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Introduction & Objective:
sufficiently reliable & may be an alternative to 3D imaging in the evaluation of soft tissue and upper 
airway morphology. In recent years new interrelations be
have developed. The aim of the study was to evaluate the correlation between hard and soft tissues 
and upper airway morphology in patients with Angle’s Class I, II,and III malocclusion.
Material & Methods:
to divide the radiographs into skeletal Class I, II,
pharyngeal airway space were also measured on these radiographs..
Results:
Pharyngeal airway space and Ricket’s E
between Ricket’s E
sample there was a negative correlation between Ricket’s E
(upper)mm(p<.05) .While in Class III sample it was found that there was strong positive correlation 
between Ricket’s E
Conclusions:
Ricket’s E
E-line & Pharyngeal space (uppe
between Ricket’s E
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INTRODUCTION 
 
The functions of the maxillofacial system affect the growth of 
the face and jaws as well as tooth eruption 
Prolonged mouth breathing is associated with impaired speech, 
maxillofacial deformities, tooth malposition, abnormal posture, 
and even cardiovascular, respiratory, or endocrine dysfunctions 
(Basheer et al., 2014; Šidlauskienė, 2015). The upper airway is 
the first component of the significant structure, which provides 
respiration– one of the vital functions of the human body. 
Disturbed breathing function could lead to life threatening 
situations. One of the conditions associated with breathing 
disturbances is obstructive sleep apnea (OSA), which is 
characterized by recurrent episodes of upper airway 
obstruction during sleep resulting in reduced oxygen saturation 
and is associated with increased morbidity and mortality
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ABSTRACT 

Introduction & Objective: Cephalometric analysis generates 2D images results which are 
sufficiently reliable & may be an alternative to 3D imaging in the evaluation of soft tissue and upper 
airway morphology. In recent years new interrelations between respiratory function and malocclusion 
have developed. The aim of the study was to evaluate the correlation between hard and soft tissues 
and upper airway morphology in patients with Angle’s Class I, II,and III malocclusion.
Material & Methods: 50 Pre-treatment radiographs were taken. ANB and WITS analysis were used 
to divide the radiographs into skeletal Class I, II, and III. Rickets E
pharyngeal airway space were also measured on these radiographs..
Results: Spearman’s correlation co-efficient was performed to find 
Pharyngeal airway space and Ricket’s E-line. It was found that there was strong positive correlation 
between Ricket’s E-Line (upper) and Pharyngeal space (lower) in Class I sample
sample there was a negative correlation between Ricket’s E-line (upper) and Pharyngeal space 
(upper)mm(p<.05) .While in Class III sample it was found that there was strong positive correlation 
between Ricket’s E-line (upper) mm and Ricket’s E-line (lower)mm.(p<.05)
Conclusions: Through this study we conclude that there is a strong positive correlation between 
Ricket’s E-line(upper) & Pharyngeal space (lower) in Class I & negative correlation between Ricket’s 

line & Pharyngeal space (upper) in Class II While in Class III samples strong positive correlation
between Ricket’s E-line (upper &lower ) was found. 

 is an open access article distributed under the Creative Commons
medium, provided the original work is properly cited. 

The functions of the maxillofacial system affect the growth of 
the face and jaws as well as tooth eruption (Oz, 2013). 
Prolonged mouth breathing is associated with impaired speech, 
maxillofacial deformities, tooth malposition, abnormal posture, 
and even cardiovascular, respiratory, or endocrine dysfunctions 

