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Introduction

Lateral cephalograms have become a vital tool in orthodontic 
assessment and treatment planning since the introduction of 
radiography by Broadbent in 1931. Various anatomical points 
are used in assessment of different malocclusions which can be 
precisely and accurately depicted in a lateral cephalogram, but 
presently different other points are also derived which are used 
to reach definite point of diagnosis in orthodontics.[1,2] One of 
these landmarks are the paranasal sinuses which can be easily 
assessed by radiographic method such as lateral cephalogram 
and panoramic radiographic view, but lateral cephalogram 
is more preferred since other radiographs provide duplicate 
information.[3]

Paranasal sinuses are the bony chambers embedded in the 
bones around the mid facial structure. Maxillary sinus, 
ethmoidal sinus, frontal sinus and sphenoidal sinus are the 
four anatomical sinus presents in the human body. Of these, 
maxillary sinus and frontal sinus can be depicted in the 
lateral cephalogram of almost all the patients. Development 
and growth of these sinuses effect different orthodontic 
malocclusion is hypothesized in different studies.[4-7] Maxillary 
sinus which lies in close proximity to the maxillary posterior 
teeth might be affected by different skeletal malocclusions. 
Similarly, Rossouw et al. found enlarged frontal sinus in 
subjects having prognathism. Increase in the bone growth 

follows same growth pattern in paranasal sinuses. Different 
studies have done to investigate paranasal sinus development 
in patients by lateral cephalograms. The frontal sinus is an 
aeric cavity located within the frontal bone. It develops 
during the 4th or 5th weeks of intrauterine life and continues 
to grow after birth until early adulthood by anterosuperior 
pneumatisation of the frontal recess into the bone.[8] It 
contains two chambers which are typically asymmetrical, 
due to the independent development of each sinus and which 
are separated by a bone septum. The human skull has been 
extensively studied ante and postmortem for identification 
purposes both in anatomical and radiological assessments. 
Schuller was a pioneer in establishing the important role of 
the frontal sinus for sex determination.

The frontal air sinus is present from birth but is not evident 
radiographically until the 5th year, when it projects above the 
orbital rim. Rapid growth of sinus continues until the age of 
12 years, until it reaches its adult size. Joffe observed frontal 
air sinus enlargement with the prognathic subjects, but no 
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correlation was given.[9] The aim of this study was to assess 
whether a large frontal air sinus could be related to mandibular 
growth pattern [Figures 1 and 2].

Materials and Methods

A random selection of 90 lateral cephalograms, consisting of 
horizontal, average and vertical growth patterns, were analysed 
and grouped into three groups, Group I: Horizontal growth 
pattern (n = 30), Group II: Average growth pattern (n = 30) 
and Group III: Vertical growth pattern (n = 30).

Criteria for selection of the cephalograms are as follows:
•	 Participants should have no systemic diseases, sign of 

trauma, or a congenital disease
•	 Participants should not have any paranasal sinus 

pathology
•	 Participants should not show any signs of the previous 

orthodontic treatment
•	 Participants should be of average age between 16 and 

30 years.

Methods
•	 Cephalograms were grouped mainly into three groups: 

Group 1 – Horizontal growth pattern (n = 30), Group 2 – 
Average growth pattern (n = 30) and Group 3 – Vertical 
growth pattern (n = 30).

•	 All lateral cephalograms were taken by skilled and 
experienced technicians in a standard natural head 
position as recommended by Broadbent.

•	 The ethical approval was obtained from the Institutional 
Ethical Committee. Being a retrospective study, the 
patients were informed that their lateral cephalograms 
will be used for further studies and consent was obtained 
during that time.

•	 The cephalograms were manually traced by a single 
researcher with the help of a 0.5-mm thick lead pencil and 
a millimetre scale for the planes on orthodontic tracing 
paper.

•	 For the linear measurements, a millimetre precision digital 
Vernier calliper for the registration of the reading.

•	 The frontal sinus area was calculated by superimposing 
the frontal sinus drawn acetate paper over a standard 
graph paper sheet and counting the number of squares 
present within the inner outline of frontal sinus.

•	 It was measured as square millimetres.
•	 When more than half area of the square was within the 

perimeter of the frontal sinus, it was also counted as 
full square, whereas squares having less than half of 
the areas inside the perimeter were excluded from the 
count.

