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INTRODUCTION

Cavities surrounding the nasal region are known as the 
paranasal sinuses. Frontal sinus is situated within the fron-
tal bone. Its shape and size are influenced by primary and 
secondary factors. The sinus is tiny or negligible at birth. 
Growth in the vertical dimension of the sinus starts at 24 
months and it is evident on radiographs around 8 years of 

age. Growth spurt within frontal sinus occurs approximately 
one year post the bodies growth peak.1,2 

The largest sinus is the maxillary sinus. The growth and de-
velopment commence during fetal development (3rd Month) 
by the infundibulum present on ethmoid bone. Post birth, it 
expands in the lateral direction during the growth spurt pe-
riod (Birth - 3 years and 7 - 12 years).3

Research ArticleInternational Journal of Current Research and Review
DOI: https://doi.org/10.31782/IJCRR.2021.13436

IJCRR
Section: Healthcare

ISI Impact Factor 
(2019-20): 1.628

IC Value (2019): 90.81
SJIF (2020) = 7.893

Copyright@IJCRR

ABSTRACT
Introduction: The largest sinus is the maxillary sinus. The growth and development commence during fetal development (3rd 
Month) by the infundibulum present on ethmoid bone. Post birth, it expands in the lateral direction during the growth spurt period 
(Birth - 3 years and 7 - 12 years).
Aim/Objectives: The aim was to determine the relation of mandibular body length with the area dimensions of the maxillary and 
frontal sinus using digital lateral cephalogram.
Materials and Methods: 60 Digital lateral cephalograms were equally divided to form 3 groups of Class I, Class II, Class III 
patients comprising 20 each with equal inclusion of male and female patients. The Dolphin 2017 software was used to calculate 
the area dimensions and individual variables of both the paranasal sinuses, mandible size and both the cranial bases with their 
growth pattern.
Results: Class III malocclusion showed greater dimensions and surface area compared to those in other groups. Mandibular 
body length showcased a positive correlation to the sinus dimensions. Results obtained showed that the mean value of frontal 
sinus area for Class I was 335.59 mm2, Class II was 257.64 mm2 and Class III was 393.82 mm2. The mean value of maxillary 
sinus area for Class I was 973.70 mm2, Class II was 690.48 mm2 and Class III was 1078.75 mm2. Males showed greater values 
than the female group.
Conclusion: Class III malocclusion showed higher values for dimensions and surface areacompared to the other sample 
groups. Values calculated had a positive relation with both the cranial bases and mandibular body size.
Key Words: Para Nasal Sinus, Mandibular Body Length, Dolphin Software, Malocclusion, Dimensions and Surface Area, Growth
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Final dimensions of mandibular growth occur around the age 
of 18 years in females /20 years in males. Normal growth of 
mandible can cause failure of treatment in Class III patients, 
estimation of final jaw size is important. Therefore, ideal-
treatment timing in Class II/III malocclusions of skeletal ori-
gin significantly alters orthodontic treatment success. 4

Area dimensions of both the sinuses would be utilised to es-
timate the remaining growthfor mandible knowing that posi-
tive relation exists between both of them.

AIM/OBJECTIVES

The aim was to determine the relation of mandibular body 
length with the area dimensions of the maxillary and frontal 
sinus using digital lateral cephalogram.

MATERIALS AND METHODS

In this retrospective study, 60 Digital lateral cephalograms 
were equally divided to form 3 groups of Class I, Class II, 
Class III patients comprising 20 each with equal inclusion of 
male and female patients. The area dimensions of frontal and 
maxillary sinuses, size of mandible and both the cranial bas-
es with growth direction were calculated. Dolphin 2D 2017 
software was used in which the sinus and other parameters 
were outlined by an experienced operator.

FRONTAL SINUS

Width/Height/Ratio/FSSA

MAXILLARY SINUS

Length/Height/MSSA

Dolphin software was also used to calculate the following 
values:

1.	 Mandibular Body Length
2.	 Cranial Base Length: Anterior and Posterior
3.	 Growth Pattern

Same operator was used for the digitisation of every lateral 
cephalogram. After one week the same operator repeated the 
procedure to ensure intra-examiner reliability after which the 
mean of each index was used. 

Values were entered into Microsoft Excel for continuation 
of the study.

Inclusion criteria: 

•	 Age group of patients was between 8-18 years. 
•	 No history of orthodontic treatment. 