. The upper airway is 
the first component of the significant structure, which provides 

one of the vital functions of the human body. 
Disturbed breathing function could lead to life threatening 
situations. One of the conditions associated with breathing 

is obstructive sleep apnea (OSA), which is 
characterized by recurrent episodes of upper airway 
obstruction during sleep resulting in reduced oxygen saturation 
and is associated with increased morbidity and mortality. 
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The discussion on the relationship between maxillofacial 
morphology and upper airway size and resistance has been 
continuing over a century. Narrowing of the pharyngeal airway 
passage can be caused by various etiological factors 
especially in the nasopharyngeal area 
breathing (Basheer et al., 2014; 
al. found that the facial profile of patients who had mouth
breathing pattern was more convex than in those who were 
breathing through the nose 
authors determined a relationship between the size of the upper 
airways and the severity of malocclusion 
According to various authors, the main features of upper 
airway obstruction include: increased excessive anterior f
height, narrowed upper dental arch, high palatal vault, steep 
mandibular plane angle, protruding maxillary teeth, and 
incompetent lip. Orthodontists deal with various kinds of 
malocclusions, including severe skeletal Class II and III 
deformities, and advancement and setback operations are 
standard procedures for correction of the jaw discrepancies. 
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Cephalometric analysis generates 2D images results which are 
sufficiently reliable & may be an alternative to 3D imaging in the evaluation of soft tissue and upper 

tween respiratory function and malocclusion 
have developed. The aim of the study was to evaluate the correlation between hard and soft tissues 
and upper airway morphology in patients with Angle’s Class I, II,and III malocclusion. 

treatment radiographs were taken. ANB and WITS analysis were used 
and III. Rickets E-line , Upper and Lower 

pharyngeal airway space were also measured on these radiographs.. 
efficient was performed to find out the correlation between ANB, 

line. It was found that there was strong positive correlation 
Line (upper) and Pharyngeal space (lower) in Class I sample (p<.05) . In Class II 

line (upper) and Pharyngeal space 
(upper)mm(p<.05) .While in Class III sample it was found that there was strong positive correlation 

line (lower)mm.(p<.05) 
Through this study we conclude that there is a strong positive correlation between 

(lower) in Class I & negative correlation between Ricket’s 
r) in Class II While in Class III samples strong positive correlation 
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The discussion on the relationship between maxillofacial 
morphology and upper airway size and resistance has been 
continuing over a century. Narrowing of the pharyngeal airway 
passage can be caused by various etiological factors – 

ryngeal area – results in mouth 
2014; Souki et al., 2014). Basheer et 

. found that the facial profile of patients who had mouth-
breathing pattern was more convex than in those who were 
breathing through the nose (Basheer et al., 2014). Other 
authors determined a relationship between the size of the upper 
airways and the severity of malocclusion (Indriksone, 2014). 
According to various authors, the main features of upper 
airway obstruction include: increased excessive anterior face 
height, narrowed upper dental arch, high palatal vault, steep 
mandibular plane angle, protruding maxillary teeth, and 

Orthodontists deal with various kinds of 
malocclusions, including severe skeletal Class II and III 

dvancement and setback operations are 
standard procedures for correction of the jaw discrepancies. 
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Orthognathic procedures are designed to correct dentofacial 
deformities, but they also inevitably affect the size and the 
position of the surrounding soft tissues. Although there are a 
lot of studies reporting changes in the dimensions of the upper 
airway following surgical repositioning of the mandible and 
the maxilla, the estimations about the changes in the posterior 
airway space (PAS) after mandibular setback and advancement 
surgeries remain controversial (Mattos et al., 2011). Despite a 
few case reports of mandibular setback surgery in skeletal 
Class III patients inducing OSA associated with airway 
narrowing (Guilleminault, 1985; Riley et al., 1987; Liukkonen 
et al., 2002), prospective studies (Turnbull et al., 2000; 
Hochban, 1996) failed to demonstrate disturbances of 
respiration during sleep after mandibular setback even though 
retropalatal airway size was reduced. These findings might be 
explained by the observation that preoperative airway size in 
patients with Class III deformity was larger than values in 
normal population (Hochban et al., 1991; Degerliyurt, 2008). 
Several studies have shown distinct differences between the 
upper airway dimensions of OSA patients and normal subjects 
(Pae et al., 1994; Johal et al., 2007). The posterior airway 
space (PAS) (space behind the base of the tongue) of patients 
with OSA is smaller than that of normal individuals (Johal, 
2007; Rodenstein, 1990), and their craniofacial morphology is 
characterized by: short cranial base (Rodenstein et al., 1990; 
Schwab et al., 1993), posteriorly positioned maxilla and 
mandible (Pae et al., 1994; Schwab et al., 1993), retrognathia 
or micrognathia (Lowe et al., 1994; Lam et al., 2004) and 
increased upper and lower face heights (Bacon et al., 1990; 
Lowe et al., 1996). The importance of lateral cephalometric 
radiographs in the evaluation of the morphology of soft and 
skeletal maxillofacial tissues and the diagnostics of airway 
pathology is unquestionable. The aim of the study was to 
evaluate the relationships between hard and soft tissues and 
upper airway morphology in patients of skeletal class I, class II 
and class III malocclusion. 
 

