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malocclusion groups.
3. To correlate the area of frontal sinus 

with other variables of mandibular 
growth.

Materials And Methods
The present study was conducted on 80 
pre-treatment lateral head cephalograms, 
obtained from the patient record files, and 
the patients attending the OPD of the 
Department of Orthodontics and 
Dentofacial Orthopaedics, Faculty of 
Dental Sciences, CSMMU Lucknow. 
Age of the subjects ranged from 16 to 25 
years (mean age 17.76 years), indicating 
young adult sample.

The sample was divided according to 
antero-posterior skeletal relationships 
into skeletal class I, class II and class III 
malocclusion based upon the ß-angle 

[6](Chong Yol Baik and Maria Ververidou ) 
measurement as shown in (Table-1).

The same sample was also divided 

Introduction :
The frontal sinus bud is present at birth in 
the ethmoid region but is not evident 
radiographically until the fifth year, when 

[1]it projects above the orbital rim . Rapid 
growth of the sinus continues until the 

[2] [3]age of 12 years . Tanner  found that the 
annual height (stature) increments in 
children reached a plateau at 16 years in 
boys and 14 years in girls, and it was 
thought that these, too, were the ages at 
which frontal sinus enlargement ceased. 
This suggests that the increase in the 
sinus size very closely follows a growth 
trend similar to that of other bones. 

[4] [5]Joffe , Rossouw et al  found frontal 
sinus enlargement to be associated with 
prognathic subjects. 

However, there is lack of anteroposterior 
and vertical relation classification 
specificity in these studies, therefore 
additional data was necessary. The 
present study was carried out with the 
following aims and objectives:

1. To assess the area of the frontal sinus 
in various skeletal malocclusion 
groups.

2. To compare the area of the frontal 
s i n u s  i n  v a r i o u s  s k e l e t a l  
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acco rd ing  to  ve r t i ca l  ske l e t a l  
relationships into Hypodivergent, 
Neu t ra l  (Normodive rgen t )  and  
Hyperdivergent on the basis of facial 
height ratio (FHR), or Jarabak quotient 

[7](Siriwat and Jarabak ) (Table-2).

The division of the subjects on the basis 
of sex was not undertaken due to unequal 
distribution and narrow sample size. 
There was no history of previous 
orthodontic treatment or trauma to 
dentofacial region and TMJ. Individuals 
with micrognathia, macrognathia and 

Abstract
Objective: The aim of this project was to analyze the size of frontal sinus in different craniofacial 
patterns and to assess its correlation with excessive or deficient mandibular growth.

Results: The mean value of Frontal Sinus Area was significantly (p<.001) higher in skeletal Class 
III (310.50±68.07) as compared to Skeletal Class I (203.33±66.02) and Skeletal Class II 
(219.07±62.83). There was no significant difference in the Frontal Sinus Area in vertical 
craniofacial groups. Positive correlations, though with variable significant values in different 
skeletal classes, were found with effective maxillary length, effective mandibular length, 
symphysis width, condylar length.

Conclusions: 1) Frontal Sinus Area tended to be larger in individuals having skeletal Class III 
malocclusion as compared to skeletal Class I and Class II malocclusions. 2) No significant 
variations was found in individuals with Hypodivergent, Normodivergent and Hyperdivergent 
facial forms. 3) Large Frontal Sinuses were associated with large mandibles, irrespective of their 
positional relationship to the cranial base and growth direction.
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Table 1

Skeletal Type

Class I

Class II

Class III

ß- angle

o o27 -35

o<27

o>35

No. of Subjects

30

30

20

Table 2

Group

Group I

Group II

Group III

Facial Divergence

Hypodivergent

Normodivergent

Hyperdivergent

FHR (S-Go/ N-Me)

>63%

59%-63%

<59%

No. of subjects

53

17

10



other syndromes of oro-facial region 
were excluded. 

All cephalometric radiographs were 
traced on an acetate paper of 0.5µ 
thickness with sharp 4H pencil on a view 
box. The tracings were done under trans-
illuminated light in a dark room. 
Precautions were taken to eliminate stray 
light.

