significant difference 

between male and female sex groups. 

 Al-Mothaffar N, Toma RR (2011)P

12
PRetrognathism of both upper and 

lower jaws appeared in individuals with highest saddle and palatal plane angle 

with the least gonial angle, while individuals with prognathism of both jaws 
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showed horizontal growth pattern with highest posterior facial height and least 

mandibular plane angle and anterior facial height. 

 Shetty S, Husain A (2013)P

62
PValues of YEN-Linear, which is 

calculated using points M and G, were same between the sexes and suggested 

clear demarcation values between each skeletal pattern. Thus it makes it a 

reliable parameter for the classification of sagittal relationships. YEN-Linear 

can be used for skeletal classification as follows: Class I-1.0 to 2.5 mm; Class 

II >2.5 mm; and Class III <1 mm. 

 Sonnesen L, Kjaer I (2007)P

68
P in females, the cranial base angle was 

larger. Due to it, the maxillary and mandibular inclination along with the jaw 

angle was larger, whereas the Beta angle was smaller. The Beta angle was 

larger in the deep bite group. 

 SonnesenL, Svensson P (2008)P

69
P a larger Beta angle was observed in 

the deep bite group compared to the control group. The Beta angle was smaller 

in females when compared to males. 

 Sundareswaran S, Kumar V (2015)P

70
P Beta angle though considered 

as a valid indicator of sagittal dysplasia in both normal and horizontal patterns 

of growth, significantly increased Beta angle values were seen in vertical 

growth patterns, which affected its validity for assesing sagittal discrepancy. 

Hence, Beta angle may not be a reliable tool for assessing sagittal jaw 

discrepancy in patients who exhibited vertical growth patterns with skeletal 

Class I and Class II malocclusions. However, Class III malocclusions which 

had the highest Beta angle values remained unaffected. 

 Bošković-Brkanović T, Nikolić Z (2007)P

18
P The FABA angle, AB 

plane angle and AF-BF were statistically significant angles and can be used as 
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adjuncts to ANB angle to establish the sagittal jaw relationship between the 

jaws. 

 Shahbaa A Mohammed (2017)P

44
P The Dento-skeletal overjet can be 

used for precise representation of the skeletal jaw relationship. 

 Gunjan Kumar Shrestha (2018)P

63
P 60% patients had normal sella 

turcica.  However, there were significant differences in the lengths and antero-

posterior diameters among the various classes of malocclusion. The largest 

size was found in skeletal Class III patients. 

 Tony Michael (2016)P

43 
Psignificant correlation was found between 

Beta angle and ANB angle which resulted in significant reduction of facial 

convexity. Reduction in maxillary prognathism was seen which resulted from 

the restraining effect of the activator high pull headgear. 

 Maheen Ahmed (2017)P

5
P The ANB angle and the Downs’ angle of 

convexity were found to be reliable skeletal indicators for assessing the facial 

soft tissue profile. Cephalometric analyses relating to the facial pattern have to 

be assessed for better diagnosis.   

 Pooja Mehta (2016)P

42
P The photographic method can be used as a 

diagnostic substitute to measurements obtained from cephalograms in Class II 

type malocclusions as it is considered as a repeatable and reproducible method 

 Shahba'a A. Mohammed (2016)P

59
P Due to the various inclination of 

planes used and the different position of point N, the relation among the 

various parameters such as ANB, Wit’s and other analysis may not be 

significant. 

 Atul Jajoo (2018)P

31
P Both the ANB angle and the Beta angle show 

significant differences with the various skeletal malocclusions. 
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 Rinet Paul. E(2018)P

28
P The reliability of beta angle was comparatively 

high than WITS appraisal though, it is a little time consuming. Consistency 

and accuracy of beta angle makes it reliable to evaluate the sagittal jaw 

discrepancy. 

 Gurinder Singh (2016)P

67
P Weak correlation was seen between the Beta 

angle and FMA as it is not affected by the growth pattern or the rotation of 

jaws. The normal values were in the same range irrespective of the changes in 

craniofacial morphology. 

 Irfan Qamaruddin (2018)P

52
P All five-skeletal cephalometric sagittal 

analyses are reliable and can be used in orthodontic diagnosis as alternative to 

each other. 

 Bushra-Sufyan Almaqrami (2018)P

10
P the ANB angle combined with 

the use of other parameters provide a reliable indicator for the assessment of 

skeletal antero-posterior relationship. 

 Dr B Nishanth (2018)P

46
P According to the study the order of 

significance is ANB angle, Pi analysis, Yen angle, W angle and Beta angle. 

So, more than one cephalometric analysis had to be used according to the need 

to quantify the results. 

 Muhammad Azeem P

14 
PANB+AOBO zone difficulty index was a 

effective method to assess horizontal jaw discrepancies. 

 Vickraman Maruthi (2018)P

41
P No significant difference was seen 

between the Beta angle mean values of the Caucasian population and the 

Chennai district population. 

 Rana Tiwari (2016)P

72
P the MM–AB was considered highly reliable for 

the reproducibility and also as a highly reliable parameter for assessing antero-
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posterior discrepancies while the ANB angle was considered least reliable for 

diagnosing the antero-posterior skeletal discrepancies. 

 Dr Akshita (2017)P

21
P This study suggested that vertical condylar 

asymmetries exists among post-adolescents with no clinical signs and 

symptoms of temporomandibular joint disorders and condylar, ramus and 

condylar plus ramus asymmetry indexes were not affected by the sex and β 

angle in these patients. Asymmetric index of condyle shows significant 

difference between Class II and Class III. 

 Mohammad Khursheed Alam, Irfan Qamruddin, Muhammed 

Najib (2016)P

9
P analyses such as ANB, Beta angle, W angle and the Yen angle 

were considered significant for the diagnosis of sagittal discrepancies. Racial 

background must be analysed before the initiation of treatment to individuals 

from different ethnic background. 

 Kedar M. Wani (2017)P

77
PThe established norms are reliable and 

comparable with the local population with no significant difference between 

the genders. 

 Dr Dhananjay Rathod (2017)P

56
P Beta angle is relatively a stable 

parameter in population with different ethnicities. 

