
ABSTRACT:

BACKGROUND: As the facial contour changes, the morphology of underlying apical bases also changes. 
Various parameters were proposed but there reliability is uncertain.

MATERIAL AND METHODS: A retrospective cross sectional study with a purposive convenience sampling 
technique was conducted in Dept. of Orthodontics; K.M Shah Dental College and Hospital. A total of sixty 
lateral cephalogram were collected and were further divided into four groups according to the value of Down's 
angle of convexity (GR I [4 samples]: Angle of convexity < -5, GR II [22 samples]: Angle of convexity -5 to +5, 
GR III [14 samples] Angle of convexity +6 to +10 and GR IV [20 samples] Angle of convexity > + 10).Sagittal 
jaw relationship of subjects in each group was studied by using parameters ANB angle, Wits appraisal and 
Beta angle.

OBSERVATIONS AND RESULTS: A mean value of -12.4± 7.82º in group I, 1.61±2.45 ºin group II and 8.18 
±1.41º in group III and 14.35±2.71º was observed with N-A-Pg angle. Statistical significant difference was 
observed with parameters ANB angle, Wits appraisal and Beta angle.  A strong positive correlation was 
observed with angle ANB(r=0.89) followed by Wits (r=0.70), Beta angle (r=-0.73) and mandibular plane 
angle Go-Gn – SN (r=0.23).

CONCLUSION: Angle ANB, Wits appraisal and Beta angle differed significantly with angle of convexity.  We 
could not observe any significant correlation with mandibular plane angle. However a further study has to be 
carried out with a larger sample size to find out the correlation accurately among each groups individually. 
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Introduction: 

Cephalometric radiography is one of the most 

commonly used diagnostic tools for the assessment 

of sagittal jaw relationships of subjects having 

different types of facial contour (facial convexity). 

As the facial contour changes, the morphology of 
[1]underlying apical bases is also likely to change.  

During orthodontic treatment, the orthodontist has 

to take care of both apical base relationship as well 

as facial contour to give normal occlusion and 

pleasing profile to the individual. Amongst the 

various parameters proposed by different 
[2] [3]

investigators, angle ANB  and Wits appraisal  are 

the most commonly used parameters for the 

assessment of the apical base relationship. Though 

very commonly used, various authors in the 

literature have questioned there reliability and have 

put several distorting factors forward against them 
[4-13]. 

Measure of angle ANB is greatly influenced by the 

position of point Nasion, the slope of plane SN, the 

movement of point A and movement of point B in 
[14-17]

vertical plane . The measure of Wits appraisal is 

similarly influenced by the orientation and rotation 
[18]of the occlusal plane . Rotation of maxillary and 

mandibular plane will influence these parameters.

A new approach to assess the sagittal jaw 

relationship has been put forward in terms of 
[18]measuring “Beta angle” on a lateral cephalogram . 

This parameter is claimed to be of greater accuracy 

as having greater angular range and being 

unaffected by the facial forms.
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vAims and objectives:

The percent study is carried out on 60 subjects 
having different types of facial contours with the 
following aims and objectives:-

• To assess the value of Beta angle in subjects 
having different types of facial contours based 
on angle of convexity. 

• To assess difference of mean value and 
correlation between the Beta angle, Angle ANB 
and Wits appraisal in subjects of various groups 
having changing facial Convexity.

vMaterials and Methods:

For the present study, sixty lateral cephalogram 
from the records files of orthodontic patients 
seeking orthodontic treatment at Dept. of 
Orthodontics; K.M Shah Dental College and 
Hospital were collected. Care was taken about 
the clarity and quality of the cephalogram 
selected so that the necessary points and 
landmarks can be accurately plotted without 
any error. The following points and planes were 
drawn on each cephalogram.
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 (1)  S (S ella) Th e m idpoint of th e hypophseal fossa . It is a constructed 

(radiological) po int in the m edia n plan e. 

(2) N (Nasion)  The most anterior point of the  nasofron tal sutu re in the median 

plane. 

(3) Point A 

(Subspinale) 

The deep est midline po int in the curved  bony outl ine form the 

base to the alveolar pro cess of the maxil la i.e. at  the deepest point 

between anterior nasal spine and prosthion. 