In tracing of bilateral anatomic 
structures, a line midway between right 
and left sides was used. This allowed the 
consideration of all structures as being in 
the midline and also helped to eliminate 
errors caused by improper positioning of 
patient during exposure of X-ray film. All 
the linear measurements were read to the 
nearest 1mm on a standard millimeter 
ruler. Degrees were likewise measured to 
the nearest 1° by a Protractor. 

Frontal sinus was calculated by 
superimposing a transparent standard 
graph sheet over the tracing of lateral 
head cephalogram and counting the 
number of squares within the inner 
outline of frontal sinus. The cross 
sectional area was expressed in square 
millimeters. When more than half area of 
the square was within the perimeter of 
frontal sinus, it was also counted as full 
square, where as squares having less than 
half of the areas inside the perimeter were 
excluded from the count.

Var ious  var iables  of  abnormal  
mandibular growth, jaw sizes, positional 
changes and growth direction were used 
(Figure 1, 2, 3, & 4).

The results of this cross-sectional study 
were analyzed. Mean values of different 
variables were calculated within each 
Class- ClassI, Class II, ClassIII and each 
Group- Group I (Hypodivergent), Group 
II (Normodivergent),  Group III 
( H y p e r d i v e rg e n t ) .  C o r r e l a t i o n  
coefficients were used to assess relation 
between the frontal sinus and the other 
variables drawn on the lateral  
cephalometric radiograph, so as to check 
the reliability of frontal sinus as an 
indicator of mandibular growth.

Results & Discussion
Malocclusion has been interpreted to be 
unfavorable deviations from the norms, 
and their morphologic characteristics 
have been studied extensively by analysis 
of the lateral cephalograms. 
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Some authors have related Frontal Sinus 
Area to various malocclusions.  
Acromegaly is  associated with 
prominent frontal sinus and overgrowth 
of the jawbone, and one usually finds a 
class III-type prognathic mandible in 

[8]these cases (Shafer, Hine, Levy, 1974) . 
[4] Joffe (1964) found Frontal Sinus 

enlargement to be associated with 
prognathic subjects, but no indication 
was given as to the correlation with 
indicators of growth-prediction.

[5]Rossouw, Lombard, Harris (1991)  
correlated Frontal Sinus Area with 
excessive mandibular growth. Ruf and 

[9],[10]Pancherz(1996)  suggested that the 

somatic maturity stage may be predicted 
rather accurately by analyzing Frontal 
Sinus development on pre-existing 
lateral head cephalograms.

The present study was carried out to 
analyze the size of Frontal Sinus in 
different craniofacial patterns and also to 
assess whether the size of Frontal Sinus 
could be correlated with mandibular 
growth. Age range of 16-25 years (mean 
age 17.76 years) was chosen to get a 
sample with Frontal Sinus growth 

[2]completed. Dolan, (1982)  reported that 
the growth of sinuses continues until the 
age of 12 years, when they reach nearly 

[3]adult size. Tanner (1962)  found that the 



annual height increments in children 
reached a plateau at 16 years in boys and 
14 years in girls, and it was thought that 
these, too, were the ages at which Frontal 
Sinus enlargement ceased. Ruf and 

[9]Pancherz (1996)  reported that Frontal 
Sinus shows peak growth at an average 
age of 15.1 years in males. According to 

[11]Brown, Molleson and Chinn (1984)  
enlargement of the frontal sinus ceases at 
15 ½ years in boys and 13 ¾ years in girls. 
The division of subjects on the basis of 
sex was not carried out because of 
unequal distribution and narrow sample 
size. 