 Sowmya B Rao (2015)P

55
P  for orthognathic surgery, Beta angle can be 

used to suggest whether it is a class II or III skeletal pattern 

 Kasem Ahmed Abeas (2016)P

1
P μ angle can be effectively used to 

measure sagittal jaw relationship when other measures fail. 

 Mohammad Khursheed Alam (2016)P

7
P In this study Bangladeshi 

cephalometric norms were established for Beta angle, W angle and Yen angle; 

which were found comparable to the established standards. Bangladeshi males 
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and females are similar in craniofacial morphology as there was no sexual 

dimorphism was found for any of the performed sagittal analyses. 

 Romina M Kapadia (2017)P

36
P Yen angle and W angle show highest 

correlation with the ANB angle and the least correlation with Wits appraisal. 

However, Yen angle and W angle can be indicated to accurately diagnose the 

sagittal jaw dysplasia in addition to the established angles. 

 Dr Lalitha Chiurupati (2015)P

22
P Different set of cephalometric norms 

for different ethnic groups should be formulated so as to guide the orthodontist 

and surgeon to optimize the treatment plan based on local norms. 

 S. Dhinahar (2017)P

24
P Beta angle measurement remains constant even 

with the changes in the position of cranial landmarks, jaw rotations or dental 

occlusion. According to our study conducted in Chennai population the beta 

angle values were slightly different from the original values given for white 

population. Class I skeletal pattern was found to have beta angle between 26P

0
P 

and 36P

0
P, Class II skeletal pattern had beta angle less than 26P

0
P, Class III 

skeletal pattern had angle greater than 36P

0
P. These values did not show 

significant difference from the values in the original study. There was no 

statistical significant difference between the mean beta angle value for male 

and female samples. 

 Giuseppe Perinetti (2018)P

47
P compared to the Beta angle and MMBP-

Wits, ANB angle is shown to be subjected to significantly more geometrical 

distortion. For the Beta angle and MMBP-Wits, floating norms have been 

provided to individualize the reference values. 
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 Farah Naz (2017)P

45
PAlthough over-jet could be used for predicting the 

sagittal jaw relationship, it is not the predictor of vertical facial pattern. Over-

bite is a good predictor of vertical facial pattern. 

 Dr. Madhuri Chandak (2018)P

20 
PThe YEN angle can be used 

effectively to assess the sagittal jaw discrepancy. 

 Sumit Bohra (2018)P

17
P The Beta angle was the most significant for 

assessing class II and class III cases whereas the Pi analysis and the Yen angle 

were more significant for assessing class I cases. 

 Trenouth, Desmond (2015)P

74
P W angle exhibited more differentiation 

of skeletal response within groups than the ANB angle as the ANB angle is 

influenced by the various confounding factors such as incisor angulation. 

 Narayana Prasad (2013)P

51
P There was no statistically significant 

difference between the mean beta angle values between the males and females 

of the Garhwali population. 

 Mohammad Khursheed Alam, Irfan Qamruddin, Rehana Basri 

(2016)P

6
P cephalometric norms were insignificantly different in both Malays and 

Malaysian Chinese population. 

 Amit Kalra (2018)P

33
P compared to other angles, W angle can be used 

to identify class II  malocclusion whereas HBN angle is a better angle to 

identify class III malocclusion 

 Abdullah Jan (2017)P

32
P significant correlation was found between 

ANB angle and Wits appraisal. 
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 This retrospective study was conducted in the Department of Orthodontics and 

Dentofacial Orthopedics, CSI College of Dental Sciences and Research, Madurai.  

Sample comprised of 400 pre-treatment lateral Cephalograms. The variables 

calculated were SNA angle, SNB angle, ANB angle and Beta Angle.  

 Study was done using the available pre-treatment lateral cephalograms of 

patients with malocclusion requiring orthodontic treatment. Patients selected were 

between the age group of    10–47 years and have not undergone any orthodontic 

treatment before. 

  The lateral Cephalograms that were used were exposed with jaws held in 

centric relation, lips placed in a relaxed position, and the head which was held in the 

Natural head position (NHP). The cephalograms were taken with Sirona Orthophos 

XG X -ray machine. (FIGURE 1)  

 All the radiographs were recorded with the same exposure parameters by the 

same machine. The radiographs tracings were done, and the ANB angle, Beta angle 

were measured to find the sagittal dysplasia and most valid angle amongst them. 

 The various classes of malocclusion were included in the study. The exclusion 

criteria for the study were patients having craniofacial anomalies and cleft palate or 

any history of previous orthodontic therapy. 

All the lateral cephalograms of  the patients were traced for angle ANB in the 

following manner: 
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The  following landmarks were used to measure the ANB angle:  
 

• Sellaturcica (S) 

• Subspinale (A point) 

• Supramentale (B point) 

Measurement for the ANB angle was done in the following way 

 

• The SN line which is drawn from the sella to the nasion 

• The NA line which is drawn from the nasion to  the point A 

• The NB line which is drawn from the nasion to point B 

SNA angle is the angle which was measured between the SN line and the NA line  

SNB angle is angle which was measured between the SN line and the NB line 

ANB angle is the angle which was calculated by measuring the difference between 

the SNA angle and the SNB angle. 

 

All the patients were divided into 3 skeletal classes based on angle ANB 

ANB ANGLE 

• (1) Class I skeletal pattern - 1° to 3°  

• (2) Class II skeletal pattern - greater than or equal to 4°  

• (3) Class III skeletal pattern - less than 1°   
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  The Beta angle uses three skeletal landmarks, A point, B point, and the C 

point which is the axis of the condyle. It was used to measure an angle which explains 

the severity of the malocclusion in the sagittal direction.  

 

3 POINTS 

1) A point: It is the deepest midline point on the premaxilla between the ANS 

and the prosthion  

2) B point: It is the most posterior point in the concavity between the infradentale 

and the pogonion  

3) C point: It is the center of the condyle. It is established by tracing the head of 

the condyle and approximating its center. 

 3 LINES 

 

(1) C-B line (FIGURE 3) 

(2) Line which connects points A and B. (FIGURE 2) 

(3) Line from A point which is perpendicular to the C-B line. (FIGURE 4) 

Lastly, by establishing Beta angle, between the last perpendicular line and the A-B 

line. 

