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ABSTRACT: 

Introduction: The study was designed to identify skeletal analyses that best correlate with the parameter used to assess 
facial soft tissue profile. This may result in a soft tissue oriented approach for the diagnosis of the underlying sagittal 
skeletal discrepancy, which may subsequently lead to the development of a treatment plan that may give better soft tissue 
outcome. 

Methodology: A sample of 198 subjects (99 males and 99 females; mean age = 23.6 ± 4.6 years) was uniformly divided 
into Class I, II and III sagittal groups on the basis of soft tissue angle of convexity. Various sagittal parameters including 
ANB angle, AB plane angle, Downs angle of convexity, Wits appraisal, Beta angle and W angle were assessed on 
pretreatment lateral cephalograms. Correlation between various skeletal analyses and the soft tissue angle of convexity was 
determined using Spearman’s correlation.  

Results: The ANB angle showed the highest correlation with the soft tissue angle of convexity (r = 0.907), whereas W 
angle showed the least correlation (r = 0.744). Amongst the sagittal groups, no significant correlation was present in Class I 
group. Downs angle of convexity showed a moderate positive correlation in Class II (r = 0.514) and Class III (r = 0.533) 
sagittal groups with the soft tissue parameter. 

Conclusion: ANB angle and Downs angle of convexity were found to be reliable skeletal indicators in assessing the facial 
soft tissue profile. Hence, the number of cephalometric analyses for evaluating the sagittal skeletal jaw discrepancy may be 
limited to fewer analyses of higher diagnostic performance, which are more reliably related to the overlying facial pattern. 
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INTRODUCTION 

he perception of facial esthetics varies according to 
the genetic, age, gender, cultural norms and 
environmental factors1. Despite variations in  
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standards, people tend to prefer faces that are balanced2. 
Hence for adequate esthetics, a face should be proportionate 
in all three dimensions i.e. sagittal, vertical and transverse. 
Variations in growth are common and may have certain 
clinical implications. A variation in sagittal growth may 
result in a convex or a concave profile. It can be either due 
to discrepancy in hard or soft tissues that form the face. A 
sagittal maxillary excess or mandibular deficiency may 
result in a convex profile with excessive overjet, and 
incompetent lips. In contrast, a sagittal maxillary deficiency 
or mandibular excess may lead to a prognathic profile and an 
anterior crossbite.  
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 After standardization of the cephalogram by Broadbent3, 
skeletal analysis was preferred over soft tissue facial profile 
as treatment planning during that era was dictated by the 
Angle’s paradigm 4. However, the relationship between the 
facial profile and the underlying skeletal structures was 
found to be inconsistent in different sagittal facial patterns5. 
Additionally ,utilization of only skeletal parameters may 
result in unesthetic soft tissue appearance6. Therefore, 
currently the process of treatment planning now aims at 
achieving adequate facial esthetics and a functional 
occlusion7. 

 The assessment of anteroposterior skeletal discrepancy 
has been made simpler with the introduction of lateral 
cephalometry. Various analyses have also been proposed for 
diagnosing the sagittal discrepancies. Downs8 described the 
AB plane angle, as a mean to assess the antero-posterior 
dysplasia followed by the Downs angle of convexity. In 
1953, Riedel9 introduced the famous ANB angle which was 
popularized by Steiner10. Studies have indicated that the 
ANB angle varies with position of Nasion and vertical 
growth pattern11,12. To overcome this, Jacobson12 proposed 
the Wits appraisal using the occlusal plane as the reference 
plane. Later the Wits appraisal was deemed unreliable due to 
variations in the occlusal plane13. Hence, several parameters 
have been and are still being introduced to overcome the 
shortcomings of existing parameters for accurate diagnosis 
of sagittal discrepancies. Recently Beta angle and W angle 
have been proposed to measure the antero-posterior jaw 
dysplasia14,15. Apart from the errors in the landmark 
identification, variations may occur due to racial and ethnic 
differences16. 

 The goals of an orthodontic treatment are established by 
the soft tissues that form the face7. These not only determine 
the facial esthetics but also define the limitations of the 
treatment17. To date only few studies assessed the correlation 
of various skeletal and soft tissue parameters for the 
evaluation of anteroposterior facial pattern18-20. Moreover 
during orthodontic diagnosis, certain cases present with 
varied readings and a specific sagittal pattern is difficult to 
determine. This study aimed to identify skeletal parameters 
that more closely correlate with the analyses use to evaluate 
the facial soft tissue profile. This may lead to an accurate 
diagnosis and an efficient treatment plan. Moreover, a 
clinician may save time by the utilizing only those 
parameters that more closely represent the facial soft tissue 
pattern. 