Five measurements proposed by Ricketts 
[12](1982)  were used to determine the 

presence of abnormal mandibular 
growth: Cranial Deflection, Porion 
Location, Ramus Position, Symphysis 
Width, Condylar Axis. Schulhof, 

[13]Nakamura, Williamson (1977)  found 
that a high Cranial Deflection, short 
Porion Location, forward Ramus 
Position, and Class III molar relation 
were telltale signs that excessive 
mandibular growth was likely to occur. 
They claimed 73% prediction accuracy 

[12]with these four factors. Ricketts (1982)  
claimed that with these four factors along 
with Symphysis Width and Condylar 
Axis, accuracy in predicting abnormal 
mandibular growth increased to approx. 
90%. In our study we chose only skeletal 
criteria, thus class III molar relation was 
not used as a parameter. 

[14]The ANB Angle (Steiner, 1953)  is still 
widely accepted as an indicator of 
maxillo-mandibular harmony (Jacobson, 

[15]1975) . Therefore , it was used to 
assertain its correlation with the Frontal 
Sinus Area.

[16]The facial axis angle (Ricketts, 1975)  
[17]and the FMA (Tweed, 1946)  were 

measured to give an indication of growth 
direction. Effective Maxillary Length 
and Effective Mandibular Length 

[18](McNamara, 1984)  were measured to 
give an indication of the size of the jaw 
bones. Saddle Angle and Articular Angle 
were measured to give an assessment of 
positioning of the mandibular condyle to 
the cranial base, to see whether it is the 
position of condyle, which ultimately 
affects the mandibular positioning 

[19](Rakosi, 1982) .

Gonial angle was used as it is an 
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expression for the form of mandible, with 
reference to the relation between body 
and ramus. It also gives information of 
the mandibular growth direction (Rakosi, 

[19]1982) .

Assessment Of Frontal Sinus Area In 
Various Skeletal Types, Followed By 
Inter-class And Inter-group Comparisons
The mean value of the Frontal Sinus 
Area, as seen on the lateral cephalogram 
was found to be larger in skeletal Class III 
(310.50±68.07) malocclusion as 
c o m p a r e d  t o  s k e l e t a l  C l a s s  I  
(203.33±66.02) malocclusion. The 
difference of their means was very highly 
significant. Similar findings were 

[4]reported by Joffe (1964) , who found 
Frontal Sinus enlargement to be 
associated with prognathic subjects. The 
findings of the present study were also in 
agreement with those of Rossouw, 

[5]Lombard and Harris (1991) . They 
reported a Frontal Sinus mean size of 

[2]330.81±199.17 mm  and statistically 
demonstrated that a larger Frontal Sinus 
Area was associated with excessive 
mandibular growth, as in case of skeletal 
Class III malocclusion.

Singh, McNamara and Lozanoff 
[20](1997)  compared class I and class III 

cranial base configuration using FEM 
(Finite Element Analysis) for size change 
and reported dilations within anterior 
cranial base. Some earlier studies 
suggested that increase in thickness in the 
region of nasion was accounted for by 
enlargement of the frontal sinus (Bjork, 

[21] [22]1955 , Scott, 1958 ).

In the present study, on comparison of 
Frontal Sinus Area in skeletal class II 
(219.07±62.83) and skeletal Class III 
(310.50±68.07) malocclusions, the area 
was found to be larger in skeletal Class III 
malocclusion. Skeletal class III and class 
II malocclusion are the extreme 
variations of the facial developmental 
process, depicting excessive and 
d e f i c i e n t  m a n d i b u l a r  g r o w t h  
respectively, so it was logical to look for a 
significant difference between the two 
malocclusions, which was shown by the 
present study.

[23]Sollow and Nielsen (1992)  had 
suggested that since facial growth types, 
which deviate from the norm, would be 
expected to leave the most dramatic 
traces in the facial structures, the 
structurally based methods should 

predict extreme facial development 
better than the methods based on average 
increments.

On comparing the Frontal Sinus Area in 
skeletal class I malocclusion with 
skeletal class II malocclusion, the results 
were found to be non-significant. On 
seeing the significant results of skeletal 
class I and skeletal class III comparison, 
one may logically assume that small 
frontal sinuses should have been 
associated with small mandibles. But the 
present study reported no significant 
difference between the Frontal Sinus 
Area in skeletal class I and skeletal class 
II malocclusion.