(4) Point B The deepest midlin e point on the mandible b etween Pogonio n and 

the crest o f the mandibular alveolar proc ess. 

(5) Pog 

(Pogonion) 

The most anterior poin t of the bod y chin in the median plane. 

(8) Point AO Po int of contact of the perpendicular from point A on the occlusal 

plane. 

(9) Point BO  Po int of contact of the perpendicular from Point B on the occlusal 

plane. 

(10) Go (Gonion ) A constructed point obtain ed by th e intersection of the lines 

tangent  to the posterior margin of the ascending ramus and the 

mand ibular base. 

(11) Gn (Gnathion ) The anteroinferior point o n the bony chin. It is constructed by 

interest ing the angle formed b y the facial plan e and the mandibular 

plane.  

(12) Point C It is a constru cted point representing the centre of the condyle, 

found  by tracing the head of the cond yle and approximating its 

center. 

(14) Point A’  It is the y foot of perpendicular on line C -B from point A. 

 

CHART 1 :  POINTS AND LANDMARKS
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FIGURE 1: POINTS AND LANDMARKS

 (1)  S-N Plane  Antero posterior extent of  th e anterior cranial base 

form ed by  line connecting points Nasion a nd Sella. 

(3) Occlusal Plan e A line drawn through the region of the overlapping cu ps of 

the first molars and the incisal edges of the central incisors. 

(4) Go-Gn Plan e It is obtained b y connecting Gonion with Gnathion. 

(5) N-A Line connectin g point Nasion and Po int A. 

(6) N-B Line connectin g point Nasion and Po int B. 

(7) A-B Line connectin g point A and Point  B. 

(9) A-Pog Line connectin g points A and Pogonion . 

(11) C-B Line connectin g the center of the condyle C, with P oint B. 

(12) A-A’ Perpendicular Line draw n from Point A to line C-B.  

 

CHART 2: LINES AND PLANES

FIGURE 2: LINES AND PLANES

Utilizing above points and planes following linear and angular parameters were recorded.
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(1) SNA Angle formed between line S-N and N-A showing the 

anteroposterior position of the maxilla apical base in its 

anterior region. 

(2) SNB Angle formed between line S-N and N-B showing the 

anteroposterior position of the mandibular apical base in its 

anterior region. 

(3) ANB Difference between the angles SNA and angle SNB 

representing the skeletal overjet. 

(5) N-A-Pog Angle of convexity is the angle between lines N-A and A-

Pog representing the facial contour. 

(6) GoGn-SN Angle formed between GoGn plane and the S-N plane 

representing the orientation of the body of the mandible and 

vertical facial pattern. 

(9) Beta angle It  is the angle between line A-B and line A-A’ 

 

CHART 3: CEPHALOMETRIC ANGULAR MEASUREMENTS 

FIGURE 3: CEPHALOMETRIC ANGULAR MEASUREMENTS

CHART 4: CEPHALOMETRIC LINEAR MEASUREMENTS

(1) Wits appraisal It  is measured as linear distance between the points AO and 

BO.  

 



11MAHARAJA KRISHNAKUMARSINHJI BHAVNAGAR UNIVERSITY Vol. 4  Issue-1  January 2014

FIGURE 4: CEPHALOMETRIC LINEAR MEASUREMENTS

After completing the tracings of each cephalogram, the total sample of 60 were divided into four 
groups according to the value of Down's angle of convexity representing the facial contour of an individual. 

Group Facial contour No. of Sample 

Group I Angle of convexity < -5 4 

Group II Angle of convexity -5 to +5 22 

Group III Angle of convexity +6 to +10 14 

Group IV Angle of convexity > + 10 20 

 

The groups thus formed are as under.

WITS and BETA angle respectively. A mean value 

of 8.18±1.41, 4.5±1.4, 2.43±2.42 and 28.5± 4.31 

for parameters N-A-Pg, ANB, WITS and BETA 

angle  in group III samples respectively as 

observed in chart I. when Co-relation between 

facial contour and sagittal jaw relationship 

indicators was carried out we observed a 

correlation value of 0.89, 0.70, -0.73, 0.23 for 

parameters ANB,WITS, BETA and GoGn – SN 

respectively as observed in chart 2.