BETA ANGLE  

(1) Class I skeletal pattern- 27° to 35° 

(2) Class II skeletal pattern- less than 27° 

(3) Class III Skeletal pattern -greater than 35° 
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ADVANTAGE OF BETA ANGLE   

(1) In cases when the jaws are rotated clockwise or counter clockwise, it remains 

constant 

(2) As it is not affected due to growth, orthodontic or orthognathic intervention, it can 

be used in consecutive comparisons throughout orthodontic treatment. 

MATERIALS 

1. X- ray viewer 

2. Matt acetate cephalometric tracing sheets. 

3. 3H pencil 

4. 400 pretreatment lateral cephalograms  

METHODOLOGY 

1) Pretreatment cephalograms were traced by manual method. 

2) The important hard and soft tissue structures were then traced and marking 

was done on the radiographs. 

3) The different reference points, planes and angles were traced on the 

radiographs. These following parameters are recorded for evaluation and 

comparison. 
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FIGURE 1- ORTHOPHOS XG X-RAY MACHINE 
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FIGURE 2- AB LINE 
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FIGURE 3- CB LINE 
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FIGURE 4- Line from the Point A perpendicular to the C-B line 
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 Based on Gender (TABLE 1, 12), there were a total of 173 males and 227 

females. In males, the mean ANB angle was 3.08° and the mean Beta angle was 

29.4°.In females, the mean ANB angle was 3.48° and the mean Beta angle was 

29.3°.No statistically significant differences were found as P value>0.05 

 Based on Mean (TABLE 2), the mean age was found to be 18 years in our 

study. The mean SNA angle and the SNB angle were found to be 80.9° and 77.5° 

respectively and the mean ANB angle and Beta angle were found to be 3.3±2.59° and 

29.37±5.39° respectively showing the greater variation of beta angle. 

 Based on ANB angle classification (TABLE 3), (GRAPH 2), the 400 

cephalograms were classified as:- 

Class I-174 cases 

Class II-184 cases 

Class III-42 cases 

 Based on Beta angle classification (TABLE 4), (GRAPH 1), the 400 

cephalograms were classified as:- 

Class I-218 cases 

Class II-136 cases 

Class III-46 cases 

 According to the Pearson Correlation coefficient (TABLE 5), the P 

value<0.05.There is a negative correlation between ANB angle and Beta angle in beta 

angle class I, class II and class III with the correlation coefficient -0.553, -0.33 and -

0.69 and the correlation is also statistically significant with the P value <0.05 showing 

that as the ANB angle increased, Beta angle decreased.  
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 In the above table the beta values for each beta group according to the ANB 

classes is compared.  From the above results there is an association between beta 

group class I (P<0.01) and class II (P=0.0030) with ANB groups.  But there is no 

association between beta group class III and ANB groups (P=0.0695). (TABLE 6) 

 In the above table the ANB values for each ANB group according to the Beta 

classes is compared.  From the above results there is an association between ANB 

group class I (P<0.01) and class II (P<0.01) with Beta groups. (TABLE 7)   

In the above table the ANB angle is compared between different classes and the 

obtained P value is <0.001 which is statistically significant.  It says that there is a 

difference in the ANB angle means scores between the classes. 

 According to ANOVA analysis (TABLE 8), the ANB angle in class I cases, 

the mean was found to be 2.03°.In class II cases, the mean was found to be 5.55° and 

in class III cases the mean was found to be -1.26° 

ANOVA showed that the P value is less than 0.05, which shows statistically 

significant difference between the groups.  

 According to ANOVA analysis (TABLE 9), the Beta angle in class I cases, 

the mean was found to be 30.95°.In class II cases, the mean was found to be 23.65° 

and in class III cases the mean was found to be 38.76° 

 In the above table the BETA angle is compared between different classes and 

the obtained P value is <0.001 which is statistically significant.  It says that there is a 

difference in the Beta angle means scores between the classes. 

 ANOVA showed that the P value is less than 0.05, which shows statistically 

significant difference between the groups.  
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 According to classification in ANB classes (TABLE 10), the Beta angle was 

found to have a mean of 31.61° in class I cases, 25.4° in class II cases and 37.2° in 

class III cases.   

 According to classification in Beta classes (TABLE 11), the ANB angle was 

found to have a mean of 2.68° in class I cases, 5.61° in class II cases and -0.54° in 

class III cases. 

 In the above table the ANB angle and Beta angle were compared between 

males and females.  The P values in the above table are 0.1281 for ANB angle and 

0.7939 for Beta angle which are greater than 0.05.  So there is no statistical significant 

difference in the two parameters between genders. (TABLE 12) 

 According to Post Hoc Scheffe’s Test (TABLE 13), significant differences 

were found in the mean difference of the different skeletal group patterns in ANB 

angle and Beta angle. Post hoc Scheffe’s test was done to analyze the independent 

variables. The lowest and highest ranges were noted in this test.  

 Intra class correlation (TABLE 14) between the two raters (student & staff) 

for both ANB and Beta are good correlations with the average value of 0.81 (ANB) 

and 0.82 (Beta).  Also the P value is statistically significant, which says that there is a 

good correlation between the two raters. 

As P value of 0.9 was deemed to be excellent correlation, our value 0.81 (ANB) and 

0.82 (Beta) was considered good correlation. 

 Based on Table 15, it can be deduced that significant variations exist amongst 

the mean values of different Beta skeletal classes obtained from studies done by 

various authors. 
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 Among Beta class I cases (GRAPH 3), (PIECHART 1), which were a total 

of 218 in number, when classified according to ANB classification, they were further 

divided as 140 ANB class I cases,62 ANB class II cases and 16 ANB class III cases 

   Among Beta class II cases (GRAPH 4), (PIECHART 2), which were a total 

of 136 in number, when classified according to ANB classification, they were further 

divided as 14 ANB class I cases,122 ANB class II cases and no ANB class III cases 

   Among Beta class III cases (GRAPH 5), (PIECHART 3), which were a 

total of 46 in number, when classified according to ANB classification, they were 

further divided as 20 ANB class I cases, no ANB class II cases and 26 ANB class III 

cases 

 Among ANB class I cases (PIECHART 4), which were a total of 174 in 

number, when classified according to Beta classification, they were further divided as 

140 ANB class I cases,14 ANB class II cases and 20 ANB class III cases 

 Among ANB class II cases (PIECHART 5), which were a total of 184 in 

number, when classified according to Beta classification, they were further divided as 

62 ANB class I cases,122 ANB class II cases and no ANB class III cases 

 Among ANB class III cases (PIECHART 6), which were a total of 42 in 

number, when classified according to Beta classification, they were further divided as 

16 ANB class I cases, no ANB class II cases and 26 ANB class III cases 

 Among Beta class I,individual distribution of ANB classes (GRAPH 6), a 

total of 51 cases came under ANB value 2°, a total of 48 cases came under ANB value 

3°, and a total of 41 cases came under ANB value 1°. 

