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ABSTRACT

Background: The maxillary sinus is an important anatomical structure that contributes to craniofacial growth and has
significant implications in orthodontic diagnosis and treatment planning. Although previous studies have evaluated
maxillary sinus morphology, limited evidence is available regarding its association with different craniofacial growth
patterns. The present study was undertaken to compare maxillary sinus volume among individuals with horizontal,
average, and vertical growth patterns using cone-beam computed tomography (CBCT). Materials and Methods: This
retrospective observational study included 45 CBCT scans of individuals aged 18-30 years with fully developed maxillary
sinuses. Based on the Frankfurt mandibular plane angle (FMA), participants were equally allocated into horizontal (<21°),
average (22°-28°), and vertical (>29°) growth pattern groups. Maxillary sinus volumes were measured using Dolphin 3D
software following standardized three-dimensional segmentation. Data were analysed using the Independent Samples
Median Test with post-hoc pairwise comparisons, and statistical significance was considered at p < 0.001. Results: A
significant increase in maxillary sinus volume was observed from the horizontal to the vertical growth pattern groups (p <
0.001). The horizontal group demonstrated the lowest mean sinus volume (9,822 + 1300.35 mm?), the average group
showed intermediate values (13,662.73 + 1390.69 mm?), while the vertical growth pattern exhibited the highest mean
volume (18,072.07 + 2935.58 mm?®). Pairwise comparisons confirmed significant differences between all three groups.
Conclusion: Maxillary sinus volume varies significantly with craniofacial growth pattern, with individuals exhibiting a
vertical growth pattern demonstrating the largest sinus volumes. These findings highlight the value of CBCT-based three-
dimensional assessment in improving orthodontic diagnosis, treatment planning, and clinical decision-making involving
the posterior maxilla.
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INTRODUCTION

The maxillary sinus is the largest of the paranasal sinuses and
plays an important role in craniofacial development, respiration,
resonance, and structural adaptation of the midface. It develops
during embryogenesis and continues to enlarge through
pneumatization until early adulthood. Variations in its
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morphology are influenced by age, sex, genetic factors, and
craniofacial growth characteristics. Because of its close
relationship with the maxilla and posterior teeth, understanding
maxillary sinus morphology is important in orthodontics and
dentofacial orthopaedics.!
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The maxillary sinus develops concurrently with the surrounding
facial skeleton, and its dimensions are influenced by maxillary
growth and remodeling. Basdra et al. reported that sinus growth
is closely associated with craniofacial development, suggesting
that skeletal morphology and sinus anatomy are interrelated.?
Previous studies have also demonstrated considerable individual
variation in sinus pneumatization, influenced by both
developmental and environmental factors.?

Age-related alterations in maxillary sinus morphology have been
documented by several investigators. Jun et al. demonstrated
progressive changes in sinus aeration with advancing age,* while
Ariji et al. reported significant age-related differences in
maxillary sinus volume.® In addition, sex-related differences have
been observed, indicating that biological factors also contribute
to variations in sinus morphology.¢

The anatomical relationship between the maxillary sinus and
posterior teeth has important clinical implications during
orthodontic treatment. The proximity of the sinus floor to
posterior tooth roots may influence orthodontic tooth movement,
particularly during molar intrusion and space closure. Sharan and
Madjar emphasized the importance of evaluating sinus anatomy
before initiating orthodontic treatment,” whereas Park et al.
demonstrated that controlled tooth movement through the
maxillary sinus is feasible with appropriate biomechanics.®

The introduction of cone-beam computed tomography (CBCT)
has enabled accurate three-dimensional evaluation of maxillary
sinus morphology. Compared with conventional radiography,
CBCT provides precise volumetric assessment with minimal
distortion. Recent CBCT studies have demonstrated significant
differences in maxillary sinus volume among various craniofacial
growth patterns.®,'®

