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ABSTRACT

Introduction: The maxillary sinus is of great interest with its intricate relationship to the Oro maxillofacial structures, serving
as a narrative investigative tool for age and gender estimation in forensic dentistry. Numerous software programs are utilized
in medical surgeries to analyse and print reconstructive organs. Among these, ITK-SNAP and MIMICS are particularly useful
for volumetric estimation of sinuses using cone beam computed tomography scans.

Aim: The aim of this study is to evaluate maxillary sinus volumes using CBCT scans and compare the analysis provided by
two different software programs, ITK-SNAP and MIMICS, in terms of age-gender estimation.

Materials and Methods: This study was performed in 154 patients selected by a retrospective review of the archives of the
Vishnu dental college, Department of Oral Radiology. Patients were divided into five age groups (18-24 years, 25-34 years,
35-44 years, 45 years) and by sex. Cone-beam computed tomography (CBCT) images of the patients were transferred to the
MIMICS & ITK-SNAP software and the Maxillary Sinus Volume (MSV) was measured. All statistical analyses were performed
using the SPSS (Statistical Package for Social Sciences, version 21) software.

Results: There was no statistically significant difference between the right and left maxillary sinus volume according to the
findings obtained from our study, and maxillary sinus volume in males was found to be significantly higher than that of females.
Another finding of our study is that the maxillary sinus volume decreases with age increase. Especially it was also found that
the sinus volume in males in the 18—24 age group was statistically significantly. A strong positive Pearson correlation coefficient
of .798 was obtained between “MIMICS” and “ITK-SNAP” for maxillary sinus volume, which is highly statistically significant
(p-value = .000). This indicates a robust positive linear relationship between the maxillary sinus volumes obtained through
“MIMICS” and “ITK-SNAP” methods.

Conclusion: Consequently, maxillary sinus volume measurements can be made on CBCT scans using reconstruction
software. For measuring and segmenting, the ITK-SNAP program is suggested since it provides a dependable and easy-to-
use semiautomatic approach that made the study’s findings possible.
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INTRODUCTION

Forensic dentistry is known for its novel investigatory
methods employed to recognize unidentified and unclaimed
bodies, most of which make age — gender estimation te-
dious.!? Such situations are challenging in major catastrophes
where greater accuracy is required. Usually, the pelvis and
skull are the gold standard specimens used to make a precise
diagnosis.* However, if unavailable, the maxillary sinus can
be used as a subsidiary specimen for diagnosis. The litera-
ture states that even in high crush injuries or blows expected,

maxillary sinus anatomy is not easily disfigured, which al-
lows its inclusion in forensic investigations. Many situations
arise if the whole structure is burned, dissolved, or isolated,
which makes the procedure even more arduous.>® Because
of its unique architecture and closeness to other oral struc-
tures, the maxillary sinus is of significant interest to dentists.
Understanding it can assist avert difficulties during maxil-
lofacial surgery. When the full body cannot be obtained, the
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maxillary sinus can be utilized as a sex determination method
in forensic medicine.

There are different software and methodologies published
regarding volumetric analysis of the maxillary sinus (maxillary
sinus volumes (MSV)), varying from injecting dies to using an
ellipsoid formula. There is a surge of volume measurement
programs, both automated and semi-automated, that employ
CBCT and MRI images. In medicine, such software is helpful
in reconstructive surgeries and help in 3D printing of recon-
structed organs. It utilizes bone density and understands us-
ing Hounsfield units, thus depicting the structures easily. Even
the smallest and structurally complex structure can be picked
and separated for better understanding and to enhance de-
tailing. For the purpose of assessing paranasal sinuses, cone
beam computed tomography (CBCT) scans are now the recom-
mended imaging technique. CBCT scans, as opposed to stan-
dard X-rays, have the ability to distinguish between a variety
of structures and airspaces, including bone, teeth, the airway,
and paranasal sinuses, while avoiding the drawbacks of 2D
pictures.®” This study aimed to assess maxillary sinus volumes
using CBCT scans and compare the analysis of two different
software’s ITK-SNAP and MIMICS for age — gender estimation.