•	 No pathologies involving the sinuses
•	 Facial asymmetry or CLCP absent
•	 Clear visibility of paranasal sinuses as well as the hard 

tissue landmarks on the lateral cephalograms. 
•	 No prosthesis

Exclusion criteria: 

•	 History of previous orthodontic therapy.
•	 Missing teeth (3rd Molars excluded). 
•	 Permanent teeth impaction
•	 Poorly defined margins of the sinus.

Figure 1A: Dolphin Imaging.

Figure 1B: Dolphin Imaging.
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STATISTICAL ANALYSIS

Descriptive statistics were expressed as means and standard 
deviations for each group. Comparison of the study variables 
between the three groups was done using One Way ANOVA 
test followed by post hoc Bonferoni test. Comparison of di-
mensions of the sinus between both the sexes were done us-
ing Student t test. The correlation ofdimensions of the sinus 
and cephalometric variables was done using Pearson’s cor-
relation coefficient.  “P” value beneath or somewhat equal 
to 0.05 (P≤0.05) was taken to be significant statistically. 
“Statistical Package for Social Sciences” software V.20 per-
formed every single test analysis.

RESULTS

This study was emphasized to correlate the area of FS and 
MS in various skeletal malocclusions relying on values ob-
tained from cephalogram. 60 individuals fulfilling the inclu-
sion criteria were undertaken. The study included an equal 
ratio of female and male in each class. Each group of skel-
etal discrepancy was divided into 3 from the total sample 
size based on the Wits Appraisal, ANB Angle and Schwarz 
Analysis. 

FSH

Class 3 subjects showed the largest FSH dimension with an 
average of 26.59 mm followed by Class 1 with an average 
of 24.88mm and the least was in Class 2 Subjects with an 
average of 22.1 mm.

Figure 2: FSH Dimension.

FSW:
Class 3 subjects showed the largest FSW dimension with an 
average of 14.67 mm followed by Class 1 with an average 
of 13.34 mm and the least was in Class 2 Subjects with an 
average of 11.59 mm.

Figure 3: FSW Dimension.

FSSA:
Class 3 subjects showed the largest FSSA with a mean aver-
age of 393.82 mm2 followed by Class 1 with a mean average 
of 335.59 mm2 and the least was in Class 2 Subjects with an 
average of 257.64 mm2.

Figure 4: FSSA Dimension.

FSR (H/W):
Class 2 subjects showed the largest ratio with an average of 
1.92% followed by Class 1 with an average of 1.88% and the 
least was in Class 3 Subjects with an average of 1.83%.

Figure 5: Frontal Sinus Ratio (H/W).

MSH:
Class 3 subjects showed the largest MSH dimension with an 
average of 29.67 mm followed by Class 1 with an average 
of 28.41 mm and the least was in Class 2 Subjects with an 
average of 21.9 mm.
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Figure 6: MSH.

MSW:
Class 3 subjects showed the largest MSW dimension with an 
average of 36.23 mm followed by Class 1 with an average 
of 34.15 mm and the least was in Class 2 subjects with an 
average of 31.49 mm.

Figure 7: MSW Dimension.

MSSA:
Class 3 subjects showed the largest MSSA dimension with 
an average of 1078.75 mm2 followed by Class 1 with an av-
erage of 973.7 mm2 and the least was in Class 2 subjects with 
an average of 690.48 mm2.

Figure 8: MSSA.

Table 1: Comparison table between M vs F (Male Vs 
Female)