Individuals with different vertical skeletal patterns exhibit
variations in facial morphology that may influence sinus
development. Previous CBCT studies have consistently reported
larger maxillary sinus volumes in individuals with vertical facial
patterns than in those with horizontal growth patterns.''™'?
Furthermore, orthognathic surgical procedures have also been
shown to influence maxillary sinus dimensions, highlighting the
close relationship between skeletal morphology and sinus
anatomy.'4,'s

Although previous studies have evaluated maxillary sinus
dimensions in relation to age, sex, and skeletal characteristics,
evidence regarding the influence of craniofacial growth pattern
on maxillary sinus volume remains limited. Therefore, the
present study was undertaken to evaluate and compare maxillary
sinus volume among individuals with horizontal, average, and
vertical craniofacial growth patterns using CBCT.

MATERIALS AND METHODS

Study Design

This retrospective observational study was conducted using cone-
beam computed tomography (CBCT) records obtained from
patients who had undergone CBCT imaging for diagnostic
purposes at Amrita School of Dentistry. The study utilized
previously acquired radiographic records, and all patient
information was anonymized before analysis in accordance with
institutional guidelines.

Sample Selection

The sample size was determined based on previously published
studies evaluating maxillary sinus volume in relation to different
craniofacial growth patterns. A total of 45 CBCT scans fulfilling
the predefined eligibility criteria were included in the study.
Individuals aged between 18 and 30 years with fully developed
maxillary sinuses, complete craniofacial CBCT records, and
reconstructed lateral cephalometric images suitable for skeletal
assessment were considered eligible. Only CBCT scans with
adequate image quality and minimal artefacts were included to
ensure accurate volumetric analysis. Patients with a history of
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maxillofacial ~ trauma, orthognathic surgery, congenital
craniofacial anomalies, sinus pathology, mucosal thickening,
cysts, tumours, or incomplete radiographic records were excluded
from the study.

CBCT Image Acquisition

The CBCT datasets were exported in Digital Imaging and
Communications in Medicine (DICOM) format and imported
into Dolphin 3D software (Dolphin Imaging and Management
Solutions, USA) for volumetric assessment. All images were
analysed under standardized viewing conditions after proper
orientation of the reconstructed three-dimensional craniofacial
models to ensure uniformity during image evaluation.

Classification of Craniofacial Growth Pattern

Reconstructed lateral cephalometric images derived from the
CBCT datasets were used to classify participants according to
their craniofacial growth pattern (Fig. 1). The Frankfurt
mandibular plane angle (FMA), measured between the Frankfurt
horizontal plane and the mandibular plane, was used as the
reference parameter for skeletal classification. Based on the
measured FMA values, participants were categorized into three
groups: Group I comprised individuals with a horizontal growth
pattern (FMA <21°), Group II included those with an average
growth pattern (FMA 22°-28°), and Group III consisted of
individuals with a vertical growth pattern (FMA >29°). All
cephalometric measurements and classifications were performed
by a single examiner to minimize inter-observer variability.

Three-Dimensional Evaluation of Maxillary Sinus
Volume

Following image orientation, the maxillary sinus was segmented
using Dolphin 3D software. The boundaries of the sinus were
identified in the axial, sagittal, and coronal planes, and the sinus
cavity was manually delineated from the surrounding anatomical
structures. The software subsequently generated a three-
dimensional reconstruction and automatically calculated the sinus
volume. Measurements were obtained separately for the right and
left maxillary sinuses (Figs. 2 and 3), and the average of the two
measurements was considered the final maxillary sinus volume
for each participant.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
(IBM Corp., Armonk, NY, USA). Descriptive statistics were
expressed as mean, standard deviation, median, and interquartile
range. Data normality was assessed using the Shapiro—Wilk test.
Since the data did not satisfy the assumptions of normality,
comparisons among the three craniofacial growth pattern groups
were performed using the Independent Samples Median Test,
followed by post-hoc pairwise comparisons. A p-value of <0.001
was considered statistically significant.