MATERIALS AND METHODS 
 

 Pre treatment lateral cephalograms of 50 orthodontic 
patients selected randomly between the age of 13 to 30 
divided into Class I, Class II and Class III depending on 
ANB angle & WITS appraisal  

 Tracing was done manually by the same operator and all 
the above mentioned parameters were tabulated along 
with Rickets E-line, Pharyngeal space (upper & lower) 

 To find out association (correlation) between Rickets E-
line upper and lower pharyngeal space in all classes of 
malocclusion 

 

Landmarks used 
 

 Point A-the deepest point on the curve of the bone 
between the anterior nasal spine and dental alveolus  

 Point B-the deepest midline point on the mandible 
between the infradentale and the pogonion  

 Nasion(N)-the most anterior point of the frontonasal 
suture in the middle  

 Sella(S)-the center of the sella turcica  
 Pronasale(Prn)-the most protruded point on the nasal 

apex 
 Labiale Superioris (Ls)-midpoint of the upper vermilion 

line 
 Labiale Inferioris (Li)-midpoint of the lower vermilion 

line 
Soft tissue pogonion (Pog‘)-The most prominent or anterior 
point on the chin on the midsagittal plane 

Measurements done 
 

 SNA-Sagittal position of maxilla 
 SNB-Sagittal position of mandible 
 ANB-Sagittal jaw relationship 
 AO-Perpendicular drawn from point A to occlusal plane 
 BO-Perpendicular drawn from point B to occlusal plane 
 E-LINE-line formed by connecting the Prn and Pog' 

points 
 Ls-E line-distance from upper lip (Ls) to the E line  
 Li-E line-distance from the lower lip (Li) to the E line 
 UPW(width of the upper pharynx )-measured as the 

distance from the point of the posterior outline of the 
soft palate to the closest point on the posterior 
pharyngeal wall 

 LPW(width of the lower pharynx)-measured as the 
distance from the intersection of the posterior border of 
the tongue and the inferior border of the mandible to the 
closest point on the posterior pharyngeal wall  

 
Inclusion criteria for the study 

 
The cases were divided into Skeletal Class I, Class II and Class 
III depending on the following criteria 
 

 For a group to be considered in Class I 
 

 ANB angle between 1° to 3 ° 
 Wits appraisal between 0 to -1 mm 

  
 For a group to considered in Class II 

 
 ANB angle more than or equal to 3 ° 
 Wits appraisal greater than 0 mm 

 

 For a group to be considered in Class III 
 

 ANB angle was less than or equal to 1 ° 
 Wits appraisal less than -1 mm 

 
Statistical Analysis 
 
Statistical data analysis was performed using the SPSS (IBM 
SPSS Statistics 22.0) software. Spearman correlation was 
applied in order to evaluate the strength of the relationship 
between two quantitative variables that did not meet the 
conditions of normal distribution.  
 
Correlation analysis of SNA, SNB, and ANB angles as well as 
the parameters of soft tissues and the airways was performed. 
The most specific predictors of the decrease in the upper and 
lower pharyngeal width were assessed using the logistic 
regression analysis. Differences and interdependence between 
the attributes were considered to be statistically significant if P 
< 0.05. 

