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Introduction

Assessment of  jaw relationship in all three planes (anteroposte-
rior, transverse, and vertical) forms an integral part of  orthodon-
tic diagnosis treatment planning. Orthodontic diagnosis became 
more reliable with the use of  cepahlometrics along with proper 
history taking, models and photographs [1, 2]. There are several 
analyses used to assess the anteroposterior discrepancy with nu-
merous angular and linear measurements [3-13]. Few of  the most 
commonly used analyses are the ANB angle,Wits appraisaland 
Beta angle. However, the validity of  each of  these parameters was 
questionable because of  the variability of  landmarks with jaw ro-
tation, head posture, orthodontic treatment as well as growth.

Several studies have shown that the ANB angle is not reliable 

because of  the Nasion point, which is not fixed during growth 
that affects the ANB angle. Rotation of  the jaws due to growth 
or orthodontic treatment also change ANB angle. The length of  
cranial base, anterior facial height also affects ANB angle. ANB 
angle decreases due to counter clockwise rotation of  the mandible 
with advancing age [14].
	
Wits appraisal overcomes the shortcomings of  ANB angle. Per-
pendiculars from Point A and B on the maxilla and mandible were 
used in this analysis by Jacobson. Wits appraisal uses occlusal 
plane, which is a dental parameter to describe skeletal jaw discrep-
ancies. Occlusal plane can be easily affected by tooth eruption or 
by orthodontic tooth movement [15, 16]. Accurate identification 
of  occlusal plane is not easy or accurately reproducible [17, 18].
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Aim and Objective: The aim of  this study was to compare and verify the accuracy of  SAR angle in predicting sagittal jaw 
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Beta angle, derived by Baik and Ververidou in 2004, assessed the 
true apical base relationship independent of  cranial reference 
plane or occlusal plane. Although it gave a reliable picture of  the 
sagittal discrepancy, it used points A and B which were unstable 
landmarks as they were subject to alveolar bone remodeling with 
the change in position of  incisors. Also, identification of  the Con-
dylion point was not easily reproducible in cephalometric radio-
graphs [19]. Furthermore, in a study by shobha et al, in 2019, it 
was found that Beta angle may not be a valid tool for assessment 
sagittal jaw discrepancies in patients exhibiting vertical growth 
patterns in skeletal class I and class II malocclusions [20].
	
The SAR angle is a new parameter for assessing the sagittal apical 
base discrepancy. It was put forth by Sonahita Agarwal in the year 
2014. It uses the three skeletal reference points: Point M, Point 
G and Point W [21]. The mean SAR angle was 53 to 59 degree 
for skeletal class I, <53degree for skeletal class II and >59 degree 
for skeletal class III. The SAR angle is not inflenced by growth, 
jaw rotations, orthodontic treatment or any other factor previ-
ously associatedwith other angles. The Walkers point was found 
to be stableafter the age of  five.Hence, the aim of  this study was 
to compare and verify the accuracy of  SAR angle in predicting 
sagittal jaw discrepancy among subjects with hyperdivergent, hy-
podivergent and normodivergent growth patterns in skeletal class 
I, class II and class III malocclusions. 

Materials and Methods

The total sample size was set as 90 with a power of  95% and alpha 
error of  0.05. This study consisted of  three groups with sample 
size of  30 each based on skeletal malocclusions. It was further 
divided into three subgroups as hypodivergent, normodivergent 
and hyperdivergent with 10 samples per group. The age group 
was from 18.3 years to 38.7 years. Ethical approval was obtained 
from the Institutional Ethical Committee prior to the start of  the 
study. All the lateral cephalograms obtained for evaluation were 
checked for its standard. They were taken with the patients Frank-
furt’s horizontal plane parallel to the floor, mandible in centric 
occlusion and their lips at rest. 

The SAR angle

Point M: Midpoint of  the premaxilla.

Point G: Center of  the largest circle that is tangent to theinternal 
inferior, anterior, and posterior surfaces of  themandibular sym-
physis.The centre of  premaxilla and mandibular symphysis were
identifid by constructing a template with concentric circleswhose 
diameters increased in 0.5 inch increments. Centerof  the template 

was marked, and Point M and Point G wereidentifid on the trac-
ings.

Point W (Walkers Point): The mean intersection point of  thelow-
er contours of  the anterior clinoid processes and thecontour of  
the anterior wall of  sellaturcica.The three lines that would form 
joining these points are:

• Line connecting Point M and Point G
• Line connecting Point W and Point G
• Line from point M perpendicular to the W-G line

The angle that would be measured will be between theperpen-
dicular line from point M to W-G line and the M-G lineis the SAR 
angle (Figure 1).