Outcome Measure

The primary outcome measure of the study was the comparison
of mean maxillary sinus volume among individuals with
horizontal, average, and vertical craniofacial growth patterns.

RESULTS

A total of 45 CBCT records meeting the eligibility criteria were
included in the study. Based on the Frankfurt mandibular plane
angle (FMA), the study participants were equally classified into
three groups: horizontal growth pattern (n = 15), average growth
pattern (n = 15), and vertical growth pattern (n = 15).

The descriptive statistics of maxillary sinus volume among the
three craniofacial growth patterns are presented in Table 1.
Individuals with a horizontal growth pattern demonstrated the
lowest mean maxillary sinus volume (9,822 + 1300.35 mm?),
whereas those with an average growth pattern exhibited an
intermediate mean volume (13,662.73 + 1390.69 mm?®). The
highest mean maxillary sinus volume was observed in the vertical
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growth pattern group (18,072.07 + 2935.58 mm?®). Similarly, the
median sinus volume showed a progressive increase from the
horizontal (10,217 mm?®) to the average (14,202 mm?®) and
vertical (17,389 mm?®) growth pattern groups. The Independent
Samples Median Test demonstrated a statistically significant
difference in maxillary sinus volume among the three groups (p <
0.001) (Table 1).

The distribution of maxillary sinus volume across the three
craniofacial growth patterns is illustrated in Figure 4. The box-
and-whisker plot demonstrated a gradual increase in sinus
volume from the horizontal to the vertical growth pattern groups.
In addition, the vertical growth pattern group showed a wider
interquartile range and greater dispersion of values, indicating
increased variability in sinus volume compared with the
horizontal and average growth pattern groups (Fig. 4).

Since the data did not satisfy the assumptions of normal
distribution, the Independent Samples Median Test was
performed to compare maxillary sinus volume among the three
craniofacial growth pattern groups. The analysis revealed a
statistically significant difference in median sinus volume across
the study groups (p < 0.001), indicating that maxillary sinus
volume varied significantly according to craniofacial growth
pattern (Table 1).

Post-hoc pairwise comparisons further demonstrated statistically
significant differences between each pair of growth patterns.
Significant differences were observed between the horizontal and
average growth pattern groups, the horizontal and vertical growth
pattern

groups, and the average and vertical growth pattern groups, with
all adjusted p-values remaining below 0.001.

Overall, the findings demonstrated a progressive increase in
maxillary sinus volume with increasing vertical craniofacial
growth tendency. Individuals with a vertical growth pattern
exhibited significantly greater maxillary sinus volumes than those
with average and horizontal growth patterns, confirming a strong
association between craniofacial growth pattern and maxillary
sinus morphology (Table 1, Fig. 4).

DISCUSSION

The present retrospective CBCT study evaluated the association
between maxillary sinus volume and different craniofacial
growth patterns. The findings demonstrated a statistically
significant increase in maxillary sinus volume from the
horizontal to the vertical growth pattern groups (p < 0.001).
Participants with a vertical growth pattern exhibited the highest
mean maxillary sinus volume (18,072.07 + 2935.58 mm’),
whereas those with a horizontal growth pattern demonstrated the
lowest mean volume (9,822 + 1300.35 mm?). Individuals with an
average growth pattern showed intermediate values, indicating a
progressive increase in sinus volume with increasing vertical
facial divergence (Table 1, Fig. 4).

The maxillary sinus develops in close association with the
surrounding craniofacial skeleton and undergoes continuous
remodeling during growth and maturation. As pneumatization
progresses, the sinus expands within the maxillary bone, and its
final dimensions are influenced by skeletal morphology. Basdra
et al.? reported that the maxillary sinus contributes significantly
to facial development and adapts to changes occurring within the
craniofacial complex. The findings of the present study further
support this concept by demonstrating significant differences in
sinus volume among the three craniofacial growth patterns.