 
RESULTS 
 
A comparison of cephalometric values of soft tissue and 
airway measurements between Class I class II and class III 
individuals was performed. It showed that there was a strong 
positive correlation between Rickets E line (upper lip to E 
line)and pharyngeal space (lower)mm in the class 1 samples, 
rs(10) = .695,p < .0005. (Table 4) Preliminary analysis showed 
the relationship to be monotonic, as assessed by visual 
inspection of a scatter plot in Class I individuals.  
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Table 1. skeletal class I 

 
S.NO. ANB(0) WITS (mm) PHARYNGEAL SPACE (mm) RICKET’S E-LINE (mm) 

   UPPER LOWER Ls-E line Li-E line 
1 1.5 -0.5 11 11 2 1 
2 2 O 14 12 2 3 
3 2 0 16 10 3 4 
4 2 6 12 8 -3 3 
5 2 0 14 9 1 2 
6 2 1.6 13 9 -1 -1 
7 1 -1 15 18 3 2 
8 2 1.6 13 7 0 2 
9 1 -1 14 7 -3 -3 
10 3 1.6 12 12 3 4 
11 2 -1 17 10 4 2 
12 2 1 12 12 1 0 

 
Table 2. class II 

 
S.NO. ANB(0) WITS (mm) PHARYNGEAL SPACE (mm) RICKET’S E-LINE (mm) 

   UPPER LOWER Ls-E line Li-E line 
1 7 9 8 4 4 5 
2 6 10 13 8 1 7 
3 5 5 17 12 0 6 
4 8 4 14 9 2 5 
5 2 4 8 7 2 3 
6 6 2 12 12 .5 3 
7 5 3 12 8.5 2 4 
8 11 8.5 10.5 9 2 2 
9 5 5 8 12 1 1 
10 2 3 13 8 0 1 
11 3 1 11 8 1 5 
12 6 2 7 10 1 6 
13 4 4 7 7 5.5 6 
14 8 7 11 8 2 1 
15 7 4 9 11 2 3 
16 6 4 12 6 1 4 
17 6 4 10 11 1 4 
18 7 8 16 6 3 1 
19 6 4 13 9 -1.5 -1 
20 6 5 15 5 -1 0 
21 3 3 15 13 0 0 
22 7 5 11 10 3 5 
23 2 4 10 12 3 0 
24 9 6 6 6 5 6 
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Table 3. Class III 

 
 S.NO. ANB(0) WITS (mm) PHARYNGEAL SPACE (mm) RICKET’S E-LINE (mm) 

   UPPER LOWER Ls-E line Li-E line 
1 -9 -9 8 11 -5 3 
2 0 -1.5 13 7 2 3 
3 9 -8 11 4 0 5 
4 3 -4.5 9 8 4 2 
5 -.5 -4 18 11 -4 -1 
6 .5 -8 5 6 -1 5 
7 -1.5 -1.5 17 6 -5 -3 
8 -3 -4.5 19 6 -2 3 
9 0 -3 15 11 -8 5 
10 -4 -7 15 7 -3 1 
11 -4 -4 10 10 -2 2 

 

 
 

Figure 1. Scatterplot denoting the monotonic relationship between Rickets E line (upper lip to E line) 

 

 
 

Figure 2. Scatterplot denoting the monotonic relationship between Rickets E line (upper lip to E line) 
and Pharyngeal space (upper)mm 
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Table 4. Spearman Correlation between the various variables of Class 1 samples 
 

 Anb(degree) Pharyngeal 
space 
(upper)mm 

Pharyngeal 
space 
(lower)mm 

Rickets_e_line 
(mm) upper lip 
to e-line 

Rickets_e_line 
(mm) lower lip 
to e-line 

Spearman's 
rho 

ANB(DEGREE) Correlation Coefficient 1.000 -.203 .051 .171 .569 
Sig. (2-tailed) . .526 .876 .595 .054 
N 12 12 12 12 12 