 Among Beta class II,individual distribution of ANB classes (GRAPH 7), a 

total of 31 cases came under ANB value 4°&5° each, a total of 22 cases came under 

ANB value 4°, and a total of 12 cases came under ANB value 3°. 
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 Among Beta class III,individual distribution of ANB classes (GRAPH 8), 

a total of 15 cases came under ANB value 1°, a total of 7 cases came under ANB 

value 0°, and a total of 5 cases came under ANB value -1°. 
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TABLE 1.FREQUENCY TABLE FOR GENDER 

 

 

Gender 

 

N (%) 

 

Male 

 

173 (43.25) 

 

Female 

 

227 (56.75) 

 

Total 

 

400 (100) 

 

TABLE 2 : DESCRIPTIVE STATISTICS FOR AGE, ANB ANGLE AND             

                      BETAANGLE 

 

Variable N Mean (Standard deviation) Range 

Age in years 400 18.055 (5.48) 10 – 47 

SNA angle 400 80.9 (4.13) 68 – 93 

SNB angle 400 77.555 (4.14) 66 – 90 

ANB angle 400 3.3075 (2.59) -6 to 9 

Beta angle 400 29.37 (5.39) 13 – 49 
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TABLE 3.DISTRIBUTION FOR ANB ANGLE: 

 

ANB angle N (%) 

Class I (1,2,3) 174 (43.50) 

Class II (>=4) 184 (46.00) 

Class III (<=0) 42 (10.50) 

Total 400 (100) 

 

TABLE 4 : DISTRIBUTION FOR BETA ANGLE: 

Beta angle N (%) 

Class I 218 (54.5) 

Class II 136 (34) 

Class III 46 (11.50) 

Total 400 (100) 
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TABLE 5.TABLE FOR CORRELATION: 

ANB angle Vs. 

Beta angle 

N Correlation (r) 

coefficient 

P value P

K 

Beta angle Class I 218 -0.5464 <0.001 

Beta angle Class II 136 -0.33 <0.001 

Beta angle Class III 46 -0.69 <0.001 

 

K- Karl Pearson correlation 

 

TABLE 6.AMONG BETA GROUPS-ASSOCIATION BETWEEN AND ANB 

ANGLE AND BETA ANGLE: 

Beta group 

ANB group 

Total P valueP

K Class I 

N (%) 

Class II 

N(%) 

Class III 

N (%) 

Class I 140 (64.22) 62 (28.44) 16 (7.34) 218 (100) <0.01 

Class II 14 (10.29) 122 (89.71) 0 136 (100) 0.0030 

Class III 20 (43.48) 0 26 (56.62) 46 (100) 0.0695 

Total 174 (43.5) 184 (46) 42 (10.5) 400 (100)  

 

K-Kruskal Wallis test 
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TABLE 7.AMONG ANB GROUPS-ASSOCIATION BETWEEN AND BETA 

ANGLE AND ANB ANGLE: 

 

 

ANB group 

 

Beta  group Total P valueP

K 

Class I 

N (%) 

Class II 

N(%) 

Class III 

N (%) 

Class I 140 (80.46) 14 (8.05) 20 (11.49) 174 (100) <0.001 

Class II 62 (33.7) 122 (66.3) 0 184 (100) <0.001 

Class III 16 (38.1) 0  26 (61.9) 42 (100) 0.0003 

Total 218 (54.5) 136 (34) 46 (11.5) 400 (100)  

 

K-Kruskal Wallis test 

 

TABLE 8.COMPARISON OF ANB ANGLE BETWEEN CLASSES: 

Class N Mean (SD) P value P

A 

Class I 174 2.03 (0.82)  

<0.001 Class II 184 5.55 (1.42) 

Class III 42 -1.26 (1.68) 

 

A- One way ANOVA 
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TABLE 9.COMPARISON OF BETA ANGLE BETWEEN CLASSES 

 

Class N Mean (SD) P value P

A 

Class I 218 30.95 (2.3)  

<0.001 Class II 136 23.65 (2.47) 

Class III 46 38.76 (3.6) 

 

A- One way ANOVA 

TABLE 10.DESCRIPTIVE STATISTICS FOR BETA ANGLE IN ANB             

                 CLASSES 

ANB Classes N Mean (Std. deviation) Range 

Class I 174 31.61 (3.26) 24 - 39 

Class II 184 25.44 (3.56) 13 - 33 

Class III 42 37.28 (5.17) 30 - 49 
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TABLE 11.DESCRIPTIVE STATISTICS FOR ANB ANGLE IN BETA 

CLASSES: 

 

BETA Classes N Mean (Std. deviation) Range 

Class I 218 2.68 (1.68) -1  to 7 

Class II 136 5.61 (1.67) 2 to 9 

Class III 46 -0.54 (2.15) -6 to 3 

 

TABLE 12.GENDER WISE COMPARISON OF ANB ANGLE AND BETA 

ANGLE: 

 

Parameter Male Female P value P

T 

N Mean (SD) N Mean (SD) 

ANB angle 173 3.08 (0.21) 227 3.48 (0.16) 0.1281 

Beta angle 173 29.45 (0.45) 227 29.31 (0.33) 0.7939 

 

T-Unpaired Student’s T test 
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TABLE 13.COMPARISON OF DIFFERENT CLASSES IN ANB ANGLE AND 

BETA ANGLE USING POST HOC TEST: 

 