The greater maxillary sinus volumes observed in individuals with
a vertical growth pattern may be explained by the anatomical
characteristics of hyperdivergent facial morphology. Increased
lower anterior facial height, greater vertical maxillary
development, and clockwise rotation of the mandible provide a
larger skeletal framework that facilitates sinus pneumatization.
Conversely, individuals with horizontal growth patterns generally
exhibit reduced vertical facial dimensions and a comparatively
compact maxillary architecture, thereby limiting sinus expansion.
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These anatomical differences may account for the progressive
increase in sinus volume observed across the three study groups.

The present findings are consistent with those reported in
previous CBCT-based investigations. Oksayan et al.!
demonstrated significantly larger maxillary sinus dimensions in
individuals with vertical facial patterns than in those with
horizontal growth patterns. Similarly, Shrestha et al.° reported
significant variations in maxillary sinus volume among different
craniofacial growth patterns, while Kumar et al.'® observed that
sinus dimensions were influenced by craniofacial skeletal
morphology. More recently, Ding and I¢6z'2 reported
significantly greater sinus volumes in hyperdivergent individuals
compared with hypodivergent subjects. Likewise, Bagchi et al.®
demonstrated a positive association between vertical facial
pattern and maxillary sinus volume in skeletal Class I adults.
Collectively, these findings corroborate the results of the present
study and reinforce the influence of craniofacial growth pattern
on maxillary sinus morphology.

Age is another important factor known to influence maxillary
sinus morphology. Previous studies have shown that sinus
pneumatization continues throughout adolescence and early
adulthood before reaching relative stability. Jun et al*
demonstrated progressive changes in sinus aeration with
advancing age, whereas Ariji et al° reported age-related
variations in maxillary sinus volume wusing computed
tomography. To minimize the confounding effect of age, the
present study included only young adults with fully developed
maxillary sinuses.

The anatomical relationship between the maxillary sinus and
posterior maxillary teeth has considerable clinical relevance in
orthodontics. As sinus volume increases, the sinus floor may
extend closer to the roots of posterior teeth, potentially
influencing orthodontic tooth movement during molar intrusion,
distalization, en-masse retraction, and space closure. Sharan and
Madjar’” demonstrated a significant relationship between the
morphology of the maxillary sinus floor and posterior tooth roots,
emphasizing the importance of careful radiographic evaluation
before orthodontic treatment. Similarly, Park et al.® reported that
controlled orthodontic tooth movement through the maxillary
sinus is feasible when appropriate biomechanical principles are
followed. Therefore, three-dimensional CBCT assessment should
be considered an integral part of orthodontic diagnosis and
treatment planning, particularly in patients exhibiting vertical
craniofacial growth patterns.

The findings of the present study also have important
implications beyond orthodontics. Variations in maxillary sinus
volume may influence procedures such as implant placement,
sinus floor elevation, and orthognathic surgery by altering the
available bone volume and anatomical relationships within the
posterior maxilla. Panou et al'* demonstrated that
orthognathic surgery can produce measurable changes in
maxillary sinus dimensions, highlighting the close relationship
between skeletal repositioning and sinus morphology.
Consequently, accurate preoperative CBCT evaluation may
facilitate better surgical planning and reduce the risk of
intraoperative complications.

One of the major strengths of the present study is the use of
CBCT for three-dimensional volumetric evaluation of the
maxillary sinus. Compared with conventional two-dimensional
radiographic techniques, CBCT provides accurate visualization
with minimal distortion and without anatomical superimposition,
enabling reliable assessment of sinus morphology.' Furthermore,
standardized image orientation, volumetric reconstruction using
Dolphin 3D software, and objective classification of craniofacial
growth patterns using the Frankfurt mandibular plane angle
enhanced the reliability and reproducibility of the
measurements.’, '

Despite these strengths, certain limitations should be
acknowledged. The retrospective design may have introduced
selection bias because only previously available CBCT records

Page: 1480



Details of Corresponding Author

were included. In addition, the relatively small sample size may
limit the generalizability of the findings. Other variables that may
influence maxillary sinus morphology, including sex, ethnicity,
dental status, and skeletal malocclusion, were not evaluated
separately. Future multicentre studies with larger sample sizes
and multivariable analyses are required to further clarify the
influence of these factors on maxillary sinus volume.