A computerized cephalometric analysis was carried out with 
FACAD(software). The values of  SAR angle obtained for each 
subgroup was subjected for statistical evaluation. All statistical 
analyses were performed with the SPSS software package. For 
each variable, the arithmetic mean and SD were calculated. One-
way ANOVA and post hoc Tukey’s HSD analysis was performed 
to check for statistical significance.

Results and Discussion

The mean and standard deviation of  SAR angle for skeletal 
Class I, Class II and Class III with normal, horizontal and ver-
tical growth patterns were significantly different (P<0.05). The 
normal range of  SAR angle values as given by the authors were 
55.98±2.24, 50.18±2.70 and 63.65±2.25 for skeletal class I, class 
II and class III respectively. The results of  the current study are in 
accordance with the original values.

One-way ANOVA shows that the SAR angle values were within 
the normal range for skeletal Class I and Class II cases in all types 
of  growth pattern. However, there was a significant(P<0.05) dif-
ference in SAR angle in skeletal Class III cases alone, between the 
horizontal and vertical growth pattern (Table 1). 

Interpretation of  anteroposterior relationship of  jaws plays a vital 
role in orthodontic treatment planning. This relationship might 
also get affected by the varied growth patterns. Many linear and 
angular measurements were introduced in cephalometrics for this 
purpose. The SAR angle purports to be unaffected by the varying 
growth patterns. Thus the reliability of  the accuracy of  this angle 
needs to be studied. 

Figure 3 shows the distribution of  SAR angle in Skeletal Class I, 

Figure 1. SAR angle.
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Class II and Class III individuals in the current study.

Subjects with average growth pattern exhibited good adherence 
to SAR angle values. Individuals with horizontal and vertical 
growth pattern in Class I and Class II cases also showed reliable 
values closer to the normal range. Though the accuracy of  this 
value in a Class III case with horizontal and vertical pattern is low, 
the values fall within the normal range. There were no previous 
studies to compare the effectiveness of  SAR angle and this hap-
pens to be the first one.

The findings of  this study support the fact that SAR angle would 
remain stable even when jaws are rotated. Clockwise and anti-
clockwise rotation of  mandible did not significantly affect the 
SAR angle values and they remained within the limits making 
it a reliable parameter. Unlike the findings by Shobha et al, that 
beta angle may not be a valid tool for assessment of  sagittal jaw 
discrepancy in patients exhibiting vertical growth patterns with 
skeletal Class I and Class II malocclusions, SAR angle was stable 
enough in all types of  growth pattern [20].

The accuracy of  this angle could be due the three points chosen 
that are not direct representatives of  skeletal structures. Points M 

and G have already been proven to be advantageous in locating 
over points A and B, which are susceptible to remodeling changes 
[21]. Several studies have shown that, the thirs point, the Walkers 
point is stable after the age of  five [22].Arat et al found out that 
the mid cranial base (W-SE) remained unchanged during all stages 
of  pubertal growth [23]. 

The limitation of  this study could be the use of  FACAD soft-
ware owing to minor deviation in measurement of  SAR angle 
but within the acceptable range. SAR angle is an additional toolin 
cephalometrics to aid in accurate diagnosis and treatment plan-
ning in orthodontics.

Conclusion

SAR angle is a reliable indicator of  sagital dysplasia in horizontal, 
vertical and average growth patterns in skeletal class I and class II 
individuals. However, in a skeletal class III condition the vertical 
growth pattern showed significantly decreased SAR values than 
horizontal growth pattern, but the values still being within the 
acceptable range. SAR angle can be used as a reliable alternative 
measurement or an additional aid to determine the discrepancy in 
apical jaw bases.

Figure 2. A Sample Cephalogram Tracing Carried Out in FACAD.

Figure 3. Distribution of  SAR angle among Skeletal Class I, Class II and Class III.

Table 1. Shows the descriptive statistics (mean and Std. dev) of  each type of  growth pattern.

Skeletal class Average GP Horizontal GP Vertical GP Original values 

Skeletal class I 
56.79 56.46 55.2 55.98
-2.77 -3.54 -3.4 -2.24

Skeletal class II
52.05 51.98 50.94 50.18
-3.4 -2.83 -6.14 -2.7

Skeletal class III
63.66 64.93 63.14 63.65
-1.48 (0.93)* (1.96)* -2.25

*Statistically significant
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