Dependent 

variable 
(I) (J) 

Mean 

difference 

(I-J) 

P value 
95% Confidence 

Interval 

 

ANB angle 

 

Class I 

Class II -3.531 0.000 -3.851, -3.211 

 Class III 3.291 0.000 2.771, 3.81 

Class II Class I 3.531 0.000 3.211, 3.851 

 Class III 6.821 0.000 6.305, 7.338 

Class III Class I -3.291 0.000 -3.81, -2.771 

 Class II -6.821 0.000 -7.338, -6.305 

 

Beta angle 

 

Class I 

Class II 7.299 0.000 6.616, 7.982 

 Class III -7.806 0.000 -8.821,-6.792 

Class II Class I -7.299 0.000 -7.982, -6.616 

 Class III -15.106 0.000 -16.172, -14.041 

Class III Class I 7.806 0.000 6.792, 8.821 

 Class II 15.106 0.000 14.041, 16.172 
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TABLE 14.COMPARISON OF BETA ANGLES BETWEEN TWO RATERS: 

 

Number of cases =        35 

Number of raters =         2 

-------------------------------------------------------------- 

Beta |        ICC       [95% Conf. Interval] 

-----------------------+-------------------------------------- 

            Individual |   .6952406       .4773684    .8330955 

               Average |   .8202264       .6462415    .9089494 

-------------------------------------------------------------- 

 

 P value = 0.000 

 

Note: ICCs estimate correlations between individual measurements and between 

average measurements made on the same target. 
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TABLE 15.COMPARISION OF BETA ANLE MEANS IN DIFFERENT 

SLEKETAL CLASSES AMONGST VARIOUS STUDIES 

 

NAME OF THE STUDY 

BETA 
SKELETAL 

CLASS I 
MEAN 

BETA 
SKELETAL 

CLASS II 
MEAN 

BETA 
SKELETAL 
CLASS III 

MEAN 

1) OUR STUDY 
 
 

30.95°±2.3° 23.65°±2.47° 38.76°±3.6° 

2) MARUTHI(2018) 
 
 

29.3° 24° 37° 

3) ATUL JAJOO(2018) 
 
 

31.7°±3.8° 24.9°±2.1° 39.2°±3.6° 

4) DHINAHAR(2017) 
 
 

30.9°±3.2° 26.7°±6.4° 41.7°±5.4° 

5) BAIK(2004) 
 
 

31.2°±2° 24.5°±3° 40.0° ± 4.2° 

6) RAJESH AGARWAL 
(2013) 

 
 

32.3° 23.8° 39.8° 

7) IRFAN 
QAMRUDDIN(2012) 

 
 

30.4°±2.6° 26.9°±6° 34.7°±5.4° 

8) ALAM(2016) 
 
 
 

31.04°±2.8° 24.4°±2.3° 35.2°±2.8° 
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GRAPH 1.DISTRIBUTION OF BETA CLASSES: 

 

 

GRAPH 2.DISTRIBUTION OF ANB CLASSES: 
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GRAPH 3.AMONG BETA CLASS I – DISTRIBUTION OF ANB CLASSES: 

 

 

GRAPH 4.AMONG BETA CLASS II – DISTRIBUTION OF ANB CLASSES: 
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GRAPH 5.AMONG BETA CLASS III- DISTRIBUTION OF ANB CLASSES: 

 

 

 

 

 

 

 

 

GRAPH 6.AMONG BETA CLASS I – INDIVIDUAL DISTRIBUTION OF ANB 

CLASSES: 
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GRAPH 7.AMONG BETA CLASS II – INDIVIDUAL DISTRIBUTION OF 

ANB CLASSES: 

 

 

 

 

 

 

 

GRAPH 8.AMONG BETA CLASS III – INDIVIDUAL DISTRIBUTION OF 

ANB CLASSES: 
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PIE CHART 1.AMONG BETA CLASS I- DISTRIBUTION OF ANB CLASSES  

 

 

 

PIECHART 2.AMONG BETA CLASS II- DISTRIBUTION OF ANB CLASSES  
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Total - 218
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Beta class 
II, 14 Beta Class 

III, 20

Beta Class 
I, 140

Total - 174

PIECHART 3.AMONG BETA CLASS III- DISTRIBUTION OF ANB 

CLASSES  

 

PIECHART 4.AMONG ANB CLASS I- DISTRIBUTION OF BETA CLASSES  

 

 

 

 

PIECHART 5.AMONG ANB CLASS II- DISTRIBUTION OF BETA CLASSES  

ANB class 
I, 20

ANB class 
III, 26

Total - 46 
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Beta Class 
I, 16

Beta Class 
III, 26

Beta Class 
I, 62

Beta Class 
II, 122

Total - 184

 

 

 

 

 

 

 

 

 

PIECHART 6.AMONG ANB CLASS III -DISTRIBUTION OF BETA 

CLASSES 
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 Based on Gender, In males, the mean ANB angle was 3.08° and the mean 

Beta angle was 29.4°.In females, the mean ANB angle was 3.48° and the mean Beta 

angle was 29.3°.No statistically significant differences were found between them. 

 Based on Mean, the mean age was found to be 18 years. The mean SNA 

angle and the SNB angle were found to be 80.9° and 77.5° respectively and the mean 

ANB angle and Beta angle were found to be 3.3±2.59° and 29.37±5.39° respectively. 

Thus greater variation of beta angle was seen, compared to other studies. 

 Based on ANB angle classification, the 400 cephalograms were classified as 

Class I-174 cases, Class II-184 cases, Class III-42 cases 

 Based on Beta angle classification, the 400 cephalograms were classified as 

Class I-218 cases, Class II-136 cases, Class III-46 cases 

 According to the Pearson Correlation coefficient, there was a negative 

correlation between ANB angle and Beta angle and the correlation was statistically 

significant with the P value <0.05 showing that as the ANB angle increased, Beta 

angle decreased.  

 According to the Kruskal wallis test, there is an association between beta 

group class I (P<0.01) and class II (P=0.0030) with ANB groups. There is also an 

association between ANB group class I (P<0.01) and class II (P<0.01) with Beta 

groups. There is a difference in the ANB angle mean scores between the classes. 