Future longitudinal investigations evaluating changes in
maxillary sinus volume during craniofacial growth and following
orthodontic treatment would provide additional insight into sinus
development. Further studies assessing the combined influence of
vertical and sagittal skeletal relationships, sex-related differences,
and the relationship between sinus volume and posterior tooth
root proximity may enhance the clinical relevance of these
findings.

CONCLUSION

Within the limitations of this retrospective CBCT study,
maxillary sinus volume differed significantly among individuals
with different craniofacial growth patterns. Participants with a
vertical growth pattern demonstrated the largest maxillary sinus
volumes, whereas those with a horizontal growth pattern
exhibited the smallest volumes (Table 1, Fig. 4). These findings
indicate that maxillary sinus morphology is closely associated
with craniofacial skeletal growth and should be considered
during orthodontic diagnosis and treatment planning.

The use of three-dimensional CBCT imaging enabled accurate
volumetric assessment of the maxillary sinus, providing clinically
relevant information that may assist in treatment planning
involving the posterior maxilla. A comprehensive understanding
of these anatomical variations may contribute to improved
biomechanical planning, safer orthodontic tooth movement, and
better clinical outcomes. Further prospective studies with larger
and more diverse populations are recommended to validate these
findings and to investigate the influence of additional skeletal and
demographic factors on maxillary sinus morphology.

REFERENCES

* Whyte A, Boeddinghaus R. The maxillary sinus: physiology,
development and imaging anatomy. Dentomaxillofac Radiol.
2019;48(8):20190205. doi:10.1259/dmfr.20190205.

* Basdra E, Stellzig A, Komposch G. The importance of the
maxillary sinuses in facial development: a case report. Eur J
Orthod. 1998;20(1):1-4. doi:10.1093/ej0/20.1.1.

* Scuderi AJ, Harnsberger HR, Boyer RS. Pneumatization of the
paranasal sinuses: normal features of importance to the
accurate interpretation of CT scans and MR images. AJR Am
J Roentgenol. 1993;160(5):1101-1104.
doi:10.2214/ajr.160.5.8470585.

* Jun BC, Song SW, Park CS, Lee DH, Cho KJ, Cho JH. The
analysis of maxillary sinus aeration according to aging
process: volume assessment by three-dimensional
reconstruction using high-resolution CT scanning.

IJDDT, Volume 16 Issue 7, 2026

Otolaryngol Head Neck Surg. 2005;132(3):429-434.
doi:10.1016/j.0tohns.2004.11.012.

* Ariji Y, Kuroki T, Moriguchi S, Ariji E, Kanda S. Age changes
in the volume of the human maxillary sinus: a study using
computed tomography. Dentomaxillofac Radiol.
1994;23(3):163-168. doi:10.1259/dmfr.23.3.7835518.

e Uthman AT, Al-Rawi NH, Al-Naaimi AS, Al-Timimi JF.
Evaluation of maxillary sinus dimensions in gender
determination using helical CT scanning. J Forensic Sci.
2011;56(2):403-408. doi:10.1111/j.1556-4029.2010.01642 x.

* Sharan A, Madjar D. Correlation between maxillary sinus floor
topography and related root position of posterior teeth using
panoramic and cross-sectional computed tomography
imaging. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2006;102(3):375-381. doi:10.1016/j.triple0.2005.09.031.

* Park JH, Tai K, Kanao A, Takagi M. Space closure in the
maxillary posterior area through the maxillary sinus. Am J
Orthod Dentofacial Orthop. 2014;145(1):95-102.
doi:10.1016/j.ajod0.2012.07.020.