METHODOLOGY 

 The data was collected retrospectively from the dental 
records of patients visiting our clinics. Keeping α = 0.05, 

using the correlation value (r) = 0.119 between Down’s 
angle of convexity and soft tissue angle of convexity as 
reported by Raman et al.,19 power of study (β) was kept at 90 
%. The total sample size was calculated to be 178. This 
number was increased by around 10% to obtain the sample 
size of 198 subjects. Subjects aged 18-35 years having clear 
and good quality radiographs with normodivergent growth 
pattern were included. The sample comprised of equal 
number of males and females. Subjects with any growth 
problems, trauma or orthodontic treatment were excluded. 
As growth may affect the size of skeletal and soft tissue 
structures hence only adult subjects were included in the 
study21. Further only normodivergent subjects based on 
FMA, SN-GoGn and PFH-TAFH were included as 
variations in vertical growth pattern may affect the sagittal 
parameters11. 

 The sample was equally divided into Class I, II and III 
groups based on soft tissue angle of convexity 
(G’Sn/SnPog’) as follows:22 

 Class I: G’Sn/SnPog’ > 17° [Males – 33; Females – 
33] 

 Class II: G’Sn/SnPog’ = 8° - 16° [Males – 33; 
Females – 33] 

 Class III: G’Sn/SnPog’ < 7° [Males – 33; Females – 
33] 

 Cephalograms were traced manually on acetate paper 
with 0.5 mm lead pencil by the principal investigator. The 
specific landmarks and planes for evaluating the sagittal 
skeletal and soft tissue growth pattern were identified (Fig. 
1). The various skeletal parameters and soft tissue angle of 
convexity were determined on the lateral cephalogram with 
the help of a millimeter ruler and protractor, respectively. 

Skeletal Parameters: (Figs. 2 and 3) 

1. ANB Angle: The angle formed by point A, Nasion and 
point B (normal range = 0° to 4º)10 

2. Wits Appraisal: The linear distance between AO and BO 
(perpendicular drawn from point A and B on to 
functional occlusal plane) (normal range = -1mm to 
+1mm)12 

3. AB plane Angle: The angle formed by AB plane and N-
pog line (normal range = 9° to 0°)8 

4. Beta Angle: The angle formed by A-CB and AB line 
(normal range = 27° to 35°)14 

5. W Angle: The angle between the perpendicular line from 
point M to S-G line and the M-G line (normal range = 
51° to 55°)15 

6. Downs angle of convexity: The angle between N-point A 
and point A-Pog (normal range = -8.5° to 10°)8 
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Fig. (1). Cephalometric landmarks and the occlusal plane. 

1. Soft tissue glabella (G’): The most anterior point in midsagittal plane of the forehead 

2. Subnasale (Sn): The point at which the columella merges with upper lip  

3. Soft tissue pogonion (Pog’): The most anterior point on the soft tissue chin 

4. Sella (S): The center of sella turcia cavity 

5. Hard tissue nasion(N): The most anterior point on the frontonasal suture 

6. A-point (A): The deepest point on the concavity at the anterior surface of the maxilla 

7. B-point (B): The deepest point on the concavity at the anterior surface of the mandibular symphysis 

8. Hard Tissue pogonion(Pog): The most anterior point on bony chin  

9. Condylion(C): The center of the condyler head of the mandible 

10. M-point (M): The center of premaxilla 

11. G-point (G): The center of mandibular symphysis  

12. Occlusal Plane(OP): The maximum intercuspation of posterior teeth 

Soft tissue angle of convexity: The angle formed by G’-Sn 
and Sn-Pog’ (normal range = 8° to 16°)22 (Fig. 3) 

 To rule out the measurement error, thirty cephalograms 
were randomly selected, retraced and remeasured by the 
principal investigator to assess the intra-examiner reliability. 
The results showed a high correlation (Table 1). 

 Data were analyzed using SPSS for Windows (version 
20.0, SPSS Inc. Chicago). Baseline information on 
demographics was analyzed using descriptive statistics. A 
Shapiro Wilk test was performed for all the variables which 
indicated a non-normal distribution of the data. A Mann-
Whitney U test was performed to check for gender 
dimorphism. A Kruskal Wallis test was used to compare the 
age among the three sagittal groups. To evaluate the skeletal 
parameter that best conformed to the soft tissue facial 
profile, the correlation of various sagittal skeletal analyses 
with the soft tissue angle of convexity was determined using 

the Spearman’s correlation. A p-value of < 0.05 was taken as 
statistically significant. 

RESULTS 

 The means of each parameter between genders were 
compared using Mann-Whitney U test. The results showed 
no statistically significant difference between the two groups 
(Table 2). The mean age amongst the three sagittal groups 
was compared using the Kruskal Wallis test. The results 
showed insignificant differences (Table 3).  