There after the sagittal jaw relationship of subjects 

in each group was studied by using parameters ANB 

angle, Wits appraisal and Beta angle. Collected data 

thus tabulated and necessary statistics were done.

?Observations and Results:

We observed a mean value of -12.4± 7.82º, -

4.25±4.27 º, -8.6± 8.42 º and 45.5± 10.1º for 

parameters N-A-Pg, ANB, WITS and BETA 

angle in group I samples respectively. In group 

II samples 1.61± 2.45º, 2.57±1.9º, 0.18± 3.03º 

and 32.59±4.69º for parameters N-A-Pg, ANB, 
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CHART:I

CHART: II
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TABLE –I COMPARISON BETWEEN GR.I AND GR.II

  GROUP.I  GROUP.II      

  
Angle of convexity 

 (< -5) 
Angle of convexity  

(-5 to +5)     

Parameter n =4 n = 22     

  Mean SD Mean SD t Value 
Significant 

at 

N-A-Pg -12.4 7.82 1.61 2.45 3.55 ** 

ANB -4.25 4.27 2.57 1.9 3.14 ** 

WITS -8.6 8.42 0.18 3.03 2.06 * 

BETA 45.5 10.1 32.59 4.69 2.51 * 

GoGn - 
SN 27.5 7.93 28.2 6.88 0.17 NS 

SNA 79.25 0.5 81.07 4.16 1.98 NS 

SNB 83.5 4.36 78.59 4.78 2.04 NS 

        
TABLE -II COMPARISON BETWEEN GR.I AND GR.III

  GROUP.I  GROUP.III      

  
Angle of convexity 

 (< -5) 
Angle of convexity 

(+6 to +10)     

  n =4 n = 14     

Parameter Mean SD Mean SD t Value 
Significant 

at 

N-A-Pg -12.4 7.82 8.18 1.41 5.24 *** 

ANB -4.25 4.27 4.5 1.4 4.04 *** 

WITS -8.6 8.42 2.43 2.42 2.59 * 

BETA 45.5 10.1 28.5 4.31 3.28 ** 
GoGn - 

SN 27.5 7.93 30.29 5.22 0.66 NS 

SNA 79.25 0.5 83.14 3.23 4.33 *** 

SNB 83.5 4.36 78.64 3.1 2.08 NS 
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  GROUP.I  GROUP.IV      

  
Angle of convexity 

 (< -5) 
Angle of convexity  

( > + 10)     

  n =4 n = 20     

Parameter Mean SD Mean SD t Value 
Significant 

at 

N-A-Pg -12.4 7.82 14.35 2.71 6.76 *** 

ANB -4.25 4.27 7.55 2.05 5.40 *** 

WITS -8.6 8.42 4.63 3.42 3.09 ** 

BETA 45.5 10.1 24.65 4.12 4.06 *** 
GoGn - 

SN 27.5 7.93 31.02 6.88 0.83 NS 

SNA 79.25 0.5 84.05 3.83 5.38 *** 

SNB 83.5 4.36 76.2 4.24 3.07 ** 

        

TABLE -IV COMPARISON BETWEEN GR.II AND GR.III

  Group.II  Group.III      

  
Angle of convexity 

 (-5 to +5) 
Angle of convexity 

(+6 to +10)     

  22   14       

Parameter Mean SD Mean SD t Value 
Significant 

at 

N-A-Pg 1.61 2.45 8.18 1.41 10.20 *** 

ANB 2.57 1.9 4.5 1.4 3.50 ** 

WITS 0.18 3.03 2.43 2.42 2.46 * 

BETA 32.59 4.69 28.5 4.31 2.68 * 
GoGn - 

SN 28.2 6.88 30.29 5.22 1.03 NS 

SNA 81.07 4.16 83.14 3.23 1.67 NS 

SNB 78.59 4.78 78.64 3.1 0.04 NS 
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  GROUP.II  GROUP.IV      

  
Angle of convexity 

 (-5 to +5) 
Angle of convexity  

(> + 10)     