PHARYNGEAL SPACE 
(UPPER)mm 

Correlation Coefficient -.203 1.000 .002 .410 .129 
Sig. (2-tailed) .526 . .996 .186 .690 
N 12 12 12 12 12 

PHARYNGEAL SPACE 
(LOWER)mm 

Correlation Coefficient .051 .002 1.000 .695* .275 
Sig. (2-tailed) .876 .996 . .012 .387 
N 12 12 12 12 12 

RICKETS_E_LINE(mm) 
upper lip to E-line 

Correlation Coefficient .171 .410 .695* 1.000 .486 
Sig. (2-tailed) .595 .186 .012 . .109 
N 12 12 12 12 12 

RICKETS_E_LINE(mm) 
lower lip to E-line 

Correlation Coefficient .569 .129 .275 .486 1.000 
Sig. (2-tailed) .054 .690 .387 .109 . 
N 12 12 12 12 12 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
Table 5. Spearman Correlation between the various variables of Class 2 samples 

 

 Anb Pharyngeal_space
_ upper 

Pharyngeal_sp
ace_lower 

Rickets_e_line_
upper_lip_e_line 

Rickets_e_line_lo
wer_lip_e_line 

Spearma
n's rho 

Anb Correlation Coefficient 1.000 -.050 -.187 .215 .057 
Sig. (2-tailed) . .805 .351 .281 .777 
N 27 27 27 27 27 

Pharyngeal_space_
upper 

Correlation Coefficient -.050 1.000 .090 -.443* -.226 
Sig. (2-tailed) .805 . .656 .021 .256 
N 27 27 27 27 27 

Pharyngeal_space_
lower 

Correlation Coefficient -.187 .090 1.000 -.132 -.170 
Sig. (2-tailed) .351 .656 . .513 .396 
N 27 27 27 27 27 

Rickets_e_line_up
per_lip_e_line 

Correlation Coefficient .215 -.443* -.132 1.000 .248 
Sig. (2-tailed) .281 .021 .513 . .212 
N 27 27 27 27 27 

Rickets_e_line_lo
wer_lip_e_line 

Correlation Coefficient .057 -.226 -.170 .248 1.000 
Sig. (2-tailed) .777 .256 .396 .212 . 

N 27 27 27 27 27 
*. Correlation is significant at the 0.05 level (2-tailed). 

 

 
 

Figure 3. Scatterplot denoting the monotonic relationship between Rickets E line (upper lip to E line)  
mm and Rickets E line (lower lip to E line)mm 
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In Class II individuals there was a moderate correlation 
between Rickets E line (upper lip to E line)and Pharyngeal 
space (upper)mm, rs(25) = .695. p < .0005. (Table 5) While in 
Class III individuals there was a strong positive correlation 
between Rickets E line (upper lip to E line)and Rickets E line 
(lower lip to E line)mm , rs (9) = .637. p < .0005 (Table 6).  

 
DISCUSSION 
 

 There is widespread & growing interest in facial 
esthetics which has become one of the goals of 
contemporary orthodontic treatment. A patient’s 
respiratory function is an important factor in diagnostics 
& treatment planning, and it has a direct correlation 
with the size of upper airways. 

 Zhang et al found that cephalometric facial analysis 
data did not have any significant differences among 
other techniques while in analysing upper airway 
patency 3D images have greatest accuracy, yet the 
disadvantage of this technique are high radiation 
exposure & high costs therefore cephalometric 2D 
images which are simple, sufficiently informative and 
cost effective technique are used as an alternative for 
airway measurement. 