 Spearman’s correlation showed a significant correlation 
between skeletal parameters and the soft tissue angle of 
convexity. Amongst the skeletal parameters, ANB angle 
showed the highest correlation with the soft tissue angle of 
convexity (r = 0.907, p < 0.01) (Table 4).  
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Fig. (2). Cephalometric parameters. 

1. ANB angle: The angle formed by point A, nasion and point B (normal range = 0° to 4º) 

2. Wits appraisal: The linear distance between AO and BO (perpendicular drawn from point A and B on to functional occlusal plane) 
(normal range = -1mm to +1mm) 

3. AB plane angle: The angle formed by AB plane and N-pog line (normal range = 9° to 0°)  

 

 

Fig. (3). Cephalometric parameters. 

1. Beta angle: The angle formed by A-CB and AB line (normal range = 27° to 35°) 

2. W angle: The angle between the perpendicular line from point M to S-G line and the M-G line (normal range = 51° to 55°) 

3. Downs angle of convexity: The angle between N-point A and point A-Pog (normal range = -8.5° to 10°) 

4. Soft tissue angle of convexity: The angle formed by G’-Sn and Sn-Pog’ (normal range = 8° to 16°) 
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Table 1. Assessment of Measurement Error 

Measurements 
1st Reading 

(n=30) 

2nd Reading 

(n=30) 
ICC 

ANB angle (degree) 1.67 ± 4.81 1.87 ± 4.96 0.997 

Wits appraisal (mm)  -1.48 ± 5.46 -1.48 ± 5.59 0.997 

Beta angle (degree) 34.13 ± 8.82 34.40 ± 8.92 0.995 

AB plane angle (degree) -2.80 ± 7.76 -2.87 ± 7.93 0.998 

Downs angle of convexity (degree) 1.63 ± 10.29 1.67 ± 10.38 0.996 

W angle (degree) 54.40 ± 5.82 54.67 ± 5.97 0.992 

Soft tissue angle of convexity (degree) 10.93 ± 10.50 11.03 ± 10.54 0.993 

ICC: Intraclass Correlation Coefficient. 

 

Table 2. Comparison of Means and Standard Deviations of Different Parameters between Males and Females 

Parameter Male (n=99) 

(mean ± SD) 

Female (n=99) 

(mean ± SD) 

p 

ANB angle (degree) 1.43 ± 4.68 2.80 ± 3.66 0.065 

Wits appraisal (mm) -1.16 ± 6.80 -0.641 ± 5.04 0.650 

Beta angle (degree) 34.94 ± 9.21 33.75 ± 7.68 0.590 

AB plane angle (degree) -3.12 ± 6.95 -4.07 ± 6.68 0.243 

Downs angle of convexity (degree) 1.30 ± 9.27 3.66 ± 7.98 0.173 

W angle (degree) 54.74 ± 5.35 53.29 ± 5.98 0.228 

Soft tissue angle of convexity (degree) 11.90 ± 9.76 12.61 ± 7.19 0.955 

 
N = 198; SD – Standard Deviation 
*p < 0.05; ** p < 0.01  
Mann - Whitney U test 

 

Table 3. Comparison of Mean Age Amongst the Three Sagittal Groups  

Sagittal Facial Pattern N 
Mean age 

(years ± SD) 
p  

Class I 66 21.01 ± 5.76 

0.892 Class II 66 20.93 ± 5.99 

Class III 66 21.91 ± 6.71 

Total 198 21.28 ± 6.15  

N = 198; SD – Standard Deviation 
p < 0.05 ; Kruskal Wallis test 
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Table 4. Correlation of Skeletal Analyses to Soft Tissue Angle of Convexity 

Parameter Correlation with the soft tissue angle of convexity 

r 

p 

ANB angle (degree) 0.907††† < 0.01** 

Wits appraisal (mm) 0.808††† < 0.01** 

Beta angle (degree) -0.799†† < 0.01** 

AB plane angle (degree) -0.853††† < 0.01** 

Downs angle of convexity (degree) 0.874††† < 0.01** 

W angle (degree) 0.744†† < 0.01** 

N = 198; Spearman’s Correlation; correlation = r 
† Weak Correlation (± 0.01 < r < ± 0.5); †† Moderate Correlation (± 0.5 < r < ± 0.8); ††† Strong Correlation (± 0.8 < r < ± 1) *p < 0.05; ** p < 0.01 

 

Table 5. Correlation of Skeletal Analyses to Soft Tissue Angle of Convexity in Class I, II and III Sagittal Groups 