 According to ANOVA analysis, in ANB angle, the P value is less than 0.05, 

which shows a statistically significant difference between the groups. In Beta angle, 

there was a difference in the Beta angle means scores between the classes and the P 

value is less than 0.05, which showed statistically significant difference between the 

groups. 
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Studies have been done to ascertain mean values of Beta angle amongst various 

classes of malocclusion with variations evident in almost all studies from the 

established mean.  (Refer Table 15) 

 Beta angle in ANB classes, the Beta angle was found to have a mean of 

31.61° in class I cases, 25.4° in class II cases and 37.2° in class III cases. 

  ANB angle in Beta classes, the ANB angle was found to have a mean of 

2.68° in class I cases, 5.61° in class II cases and -0.54° in class III cases. 

 In Gender wise comparision between ANB angle and Beta angle, there is 

no statistical significant difference in the two parameters between genders. 

 According to Post Hoc Test, significant differences were found in the mean 

difference of the different skeletal groups in ANB angle and Beta angle.  

 In Intra class correlation, there was a good correlation between the two 

raters. 

 Among Beta class I cases, which were a total of 218 in number, when 

classified according to ANB classification, they were further divided as 140 ANB 

class I cases,62 ANB class II cases and 16 ANB class III cases   Among Beta class II 

cases, which were a total of 136 in number, when classified according to ANB 

classification, they were further divided as 14 ANB class I cases,122 ANB class II 

cases and no ANB class III cases. 

   Among Beta class III cases, which were a total of 46 in number, when 

classified according to ANB classification, they were further divided as 20 ANB class 

I cases, no ANB class II cases and 26 ANB class III cases. 
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 Thus, in class II skeletal maloclussion, maximum correlation was seen 

between ANB and Beta angle and the least correlation was seen in class III 

malocclusion. 

 Various angular and linear measurements are used to assess the maxilla-

mandibular sagittal discrepancy, which are of prime importance in diagnosis and 

treatment planning. 

 The mean values for ANB angle and Beta angle among various classes differ 

significantly from the other classes. The mean ANB angle in class I group is 2.03 ° 

with a Standard deviation of 0.82°. It is quite close to the mean ANB value of 

Richardson which was found to be 2.32°± 1.92° and Järvinen which was  2.9°± 

2.4°.However, the  mean ANB values of Walker and Kowalski  was  found to be 4.5° 

which was increased when compared with our study mean values. The mean Beta 

angle value in class I group in our study was 30.95 ° with an SD of 2.3°.  It was 

almost close to Baik and Ververidou whose mean Beta angle values 31.1° ± 2.0° P

31
P. 

 The present study showed that the beta angle had a mean value of 30.95±2.3° 

for skeletal Class I group, 23.65±2.47° for skeletal Class II group, 38.76±3.6° for 

skeletal Class III group. Similar results were found in the study done by Baik and 

Ververidou where the mean value for beta angle in skeletal Class I subject was 31.1° 

± 2°, for skeletal Class II was 24.5° ± 3°, for skeletal Class III was 40.0° ± 4.2°. In a 

study done by Vickram MaruthiP

41
P , the beta angle for class I skeletal base was found 

to be 29.3°, class II skeletal base was found to be 24°, class III skeletal base was 

found to be 37°. Based on ANOVA analysis, there was statistically significant 

difference between the different classes of malocclusion in patients who reported to 

CSI College of dental sciences and research, Madurai for treatment. 
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 In our study, the mean scores of ANB angle in class I skeletal pattern were 

2.03° ± 0.82°,  class II skeletal pattern were 5.55° ± 1.42°, and for class III skeletal 

pattern were –1.26° ± 1.68°.Significant differences were found in ANB angle and beta 

angle for all the three skeletal groups. It should be noted that contrary to the steiner’s 

analysis which provides a diagnosis of class II malocclusion for higher values of ANB 

and class III malocclusion for lower values of ANB, the Beta angle gives a diagnosis 

of class III for higher values(35° and above) and class II for lower values(27° and 

below).  

 Therefore an inverse proportionality exists between ANB and Beta angles 

where decrease in one angle reflects as an increase in the other angle.  

 Our results were comparable to the study conducted by AgarwalP

2
P in Jaipur 

population. This study showed that the population groups showed a significant 

negative correlation for ANB and Beta Angle, suggesting that as ANB increased, Beta 

angle decreased and vice versa. This is true as in steiner’s analysis it is class III, class 

I, class II in ascending order and in beta analysis, it is class II, class I, class III in 

ascending order respectively 

 In a study done by Maruthi and KandasamyP

41
P, a significant difference was 

found in the mean scores of beta angle for the various skeletal pattern groups of 

Chennai population. 

 Practitioners nowadays are treating severe malocclusions in combination with 

orthognathic surgery with more frequency. Maxillo-mandibular assessment that 

provides an accurate diagnosis of sagittal dysplasia at an early age would be 

desirableP

2
P. However, the ANB angle which is the most followed parameter for 

assessing the sagittal jaw relationship remains affected by various factors and can 
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often be prone to errors. The result of this study showed significant ANB angle values 

(p<0.001) among three groups. Our study shows that Beta angle values were 

statistically significant among the various groups. This is also supported by Baik and 

VerveridouP

15 
Pwho stated that Beta angle does not depend on cranial landmarks or the 

functional occlusal plane and remains relatively stable even when the jaws are rotated. 

Another advantage of the Beta angle according to them was that, it can be used in 

consecutive comparisons throughout orthodontic treatment as it reflects true changes 

of the antero-posterior relationship of the jaws, which might be due to growth, 

orthodontic or orthognathic intervention. 

 When compared to other cephalometric sagittal dysplasia indicators ANB 

angle is most widely used and accepted due to its ease of use. But when it comes to 

matter of reliability, the above stated reasons itself limits its usage in all cases.Riedel 

(1952) discovered ANB angle for evaluating the maxillo-mandibular antero-posterior 

relationship. Cecil C Steiner in 1953 in his classic article stated 'Cephalometrics for 

you and me' popularized it. As the nasion grows 1mm a year and its position is not 

fixed, any deviation of the nasion will directly affect the ANB angle. The ANB angle 

can also be changed by the rotation of the jaws either by growth or orthodontic 

treatment. Measure of the ANB angle is greatly affected by the position of point N, 

the slope of the SN plane, and the movement of point A, point B in the vertical plane. 