It showed that though the Frontal Sinus 
Area increased with mandibular 
prognathism as in skeletal class III cases, 
the reverse was not true, that it was not 
found to decrease in skeletal class II 
malocclusion as compared to skeletal 
class I malocclusion. In a similar study 
reported by Rossouw, Lombard and 

[5]Harris (1991)  they had only compared 
the area of the frontal sinus in between 
adult skeletal class III and adult skeletal 
class I growth pattern cases but did not 
study the class II growth pattern cases.

In the vertical plane, the Frontal Sinus 
Area did not vary significantly between 
Hypodivergent (243.43±79.21) & 
Normodivergent (221.65±80.74) and 
Hyperdivergent (221.30±67.80) group. 
The non- significance of the Frontal 
Sinus Area in these groups might be due 
to the fact that all skeletal classes i.e. 
skeletal Class I, II, and III malocclusions 
were distributed in the Hypodivergent, 
Normodivergent and Hyperdivergent 
groups.

Assessment Of Correlation Of Frontal 
Sinus Area With Various Variables Of 
Mandibular Growth In Skeletal Class I, 
Class Ii And Class Iii Malocclusions

Karl Pearson's correlation coefficients 
were calculated between Frontal Sinus 
Area and other variables in skeletal Class 
I, II and III malocclusions. Correlation 
coefficients were not calculated in Group 
I, II and III, as there was no significant 
difference of the Frontal Sinus Area in 
these groups.

Correlation with ß -angle & ANB:
A large ß angle is indicative of a large 
mandible and a small maxilla as 



expressed in skeletal Class III 
malocclusion. Reverse is true for skeletal 
Class II malocclusion.

The positive correlations between 
Frontal Sinus Area and ß angle were not 
significant for this sample but confirmed 
the mandible and the Frontal Sinus 
association. (i.e. a large angle goes with a 
large frontal sinus). Similarly, negative 
correlation between the Frontal Sinus and 
ANB angle was not significant for the 
sample but confirmed the mandible and 
the Frontal Sinus association.

Correlation with Facial Axis Angle, 
FMA, Facial Height Ratio & Gonial 
angle:
The poor correlation suggested that large 
Frontal Sinus may be present with large 
mandible irrespective of its growth 
direction, or the form of mandible, with 
reference to the relation between body 
and ramus.

Correlation with Saddle Angle & 
Articular Angle:
Saddle Angle indicates the relationship 
between anterior and posterior-lateral 
cranial bases. It signifies the position of 
the condyle with that of cranial base. 
Articular Angle also signifies the position 
of the condyle.

The poor correlative results of the present 
study suggested that large frontal sinus 
was associated with large mandible 
irrespective of its relation to the cranial 
base.

Correlation with Cranial Deflection:
In case of skeletal Class III malocclusion, 
in the present study, there was a positive 
correlation between Cranial Deflection 
and Frontal Sinus Area (r = 0.47) and the 
value was statistically significant.

The results showed that a large Frontal 
Sinus Area was associated with a large 
Cranial Deflection in skeletal Class III 
malocclusion. Schulhof, Nakamura and 

[13]Williamson (1977)  in their study on 
Class III malocclusion have reported that 
large Cranial Deflection is associated 
with prognathic mandibles. This is 
mainly due to descend of the posterior 
cranial base resulting in the anterior 
positioning of the mandible.

Correlation with Porion Location:
Correlations between Porion Location 
and Frontal Sinus Area were found to be 
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low and non-significant Schulhof, 
[13]Nakamura and Williamson (1977)  

concluded that short Porion Location is 
suggestive of excessive mandible 
growth. However, short Porion Location 
is basically due to anterior positioning of 
mandible relative to maxilla and cranial 
base.