  22   n = 20     

Parameter Mean SD Mean SD t Value 
Significant 

at 

N-A-Pg 1.61 2.45 14.35 2.71 15.92 *** 

ANB 2.57 1.9 7.55 2.05 8.14 *** 

WITS 0.18 3.03 4.63 3.42 4.45 *** 

BETA 32.59 4.69 24.65 4.12 5.84 *** 

GoGn - 
SN 28.2 6.88 31.02 6.88 1.33 NS 

SNA 81.07 4.16 84.05 3.83 2.42 * 

SNB 78.59 4.78 76.2 4.24 1.72 NS 

        TABLE –VI COMPARISON BETWEEN GR.III AND GR.IV

  GROUP.III  GROUP.IV      

  
Angle of convexity 

(+6 to +10) 
Angle of convexity 

( > + 10)     

  14   n = 20     

Parameter Mean SD Mean SD t Value 
Significant 

at 

N-A-Pg 8.18 1.41 14.35 2.71 8.65 *** 

ANB 4.5 1.4 7.55 2.05 5.15 *** 

WITS 2.43 2.42 4.63 3.42 2.20 * 

BETA 28.5 4.31 24.65 4.12 2.61 * 

GoGn - 
SN 30.29 5.22 31.02 6.88 0.35 NS 

SNA 83.14 3.23 84.05 3.83 0.75 NS 

SNB 78.64 3.1 76.2 4.24 1.94 NS 
 
*** significant at P = 0.001 * significant at P = 0.05 

**significant at P = 0.01 NS = not significant 
 
?   Discussion:

Most of the orthodontic patients consult the 

orthodontist as they have problems with the 

positioning and proper alignment of their teeth 

which in turn affects their facial esthetics. Alteration 

in the facial form particularly in the anteroposterior 

direction changes the facial contour and affects the 

facial profile acceptance. In the management of such 

cases, it is important to understand the craniofacial 

morphology of the underlying dentoalveolar 

skeletal structures also by assessing the sagittal jaw 

relationship. Good harmony between the two is 

essential for having normal occlusion and pleasing 

facial profile. 

Down's angle of convexity is the most effective and 

accurate tool to assess the contour of the facial form. 
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The individuals who have straight profile and 

normal dentoalveolar apical base relationship 

invariably have well balanced dental arches. With 

the alteration in the skeletal morphology in the 

anteroposterior direction, the facial profile either 

becomes concave or convex. This affects the 

positioning of the apical bases also which needs 

correction during the orthodontic treatment 

procedures. Hence while handling an orthodontic 

case having altered facial contour, it is important to 

understand its dentoalveolar discrepancy for 

accurate and effective treatment planning.

Amongst the various parameters proposed by 

different investigators, angle ANB and Wits 

appraisal are the most commonly used parameters 

for the assessment of the apical base relationship. 

However their reliability is always questioned by 

various investigators. Measure of angle ANB is 

greatly influenced by the position of point Nasion, 

the slope of plane SN, the movement of point A and 

movement of point B in vertical plane. The measure 

of Wits appraisal is similarly influenced by the 

orientation and rotation of the occlusal plane. 

Recently a new parameter Beta angle is getting 

greater popularity for this purpose as having 

greater angular range and being unaffected by the 

jaw rotations and the facial forms.

Therefore, a present study was carried out on 60 

subjects having different types of facial contours 

and to correlate the relationship between the facial 

contour and the sagittal jaw relationship as 

assessed by the above three different parameters. 

The lateral cephalograms were traced and measures 

of Down's angle of convexity was compared and 

correlated with the ANB angle, Beta angle and Wits 

appraisal. For the simplicity, the total sample was 

divided into four groups according to the measure of 

angle of convexity as Group I having Angle of 
0convexity < -5 , Group II having Angle of convexity 

0 0between (-5)  to (+5) , Group.III having Angle of 
0 0

convexity between (+6)  to (10)  and Group IV 
0

having Angle of convexity > (+ 10) . 

Referring chart 1, we observed that subject having 
0 0

the value of Angle of convexity between (-5)  to (+5)  

which represents straight or Orthognathic facial 
0 profile, the mean value of Angle of convexity is 1.61

0 which is closed to value 0 as found by the original 

worker. Similarly the mean value of ANB angle is 
0 0 2.57  which is closed to value 2 , the mean value of 

Wits appraisal is 0.18 mm which is close to 0 mm 
0

and the mean value of Beta angle is 32.59  which is 
0 

closed to 33 .