 The argument over the ideal variable to judge the antero-posterior discrepancy 

has continued over the years and in this regard ANB angle, β angle have been 

evaluated. At the same time the angle showed variation associated with growth, 

orthodontic treatment and orthognathic surgery. According to our study, the mean 

Beta angle was 29.37± 5.39. Baik and Ververidou calculated the mean of beta angle 

as 31.1 ± 2 degrees, Fattahi et al 35.5 ± 3.1 and Sadeghian, et al as 31.7 ± 3.3°. In 
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regard to the effect of growth on Beta angle, Sadeghian et al showed direct 

significant, but weak correlation between age and Beta angle (r = 0.435) with 

increase in age corresponding to an increase in beta angle, thus showing the 

cephalocaudal gradient of growthP

13
P.  

 The purpose of our study was to check the validity of Beta angle, to assess the 

sagittal relationship between maxilla and mandible. Our sample size comprised of 

400 patients, in which 174 patients were Class I, 184 patients were class II and 42 

patients were class III, based on the ANB angle. A similar study was conducted by 

Baik and Ververidou in Greece on the white population. They had a sample size of 

164 pre-treatment individuals which consisted of 76 Class I, 42 Class II, 46 Class III 

cases. In our study the range of Beta angle in Class I patients (ANB 1-3°) was found 

to be 24°-39°. In Class III patients (ANB below 1°) the Beta angle was established to 

be mostly above 35° in this research which is similar to the study done by Baik and 

Ververidou. Although Beta angle was found to be a reliable method to diagnose the 

various skeletal classes, it is difficult to locate the axis of the condyle due to artifacts 

in the radiographs used. Moreover, the Beta angle does not diagnose which jaw is 

involved in skeletal discrepancy whether the maxilla or the mandible, therefore other 

cephalometric analyses also have to be used as adjuncts to assess the position of the 

jaws.  

 According to Sundareswaran S et alP

70
P, the beta angle may not be a definitive 

tool for evaluating the sagittal jaw discrepancy in patients who exhibit vertical 

growth patterns in skeletal Class I and Class II malocclusions. However, it is a 

reliable indicator of sagittal dysplasia in normal growth pattern and horizontal 

growth patterns. ANOVA and the mean differences were calculated to compare the 

Skeletal Class I, the Skeletal Class II and Skeletal Class III groups. Analysis of 
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variance showed a statistically significant intergroup difference (p<0.001). Beta 

angle showed a good correlation with all anterio-posterior dysplasia parameters. 

Thus, beta angle gives equally good assessment for different skeletal malocclusions. 

Most of the orthodontic patients consult the orthodontist when they have problems 

with the positioning and alignment of their teeth which in turn affects the esthetics of 

the face. To treat such cases, one has to understand the craniofacial morphology of 

the surrounding dento-alveolar skeletal structures by assessing the sagittal jaw 

relationship. Straight profile individuals with normal dento-alveolar apical base 

relationship usually have well balanced dental arches. However, their validity is 

always questioned by various investigators.  

 Precision of sagittal relationship plays a very crucial role in orthodontic 

treatment planning for which both linear and angular measurements have been used 

consistently. Changes in the facial height, inclination of jaws and prognathism of 

jaws can cause problems in the angular measurements whereas inclination of the 

reference line gives an error in linear variable. Moyers et al. in his article has 

categorically stated about the deficits of such cephalometric analysis.  

 Establishing the maxillary and mandibular position in sagittal plane is an 

inevitable step to understand the craniofacial morphology for diagnosis and treatment 

planning in orthodontics. Although various analyses are available for measuring the 

maxillo-mandibular discrepancies, all have their limitations. Therefore there is 

continuous advent of newer analysis to overcome the shortcomings of previous 

analysis. The measured values of ANB for all the skeletal classes in our study were 

found to be close to the original standards given by Steiner's (Steiner, 1959).Another 

study that was conducted on Bangladeshi population, reported a difference of 0.41° 
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in the value of ANB when compared with the Caucasians standards (Alam et al., 

2012). However Sajedeen who studied the Bangladeshi children had reported slightly 

higher values for ANB (4.1°) and concluded that the maxilla of the Bangladeshi 

children was set forward when compared to the Caucasians (Sajedeen et al., 

2013).The measured values of Beta angle for all the skeletal classes were also 

comparable to the Caucasian norms. There was no previous study found on Beta 

angle measurement in Bangladeshi population, but the results were comparable to the 

Pakistani norms (Fida 2008, Qamruddin et al 2012)P

7
P. 

 The results of our study show that the performed analysis not only exhibited 

significantly different values for all three skeletal classes (p < .001) but were also 

found to be equally reliable to identify the skeletal sagittal discrepancies.  

 As reported by the authors, a significant finding was that the Beta angle did 

not change with the rotational changes of the jaws. This characteristic can be 

extremely helpful for a multitude of treatments that may cause the rotational changes 

of the jaws. 

 The study was based on a large sample of 10 to 47-year-old individuals that 

was representative of its original population. The ratio of females to males was 

slightly higher as 56.7% of our sample size population was females. This is true to 

our findings as generally more females report for orthodontic treatment compared to 

males in our population.There is no statistical significant difference in the two 

parameters between genders. Our study showed increase or almost equal number of 

class II patients to class I patients. This is unlike the usual representation of increased 

class I patients to class II or class III patients. 
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 A correct anteroposterior evaluation of maxillomandibular relationships plays 

a crucial role in orthodontic diagnosis and treatment planning.Angular measurements 

are influenced by changes in facial height, inclination of the jaws, and prognathism 

of jaws, whereas linear variables are affected by the inclination of the reference line.  

Cephalometrics involves measurement, description and appraisal of dentofacial 

growth and changes in the skull by measuring certain planes, lines, and angles 

between anthropometric landmarks and points. Though the apical base relationships 

were constant in all conditions, the ANB angle becomes either small or large, so such 

measurements were not trustworthy.  

  Sachdeva et alP

52
P, in his study measured the antero-posterior maxilla-

mandibular relationship by comparing with various analysis such as the ANB angle, 

Beta angle, Wits appraisal and W angle. 