MSH MSW MSSA

M 26.82 ± 4.29 34.49 ± 3.47 934.73 ± 217.36

F 26.49 ± 4.10 33.42 ± 3.31 893.88 ± 209.18

P value  
(Student t test) 0.764 0.224 0.461

Table 2: Frontal sinus with different cephalometric variables:
FS

H W SA H/W

R P value R P value R P value R P value

Sella-Nasion 0.079 0.546 0.181 0.167 0.145 0.270 -0.072 0.583

AR-S 0.084 0.522 0.072 0.582 0.088 0.505 0.014 0.915

GO-GN 0.414 0.001* 0.712 <0.001* 0.610 <0.001* -0.292 0.023*

Sn-Go-Gn angle 0.079 0.550 0.006 0.964 0.083 0.527 0.037 0.779

Jarabaks Ratio -0.077 0.558 -0.068 0.607 -0.107 0.416 0.026 0.843

Posterior angle sum 0.068 0.607 -0.002 0.989 0.072 0.586 0.039 0.768

Gonial angle 0.133 0.312 0.034 0.798 0.110 0.401 0.087 0.511

Table 3: Maxillary sinus with different cephalometric variables
Maxillary Sinus

H W SA

R P value R P value R P value

Sella - Nasion -0.181 0.166 -0.010 0.939 -0.130 0.321

AR-S -0.253 0.051 -0.134 0.306 -0.232 0.075

GO-GN 0.471 <0.001* 0.369 0.004* 0.460 <0.001*

Sn-Go-Gn angle 0.173 0.185 0.124 0.345 0.167 0.202

Jarabaks Ratio -0.186 0.155 -0.200 0.126 -0.204 0.119

Posterior angles sum 0.183 0.163 0.127 0.332 0.174 0.185

Gonial angle 0.195 0.136 0.116 0.378 0.176 0.179
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Table 4: Body Length of Mandible to the Frontal/
Maxillary Sinus Index:
Independent variables R P value

Constant 10.717 0.766

FSH 0.345 0.635

FSW 2.623 0.056

FSSA -0.036 0.494

MSH 1.682 0.199

MSW 1.253 0.246

MSSA -0.044 0.251

DISCUSSION

Radiographs are important requirements for diagnosis and 
treatment planning. Final length of mandible is really impor-
tant factor which affects the treatment result. Primarily im-
portant in Class III malocclusionpatients. Limited researches 
have been done to relate the size of the sinus in skeletal dis-
crepancies. This study was used to assess both the paranasal 
sinus parameters to the mandible size.10 

Dolphin software was used to assess both the paranasal si-
nuses. Digital radiographs have the advantages of better 
quality; therefore, the errors would be at minimal.

Dolphin is a very commonly utilised software which consists 
of programs for 2D and 3D use. Dolphin 2017 was used in 
this study, which guided us for the digitization of every ra-
diograph.

The current results showed that the mean height, width, and 
surface area of the frontal sinus in Class III skeletal maloc-
clusion were significantly greater than those in Class I and 
II malocclusions. Furthermore, the dimensions and surface 
area of the frontal sinus had a significant correlation with the 
mandibular body length and gonial angle. 10

Genes as well as growth direction of the facial structures are 
2crucial factors which affect dimensions of asinus. Result 
proved the average height and area of frontal sinus to have 
a positive relation with linear distances of Sella-Nasion and 
Ar-S. 7

The results of this study showed that the dimensions of the 
maxillary sinus in skeletal Class III malocclusion were much 
greater than those in the Class I and Class II malocclusion 
group.10

According to our results, Maxillary sinus dimensions were 
much greater in male than female due to the cranial base in 
themweregreater than that in female population. The result 
followed the same conclusion for the frontal sinus area di-
mensions as well.

Results also showed that individual dimensions and surface 
area of the maxillary sinus showed positive correlation with 
the mandibular body length. Therefore, proves that increase 
in dimensions of the maxillary sinus is associated with an 
increase in the mandibular body length. 

Dimensions of the maxillary sinuses was lesser in patients 
with a hyperdivergent growth pattern. 

Various analysis was undertaken to show the relation of 
Mandibular size with the 2 paranasal sinuses and showed 
that changes in the mandibular size can be estimated using 
an equation with roughly 52% probability.

Body Length of Mandible = 10.717+ 0.345 (FSH) + 2.623 
(FSW) - 0.036 (FSSA) + 1.682 (MSH) + 1.253 (MSW) - 
0.044 (MSSA).
The equation helps to predict final mandibular body dimen-
sion in CL III samples. So, with values of both the paranasal 
sinuseswe would be able to use it for determination of the 
patient needing orthodontic camouflage treatment or orthog-
nathic surgery treatment after puberty.10 

To improve the efficacy of this study, the suggestion in the 
upcoming studies is to study the dimensions, surface area, 
and volume of the sinuses of the malocclusions by CBCT.

CONCLUSION

Results of mystudy stated that:

1.	 Class III skeletal malocclusion showed the greatest 
area dimensions of both the involved paranasal sinus-
es compared to other group samples. 

2.	 Mandible size and both the cranial bases had a positive 
relation with the area dimensions of the 2 paranasal 
sinuses.

3.	 Males showed greater dimension and surface area than 
those in females.
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