Statistical analysis
All data were entered into a computer by giving coding system, 
proofed for entry errors
•	 Data obtained was compiled on a Microsoft Office Excel 

Sheet (v 2019, Microsoft Redmond Campus, Redmond, 
Washington, United States).

•	 Data were subjected to statistical analysis using the 
Statistical Package for the Social Sciences (SPSS v 26.0, 
IBM).

•	 Descriptive statistics such as mean and SD for numerical 
data has been depicted.

Normality of numerical data was checked using Shapiro–Wilk 
test and was found that the data followed a normal curve; 
hence, parametric tests have been used for comparisons.

•	 Inter group comparison (>2 groups) was done using one-
way ANOVA followed by pair-wise comparison using 
post hoc test.

For all the statistical tests, P  <  0.05 was considered to be 
statistically significant, keeping α error at 5% and β error at 
20%, thus giving a power to the study as 80%.

There was a statistically non-significant difference seen for the 
values between the groups (P > 0).

There was a statistically non-significant difference seen 
(P > 0.05) for the values between all the pairs of groups.

Figure 2: The points in the figure show the maximum height and width of 
the frontal air sinus. a: Denotes maximum height; b: Denotes maximum 
width of the sinus. 1 is point Nasion 

Figure 1: Traced lateral cephalogram
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Results

The frontal air sinus volume has been compared among various 
growth pattern individuals and there was a statistically non-
significant difference seen for the values between the groups 
(P > 0.05) [Table 1]. Also using the post hoc test, there was a 
statistically non-significant difference seen (P > 0.05) for the 
values between all the pairs of groups [Table 2].

Discussion

The frontal air sinuses are one of the four pairs of paranasal 
sinuses that are situated behind the brow ridges. Sinuses are 
mucosalined airspaces within the bones of the face and skull. 
Each Air sinus opens into the anterior part of the corresponding 
middle nasal meatus of the nose through the frontonasal 
duct which traverses the anterior part of the labyrinth of the 
ethmoid. The frontal sinus bud is present during the birth in the 
ethmoidal region, but it is not evident radiographically until 
the age of 5 years when it projects above the orbital rims.[10] 
The sinus grows until the age of 12 years. Tanner 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.[11] This suggests that the increase in the sinus size very 
closely follows a growth trend similar to that of other bones. 
The development and size of frontal sinus can be crucial for 
diagnosing and treating various malocclusions. Joffe[12] and 
Rossouw et al.[13] found the frontal sinus enlargement to be 
associated with prognathic patients. The lateral cephalograms 
are widely used to study morphologic characteristics in various 
growth pattern individuals. The present study was carried out 
to analyse the correlation of frontal air sinus in various growth 
pattern individuals.[14-18] According, to the results, we can state 
that there is no significant correlation between dimensions of 
frontal air sinus and different growth patterns

Apart from this, previously various studies have been carried 
out, and it was suggested that acromegaly is associated with 

prominent frontal sinus and overgrowth of the jawbone, and 
one usually finds a Class  III type prognathic mandible in 
these cases.[19,20] Another study conducted by Ricketts et al. 
cephalometrically analysed the skeletal growth patterns of 
103 patients with Class I and Class III malocclusions to assess 
abnormal mandibular growth. The results indicate that there is 
a significant correlation between maxillary length, mandibular 
length, condylar length and frontal sinus size on a lateral 
cephalogram. Thus, the frontal sinus can possibly be used as an 
additional indicator when one is predicting mandibular growth.

In the present study, manual tracing was used for calculation of 
the maximum height, maximum width and frontal sinus area of 
the frontal sinus. Although in some studies, the digital method 
was used to measure these factors, the manual technique has 
accuracy similar to that of digital technique in this regard. Thus, 
considering its affordability, the manual technique was used. It 
seems that further investigations in several centres with larger 
sample sizes can increase the accuracy of the obtained data and 
standards. The correlation of the frontal air sinus and growth 
pattern can be helpful in prediction of growth pattern from other 
radiographic method with less radiation exposure to the patient.

Conclusion

The study had been carried out to relate the volume of frontal 
air sinus in horizontal, vertical and average growth pattern 
individuals. There had been no statistical significance between 
the frontal air sinus volume of the various growth pattern 
individuals reporting randomly to the department of the 
orthodontics and dentofacial orthopaedics.

The limitation of the present study must be acknowledged as 
the study is carried out on limited number of individuals and 
results may vary from the present study.
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