Chart 2 shows the co-relation values when Angle of 

convexity was compared with various sagittal 

indicators. The highest co-relation values was found 

between Angle of convexity and ANB angle (r=0.89), 

next to it stands the Beta angle (r=-0.73) while wits 

has the least value (r=0.70). No co-relation was 

found between Angle of convexity and GoGn –SN 

angle (r=0.23) which suggests that facial contour 

has nothing to do with the orientation of the 

mandibular plane. Thus, as far as co-relation 

between angle of convexity and various sagittal 

indicators are concern, no standard trend can be 

established for subjects having varying facial 

contour. 

Tables I-VI gives idea about the comparison of mean 

values, standard deviation and range of various 

parameters used in this study for evaluating 

dentofacial skeletal structures of subjects of various 

groups.

Table I shows the comparison between the mean 

values of various parameters between the Gr.I and 

Gr. II. It is found that the Angle of convexity and ANB 

angle differed significantly at probability 0.01 while 

Beta angle and wits appraisal differed at probability 

0.05 in two groups. Rest of the parameters did not 

show significant difference.

Table II shows the comparison between the mean 

values of various parameters between the Gr. I and 

Gr. III. It is found that the Angle of convexity, angle 

SNA and ANB angle differed significantly at 

probability 0.001 while Beta angle differed at 

probability 0.01 and wits appraisal differed at 

probability 0.05 in two groups. Rest of the 

parameters did not show significant difference.

Table III shows the comparison between the mean 

values of various parameters between the Gr. I and 

Gr. IV. It is found that the Angle of convexity, angle 

SNA, ANB angle and Beta angle differed significantly 

at probability 0.001 while wits appraisal differed at 
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probability 0.01 in two groups. Rest of the 

parameters did not show significant difference.

Table IV shows the comparison between the mean 

values of various parameters between the Gr. II and 

Gr. III. It is found that the Angle of convexity differed 

significantly at probability 0.001; ANB angle 

differed at probability 0.01, while Beta angle and 

wits appraisal differed at probability 0.05. Rest of 

the parameters did not show significant difference.

Table V shows the comparison between the mean 

values of various parameters between the Gr. II and 

Gr. IV. It is found that the Angle of convexity, ANB 

angle, Beta angle and wits appraisal differed 

significantly at probability 0.001. Angle SNA 

differed at probability 0.05. Rest of the parameters 

did not show significant difference.

Table VI shows the comparison between the mean 

values of various parameters between the Gr. III and 

Gr. IV. It is found that the Angle of convexity and ANB 

angle differed significantly at probability 0.001, 

while Beta angle and wits appraisal differed at 

probability 0.05 in two groups. Rest of the 

parameters did not show significant difference. 

The results of the present study show that Beta 

angle varies significantly with different degrees of 

facial convexity, thus confirming its validity as a 

parameter for sagittal dysplasia. Although previous 

reports have questioned the accuracy of ANB angle 

and WITS appraisal, this study reports that the ANB 

angle and Wits appraisal correlate with varying 

degrees of facial convexity suggesting their use as an 

indicator of sagittal dysplasia.

[19]
Recently another new parameter YEN angle  has 

been suggested for assessment of anteroposterior 

skeletal dysplasia. Future studies that compare this 

parameter with the 3 parameters used in this study 

may confirm the validity of this parameter in 

comparison to those used in this study. The sample 

size in this study comprised of 60 lateral 

cephalograms. A larger sample size may further 

confirm the validity of this study.

?Conclusion:

Angle ANB, Wits appraisal and Beta angle 

differed significantly with angle of convexity. 

We could not observe any significant 

correlation with mandibular plane angle (r = 

0.23). ANB angle (r = 0.89) showed the 

highest co-relation value followed by Wits 

appraisal(r = 0.70). However Beta angle 

revealed strong negative correlation Beta 

angle(r = -0.73). All the parameters Angle 

ANB, Wits appraisal and Beta angle play a 

critical role in diagnosing sagittal jaw 

relation. Appraising the parameters Angle 

ANB, Wits appraisal and Beta angle and taking 

an average interpretat ion of  these 

parameters would help in achieving a precise 

diagnosis and treatment planning for an 

orthodontist. However a further study has to 

be carried out with a larger sample size to find 

out the correlation accurately among each 

groups individually. 
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