 According to him, the Beta angle,Yen angle, W angle were significant angles 

for assessing sagittal jaw relationship. 

YEN ANGLE (2009)P

 46 

 Neela et a reported the Yen angle which was developed in the Department of 

Orthodontics and Dentofacial Orthopaedics,Yenepoya Dental College, Mangalore, 

Karnataka, India.It has reference points such as point S,M,G. 

 Mean value  

Skeletal Class I- 117 º to 123º 

Skeletal Class II -less than 117º,  

Skeletal Class III- greater than 123º 
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It has an advantage over the Beta angle as the difficulty in locating the condyle axis 

is eliminated. However, rotations of jaws can camouflage true sagittal dysplasia here 

also. 

W-ANGLE (2011) 

 It was introduced by Bhad et al. It uses the points S, G and M similar to the 

Yen angle. 

Mean value  

Skeletal Class I- 51 º to 56º 

Skeletal Class II -less than 51º,  

Skeletal Class III- greater than 56º 

  In females with Class III skeletal pattern, W angle has a mean value of 57.4º, 

whereas in males, it has a mean of 60.4º and the difference is statistically significant. 

The authors claim that W angle reflects true sagittal dysplasia and is not influenced 

by growth rotations. 

PI ANALYSIS (2012)P

37 

  A new method of assessing the AP jaw relationship was developed by Kumar 

S et al. It uses the points G and M. 

Mean value  

Skeletal Class I- 3.40° ±2.04° 

Skeletal Class II -8.94° ±3.16° 

Skeletal Class III- 23.57° ±1.61° 
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 It is widely accepted that identifying derived landmarks like the condylion 

used in our study can be prone for error in identification. In order to rule out the 

landmark identification errors as cause for changes in our values, it was decided to 

recruit another operator to crosscheck our values with X-rays showing maximum 

discrepancy between ANB and Beta angle were chosen to be re-evaluated by an 

experienced operator (Dr. M).This precaution was taken for ruling out gross errors 

that may have the profanity to alter the results of our study. 

 Considering the significant difference between the range of classes in ANB 

and Beta angle, it can be inferred that cephalometric x-rays with gross errors in 

magnification or head position could be contributing factors for such a wide range of 

classes. 
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SUMMARY 

 

1. All the performed measurements ANB angle, Beta angle, have statistically 

significant values for skeletal class I, II and III. 

2. All performed analyses have equal diagnostic importance and reliability 

therefore can be used as alternative analyses for each other, when certain 

factors make the use of one analysis difficult. 

3. A negative correlation exists between beta angle and ANB angle showing an 

increase in ANB angle to be associated with a reduced beta angle, thus 

accurately predicting class II skeletal population 

4. Results show inconsistencies in the range of beta angle for the same value of 

ANB. Due to the wide range of Beta angle, it has to be adjusted and tailored to 

suit the Indian population.   

5. In this study, cephalometric norms established for Beta angle, were found 

digress from the established standards. The present study showed that the beta 

angle for Class I skeletal group had a mean value of 30.95±2.3°, for Class II 

skeletal group 23.65±2.47°, for Class III skeletal group 38.76±3.6°. 0TThere was 

no statistically significant difference between mean Beta angle values between 

male and female samples. 

6. Intra class correlations between the two raters (student & staff) for both ANB 

and Beta angle showed a good correlation which indicates that identification 

of landmarks between raters does not have clinically significant differences. 
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CONCLUSION 

 

 Based on our study and with the given sample size, we came to a conclusion, 

that the range of normal Beta class I relation of 24°-39° seems to be appropriate as a 

representative range of class I occlusion in our population. 

 As can be expected, our sample size consisted of more female patients than 

males; no gender disparity was noted regarding various classification of malocclusion. 

 A significant finding which can be deduced was that an excellent correlation 

was seen in class II malocclusion across Beta and ANB angle. 

 This finding has significant ramification with regard to Beta angle being a 

viable alternative to the Steiner’s ANB angle when it comes to confirming a diagnosis 

of class II malocclusions 

 A possible explanation for disparities in number of class I ANB and class I 

Beta angle could be the range of 27°-35° offered by Baik and Ververdiou requiring 

slight modifications to suit our geographic region and racial phenotype. 

 Based on our study, a better representative range of class I malocclusion with 

regards to Beta angle can be altered to 25°-37° 

 However, further studies are required for us to make a definitive change in 

range given by the original authors. 

 With regard to the mean Beta angle amongst the various skeletal classes, 

significant variation from the established ideal values maybe due to the presenting 
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sample variations or could be due to the need to adjust the normal values relevant to 

our geographic and racial phenotypes. 

 With regard to class III malocclusion, maximum disparities were seen with 

regard to number of ANB class III and Beta class III. Possible explanation of this 

quirk was in our study a range of 1°-3° was taken as a representative sample of ANB 

class I which includes a significant number of patients with 1° ANB falling into class 

I range instead of class III. 

  Based on our inter-observer reliability test, that landmark identification did 

not prove to be a deterrent in calculating accurate values. 

 As a result of our study, it can be ascertained that the diagnostic importance 

and reliability of Beta angle was significantly higher with regards to class II 

malocclusion. Thereby making it a viable alternative to ANB and making accurate 

diagnosis. 

 Among all classes for Beta angle, there was a significant correlation between 

ANB and Beta angle, which can be interpreted as beta angle being a viable alternative 

to ANB angle in identifying sagittal discrepancies. 
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Annexure -II 

 

PERMISSION FORM 

 

Title of the study : BETA ANGLE AS A VIABLE ALTERNATIVE TO 

STEINER’S ANALYSIS’ANB TO IDENTIFY SAGITTAL DISCREPANCIES. 

Respected Sir, 

 This being a retrospective study, I need to access the radiographic information 

of the patients who have visited the department of Orthodontics and Dentofacial 

Orthopaedics in C.S.I College of dental sciences and research. I also assure you that 

the demographic details of the patient will not be disclosed at any point of my study. 

So, I kindly request you to grant me permission for accessing the department records 

for my study. 

 

 

 

 

Signature & seal of the HOD 
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