* Shrestha B, Shrestha R, Lin T, Lu Y, Lu H, Mai Z, et al.
Evaluation of maxillary sinus volume in different craniofacial
patterns: a CBCT study. Oral Radiol. 2021;37(4):647-652.
doi:10.1007/s11282-020-00506-2.

Kumar HA, Nayak USK, Kuttappa MN. Comparison and
correlation of the maxillary sinus dimensions in various
craniofacial patterns: a CBCT study. F1000Res. 2022;11:488.
doi:10.12688/f1000research.110889.2.

* Oksayan R, Sokiicli O, Yesildal S. Evaluation of maxillary
sinus volume and dimensions in different vertical face growth
patterns: a cone-beam computed tomography study. Acta
Odontol Scand. 2017;75(5):345-349.
doi:10.1080/00016357.2017.1310294.

» Ding K, I¢6z D. Maxillary sinus volume changes in individuals
with different craniofacial skeletal patterns: a CBCT study.
BMC Oral Health. 2024;24(1):1516. doi:10.1186/s12903-
024-05341-z.

* Bagchi P, Potnis S, Dhoke A, Daniel N, Jairaj V, Kanna ASA,
et al. Association of vertical facial patterns with maxillary
sinus volume in skeletal Class I adults: a cross-sectional cone-
beam computed tomographic study. Cureus. 2025.
doi:10.7759/cureus.81927.

* Panou E, Motro M, Ates M, Acar A, Erverdi N. Dimensional
changes of maxillary sinuses and pharyngeal airway in Class
III patients undergoing bimaxillary orthognathic surgery.
Angle Orthod. 2013;83(5):824-831. doi:10.2319/100212-
777.1.

* Emirzeoglu M, Sahin B, Bilgic S, Celebi M, Uzun A.
Volumetric evaluation of the paranasal sinuses in normal
subjects using computed tomography images: a stereological
study. Auris Nasus Larynx. 2007;34(2):191-195.
doi:10.1016/§.an1.2006.09.003.