The results of present study showed that 
large Frontal Sinus Area was associated 
with large mandible irrespective of its 
positional relationship to maxilla and/or 
cranial base. The present study findings 
were similar to the findings reported by 
Rossouw, Lombard and Williamson 

[5](1991)  in which they reported a non-
significant correlation between porion 
location and Frontal Sinus Area

Correlation with Condylar Length:
The positive correlation value of 
Condylar Length with Frontal Sinus Area 
suggested that large Frontal Sinus Area 
was associated with large Condylar 
Length, which was associated with 
mandibular prognathism (Ricketts, 1982) 
[12].

[5]Rossouw, Lombard and Harris(1991) , 
had also reported a positive correlative 
coefficient (r = 0.233), which was 
significant (p<0.05), for the sample 
consisting of skeletal Class I and Class III 
cases. The non-significant values in the 
present study may be due to smaller 
sample size.

Correlation with Symphysis Width:
In the present study there were positive 
correlations between Symphysis Width 
and Frontal Sinus Area in skeletal Class I 
and Class III malocclusion, the values 
being non-significant, though it was 
clinically important in the later. In case of 
skeletal Class II malocclusion very 
highly significant positive correlation 
was found. 

These findings suggested that large 
Frontal Sinus Area was associated with 
large mandible with large symphysis 

[12]width. Ricketts (1982)  reported that 
large symphysis width was associated 
with large mandibles. Todd, Aki and 

[24]Nanda (1994)  assessed the symphyseal 
dimensions as a predictor of the direction 
of mandibular growth.

The present study findings were similar 
to those, reported by Rossouw, Lombard 

[5]and Harris (1991) , who also reported 

positive correlation between Symphysis 
Width and Frontal Sinus Area. Non-
significance of the correlation value in 
skeletal Class III malocclusion in the 
present study may be due to small sample 
size.

Correlation with Effective Maxillary 
Length/Mandibular Length:
There were positive correlations with 
Frontal Sinus Area in skeletal Class I and 
Class III malocclusion. In case of skeletal 
Class II malocclusion significant 
correlation was found.

[25]Guyer, Ellis and McNamara (1986)  
have reported larger mandibular length in 
skeletal class III sample as compared to 
skeletal class I sample. The results of 
present study suggested association 
between large mandible and Frontal 
Sinus Area. The non-significance of the 
correlation coefficient in skeletal Class I 
and Class III malocclusion may be due to 
insufficient sample size.

To adequately analyze Fontal Sinus size, 
an occipitomental radiograph may also 
be used (Harris, Wood, Nortje and 

[26]Thomas) , but that was beyond the 
purpose of this study. The lateral 
cephalogam is part and parcel of 
everyday orthodontic analyses, and this 
study indicates that a large frontal sinus 
as seen on the lateral cephalograms may 
give an indication to excessive 
mandibular growth.

Although this method seems to be 
promising, there are some inherent 
limitations in its present form. The frontal 
sinus is exposed to muscle attachments 
and to influences from the external 
environment that play a part in its size 

[5](Rossouw, Lombard and Harris ,1991) . 
Body stature may also be associated with 
Frontal Sinus Area, as seen in cases of 
ac romega ly  (Shafe r,  Hine  and  

[8]Levy,1974) . Being a cross-sectional 
study a clear cut relation between the 
Frontal Sinus Area and mandibular 
growth could not be drawn. Probably the 
limitations of the study can be minimized 
by doing the study on a large sample size 
a n d  u n d e r t a k i n g  a n  e l a b o r a t e  
longitudinal study.

Conclusion
Foregoing the observations, the 
following conclusions were drawn:
1. Frontal Sinus Area, as seen on a 

lateral cephalogram, tends to be 
larger in individuals having skeletal 
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Class III malocclusion as compared 
to skeletal Class I and Class II 
malocclusions.

2. There are no significant variations in 
the Frontal Sinus Area in individuals 
w i t h  H y p o d i v e r g e n t ,  
Normodivergent and Hyperdivergent 
facial forms.

3. Large Frontal Sinuses are associated 
with large mandibles, irrespective of 
their positional relationship to the 
cranial base and growth direction.
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