Parameter Class I 

n = 66 

Class II 

n = 66 

Class III 

n = 66 

r p r p r p 

ANB angle (degree) 0.139† 0.266 0.491† < 0.01** 0.498† < 0.01** 

Wits appraisal (mm) 0.039 0.756 0.278† < 0.05* 0.397† < 0.01** 

Beta angle (degree) -0.126† 0.312 -0.078 0.532 -0.315† < 0.01** 

AB plane angle (degree) -0.188† 0.131 -0.304† < 0.05* -0.429† < 0.01** 

Downs angle of convexity (degree) 0.163† 0.192 0.514†† < 0.01** 0.533†† < 0.01** 

W angle (degree) 0.187† 0.132 0.231† 0.062 -0.490† < 0.01** 

N = 198; Spearman’s Correlation; correlation = r  
† Weak Correlation (± 0.01 < r < ± 0.5); †† Moderate Correlation (± 0.5 < r < ± 0.8); ††† Strong Correlation (± 0.8 < r < ± 1)  
*p < 0.05; ** p < 0.01 

 

 Correlation between skeletal analyses and the soft tissue 
parameter was also determined for each sagittal class. 
Amongst the sagittal groups, no significant correlation was 
present in Class I sagittal groups. Downs angle of convexity 
showed a moderate positive correlation in Class II (r = 
0.514, p < 0.01) and Class III (r = 0.533, p < 0.01) sagittal 
groups with the soft tissue angle of convexity (Table 5). 

DISCUSSION 

 To achieve adequate esthetics, assessment of facial soft 
tissues is mandatory, so that the treatment goals may be 
oriented towards improving facial appearance17. As the 
skeletal structure forms the backbone of the overlying facial 
soft tissues, therefore their significance cannot be denied. 
Hence, the current study aimed to determine the skeletal 

parameter that correlates best with the soft tissue angle of 
convexity. This may concise the orthodontic diagnosis to 
minimal analyses based on the overlying facial soft tissues.  

 Facial soft tissues can be assessed by multiple methods. 
Previously, anthropometry and photographs were used as the 
diagnostic aids. With the advent of lateral cephalometry, soft 
tissue analysis became more precise as the soft tissue 
thickness and their relationship to the underlying skeletal 
structure can be accurately determined. A multitude of 
cephalometric methods have been described in literature for 
the evaluation of facial soft tissues. In addition to the 
analysis of individual structures such as the lip and nose, 
measurements describing the facial profile have also been 
proposed. These include jaw profile field, H-line and the soft 
tissue angle of convexity 22-26. There are many variations of 
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soft tissue angle of convexity described in the literature28-31. 
The variant of soft tissue angle of convexity utilizing the 
glabella (G’) is said to remain stable with age, as this is 
minimally affected by soft tissue growth29-31. Hence, this 
parameter was used to evaluate the soft tissue profile in the 
current study. 

 In the current study, the sample was divided into Class I, 
Class II and Class III groups on the basis of soft tissue angle 
of convexity. The comparison of various skeletal parameters 
showed no statistically significant difference between males 
and females in different skeletal parameters. This is in 
concordance with another study conducted by Susilowati20. 

 Multiple studies have reported the correlation between 
various skeletal analyses18,19. In contrast, only few studies 
have reported the correlation between the sagittal skeletal 
analyses and soft tissue angle of convexity 19,20. In our study, 
since no significant difference was present between males 
and females, the subjects were not stratified on the basis of 
gender. Downs angle of convexity showed a strong positive 
correlation with the soft tissue parameter. Susilowati20 in his 
study correlated Downs angle of convexity and soft tissue 
angle of convexity. He reported a moderate positive 
correlation between the Down’s angle of convexity and the 
soft tissue angle of convexity in males and females. The 
variations in results might be due to differences in ethnicity, 
sample size, and exclusion of gender-based stratification in 
our study. 

 Correlation was also determined for each sagittal class 
separately. In our study, no statistically significant 
correlation was present between skeletal and soft tissue 
angle of convexity in Class I subjects. A moderate positive 
correlation was present between Downs angle of convexity 
and the soft tissue angle of convexity in Class II and Class 
III groups. Our results are in concordance with another study 
conducted by Raman et al.19.  

 It is worth mentioning here that the aforementioned 
studies correlated only Downs angle of convexity with the 
soft tissue parameter, where as in our study we correlated a 
total of six parameters with the soft tissue angle of convexity 
to validate their diagnostic accuracy in assessing the facial 
soft tissue profile. 

CONCLUSION 

 All the sagittal skeletal analyses used in this study 
showed a significant correlation to the soft tissue angle of 
convexity. However, based on the higher values of 
correlation, ANB angle and Downs angle of convexity may 
be preferred to assess the sagittal skeletal pattern of an 
individual in soft tissue based diagnosis and treatment 

planning. This may facilitate the diagnosis and treatment of 
different sagittal malocclusion with a soft tissue oriented 
approach. 
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