Figures

Page: 1481



Details of Corresponding Author

1YY 110 CISHIUT INGYIRISITU LU MG SUHUUE UL USHUSU Y] ~ JINLLVALIRIY, AOL IR 1L, CUUE Y T

Edit View Tools Help
ng

Patients

A
S ¢

e Instant Zoom Spotlight W

| Eepue/ ASHA SREEVALSAN, ID: 2640270 Timepoint: asha - 02023 | PreOp: 14102023 | PreOp: 01112023 | @/ |
VST Male Other, b. 14-10-2023 (age 0)
MaphAK) 172 | pightsc iy -
2D Morphi Analsis: composie.. v
Dev Norm: ) Polygon/Wigglegram ;192 /aues
| Digiize Group/Measurement Value  Norm Std Dev Dev Ng
~
[ SN - Basion (°) **Insufficient Landmarks**
B Anterior Cranial Base (SN) (mm) 6.9  65.3 3.0 -1¢
Siper: Posterior Cranial Base (S-Ba) (mm) *+Insufficient Landmarks**
V. hpose 55 Fi - SN () 1.1 6.0 4.0 1
SNA (%) 7.1 82.0 3.5 -1
;::ﬁ:m Maxillary Skeletal (A-Na Perp) (mm) -0.1 0.0 3.1 -
BNS to Basion (mm) #*+Insufficient Landmarks**
s Ba - ANS (mm) **Insufficient Landmarks**
ImPlanner Upper Face Height (N-ANS) (mm) 5.2 50.0 2.5 -17
SN - B () 0.1 723 NA ¥
Midface Length (Co-3) (mm) **Ingufficient Landmarks**
] 05 Maxillary length (ANS-ENS) (mm) 4.2 51.6 4.3 -1
SNB (°) 74.0  20.9 3.4 -2
Mand. Skeletal (Pg-Na Perp) (mm) -0.9  -4.0 5.3 C
Facial Angle (FH-NPo) (°) 85.1  86.5 3.0 ¢
Letters >> Ba - Pg (mm) *+Insufficient Landmarks**
Mandibular length (Co-Gn) (mm) **Insufficient Landmarks**
Anywhere Vertical distance from Condylion to Gonion (mm)  **Insufficient Landmarks*
Dolphin >> Mandibular Body Length (Go-Gn) (mm) icient Landmarks*
Posterior Face Height (SGo) (mm) *+Insufficient Landmarks**
| Beamfead Gonial/Jaw Angle (Ar-Go-Me) (°) **Insufficient Landmarks**
ANB (°) 4.1 1.6 1.5 1
Wits Appraisal (mm) 0.3 -1.0 1.0 1
| Manageme Mx/Md diff (Co-Gn - Co-R) (mm) **Insufficient Landmarks**
¥-Axis -- Downs (SGn-FH) (°) 59.9  59.4 3.8 ¢
Treatment Facial Axis-Ricketts (NaBa-PtGn) () **Insufficient Landmarks**
Card SN - GoGn (°) 33.8  32.9 5.2 e
Occ Plane to SN (°) 18.7  14.4 2.5 1
Document: A (MP-FH) (°) 25.1  26.0 4.5  =C
PP - MP (°) **Insufficient Landmarks**
Aquarium il €

Determination of craniofacial growth pattern using reconstructed lateral cephalometric analysis.

o Orientation u"uﬁug ) ﬂ_ /A | P Y Y M Bl e i il v
7

Airway Area =0 mm?

Coronal (Draft) ‘

< >@

z
SeedPorts: Show Hidden Seeds

1: For each draft sice view, go to the slica(s) with the optimal airway view and add
20ints (i.e., the Yellow Dots) from which to expand inside the airway, and if
ssary, define a clipping boundary to restrict the expansion.

ve.

2 Adjust siway sensitivity:

< & 26

3 Click on this button to find airway: Update A

‘olume Rendering Options

Soft Tissue: [ <

[JHard Tissue: < >

Three-dimensional segmentation and volumetric assessment of the left maxillary sinus using Dolphin 3D software.

1JDDT, Volume 16 Issue 7, 2026 Page: 1482



Details of Corresponding Author

——— = =~ S M| Airway Area = 0 mm?

Coronal (Draft) i
|

i I
|

g

g

o e——

T

‘ I b MmN e =
<Avy Geef s @D []Show 30 Plane
< 5
Seed Points: Show Hidden Seeds

31: For each draft siice view, go to the slice(s) with the optimal airway view and add
1 paints (i.6., the Yellow Dots) from which to expand inside the aiway, and it
zssaty, define a clipping boundary to restrict the expansion.

) 2: Adjust airway sensitivity. (@) Quick JHU m
< > 5
»3: Click on this button ta find ainway: Update Airway

‘Wolume Rendering Options
ek Sowsiverhs. ® suie Osoa [

Three-dimensional segmentation and volumetric assessment of the right maxillary sinus using Dolphin 3D software.

Comparison of maxillary sinus volume among growth patterns
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Comparison of Maxillary Sinus Volume among Different Craniofacial Growth Patterns.
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CRANIOFACIAL GROWTH HORIZONTAL AVERAGE VERTICAL
PATTERN (n=15) (n=15) (n=15)
MEAN 9822 13662.73 18072.07
STANDARD DEVIATION 1300.353 1390.698 2935.589
MEDIAN 10217 14202 17389
PERCENTILE Q1(25th percentile) 8880 12640.00 16182.00
50th percentile 10217.60 14202.00 17389.00
Q3(75th percentile) 10773.00 14777.00 19676.00
p-VALUE <0.001 <0.001 <0.001
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