 Basheer et al found that mouth breathers have more 
convex faces compared to nasal breathers. Gulsen et al 
stated that the convexity of facial soft tissues is related 
to the position of the jaws. Loptiene et al compared 
cephalometric values of soft tissue and airway 
measurements and found that there is significant 
negative correlation between width of upper pharynx 
and ANB angle, the ANB angle was decreasing with an 
increasing width of upper pharynx. The airways showed 
a stastically significant negative correlation between the 
width of lower pharynx and the distance from the upper 
and lower lips to the E- line. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this study all classes of malocclusion were studied and it 
was found that in Class I individuals there was strong positive 
correlation between Ricket’s E- line (upper) and lower 
pharyngeal space at p value<.05, In Class II individuals there 
was negative correlation between Ricket’s E- line (upper) and 
upper pharyngeal space at P value <.05 i.e as the lip 
prominence increase width of upper pharynx decreases while 
in Class III individuals there was strong positive correlation 
between upper and lower Ricket’s E-line. 
 
Conclusion 
 
During critical period of growth and development of the 
maxillofacial system, the patients with oral functional 
functional disturbances such as obstructive sleep apnoea, 
snoring and other airway disorders can be diagnosed using a 
2D cephalometric radiography in routine clinical practice. 
Through this study we conclude that in Class I patients with 
prominent upper lips there is decreased lower pharyngeal space 
which may be attributed to snoring, In Class II individuals with 
prominent upper lips have a decreased lower pharyngeal space 
while in Class III both the lips are prominent. As such this 
study is not directly related to the Obstructive sleep apnoea 
(OSA) but considering the factors involved in the etiology and 
serious concerns about Obstructive sleep apnoea as well as its 
investigative procedures are on the rise. A narrow upper 
airway and other predisposing or etiological factors, such as 
craniofacial deformity, mandibular retrognathia or 
micrognathia, tongue position, sleep posture etc have been 
reported. Planning successful treatment for the correction of 
anatomic abnormalities of upper airway by surgically 
advancing mandible depends on extensive knowledge of 
pharyngeal airway space and tongue position and the changes 
induced by the advancement surgery in the said structures.  
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Table 6. Spearman Correlation between the various variables of Class 3 samples 
 

 anb pharyngeal_
space_upper 

pharyngeal_
space_lower 

rickets_e_line_u
pper_lip_e_line 

rickets_e_line_lo
wer_lip_e_line 

Spearma
n's rho 

ANB Correlation Coefficient 1.000 -.192 -.491 .562 .262 
Sig. (2-tailed) . .571 .125 .072 .437 
N 11 11 11 11 11 

PHARYNGEAL_S
PACE_UPPER 

Correlation Coefficient -.192 1.000 .344 -.366 -.527 
Sig. (2-tailed) .571 . .300 .268 .096 
N 11 11 11 11 11 

PHARYNGEAL_S
PACE_LOWER 

Correlation Coefficient -.491 .344 1.000 -.396 -.306 
Sig. (2-tailed) .125 .300 . .228 .360 
N 11 11 11 11 11 

RICKETS_E_LIN
E_UPPER_LIP_E_
LINE 

Correlation Coefficient .562 -.366 -.396 1.000 .637* 
Sig. (2-tailed) .072 .268 .228 . .035 
N 11 11 11 11 11 

RICKETS_E_LIN
E_LOWER_LIP_E
_LINE 

Correlation Coefficient .262 -.527 -.306 .637* 1.000 
Sig. (2-tailed) .437 .096 .360 .035 . 
N 11 11 11 11 11 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
Table 7. Descriptive Statistics 

 

 CLASS 1 CLASS 2 CLASS 3 

ANB(DEGREE) 1.88 ± 0.53 5.63 + 2.15 -0.86 + 4.54 
PHARYNGEAL SPACE (UPPER)mm 13.50 + 1.78 11.50 + 2.76 12.73 + 4.50 
PHARYNGEAL SPACE (LOWER)mm 10.42 + 3.00 9.06 + 2.24 8.82 + 3.37 
RICKETS_E_LINE(mm) upper lip to E-line 1.00 + 2.34 1.35 + 1.81 -2.18 + 3.40 
RICKETS_E_LINE(mm) lower lip to E-line 1.58 + 2.07 3.11 + 2.42 1.36 + 3.17 
N 12 27 11 
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