MATERIALS AND METHODS

A comparative study was conducted by taking CBCT / DI-
COM (Digital Imaging and Communications in Medicine) im-
ages referred for various reasons to Vishnu dental college, oral
radiology department retrospectively. The institutional ethics
committee accepted the study protocol and assigned it the
number IECVDC/23/UG01/OP/IVT/53.

Dentulous CBCT scans, patients subjected to CBCT scans
for maxilla required diagnostic and treatment procedures with-
out the history of orthodontics and orthognathic surgery are
included in the study.

CBCT scans with pathology in maxillofacial region, arte-
facts and poor diagnostic quality, completely edentulous scans,
scans with craniofacial fractures and developmental anomalies
such as palatal cleft, Oral and maxillofacial deformities and
patients with history of orthodontic treatment and trauma are
excluded from study.
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Fig. 1: Maxillary sinus volumes trend as age increases

Calculations to determine the sample size were performed
for age estimation of maxillary sinus volume as the primary
outcome using G*power version 3.1.9.4. The calculations were
based on an effect size of 0.08, an alpha level of 0.05, and a de-
sired power of 80%. The estimated sample size was 126 CBCT
images.

All CBCT scans were acquired using a CRANEX 3D system
(manufactured by SORDEX), which operated with parameters
of 90 kVp, 5 mA, and 4.9 seconds of exposure time, resulting in
an image area with a voxel size of 300 mm2 and a field of view
(FOV) of 6x8cm. The images were recorded in the digital imag-
ing and communications in medicine (DICOM) format, with
each DICOM file containing a single frame of 512x512 matrix
resolution.

ITK-SNAP : ITK-SNAP (version 3.8, ITK-SNAP, UPenn &
UNC, USA)

MIMICS : MIMICS 21.0 software (Materialise HQ Technolo-
gielaan, Leuven, Belgium)

CBCT images were collected from the department of oral
medicine and radiology then, uploaded for volumetric analy-
sis into the two so called software’s ITK-SNAP and MIMICS
respectively in a computer . The threshold limit was set be-
tween a minimum limit of -1024HU to a maximum of -526HU
respectively.

Two lines are used to pick the panoramic cut: a vertical line
(V) and a horizontal line (H) at the centre of the arch. These are
the specifics:

¢ The horizontal line is indicated at the maximum mesio-
distal extension of the sinus cavity; the vertical line is measured
from the lowest point of the sinus floor to its highest position,
which is at the orbital floor’s boundary. It specifically stretches
from the nasal cavity’s medial limit wall to the distal wall next
to the maxilla’s tuberosity. Retrospective collection of CBCT
scans from department of oral radiology.

Statistical analyses were performed using SPSS 17.0 soft-
ware (SPSS Inc., Chicago, IL, USA), and the data are expressed
as means + standard deviations. Independent t test and One-
way ANOVA were used for statistical analysis. The mean MSV
was compared among groups using Student’s t test and one-
way analysis of variance. P values >0.01 were considered to in-
dicate statistical significance.
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Fig. 2: Three dimensional reconstruction & volumetric
analysis of maxillary sinus by MIMICS software
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ResuLts

Careful evaluations for MSV, scans were done to prevent
any significant difference which were aligned with the statistics
with an overall efficiency 97% respectively. All the measure-
ment were found to be highly satisfactory and reproducible in
nature (p>0.01). The mean values of MSV for women were 32.0
+5.33 cm 3 whereas males had a value of 26.5+7.4 cm 3. (Table
1)

In the “MIMICS” group, the mean maxillary sinus vol-
ume is approximately 24,247.81, with a standard deviation of
6,846.90. On the other hand, in the “ITK-SNAP” group, the
mean maxillary sinus volume is approximately 23,113.33, with
a standard deviation of 6,690.50. The calculated p-value for this
comparison is 0.19 suggesting that there may not be a statisti-
cally significant difference in maxillary sinus volume between
the two groups. (Table 2)

A strong positive Pearson correlation coefficient of .798 was
obtained between “MIMICS” and “ITK-SNAP” for maxillary
sinus volume, which is highly statistically significant (p-value
=.000). This indicates a robust positive linear relationship be-
tween the maxillary sinus volumes obtained through “MIM-
ICS” and “ITK-SNAP” methods.

Discussion

The intricate anatomy of the maxillary sinus relative to the
alveolar bone is a subject of interest, particularly given its com-
plex, variable extensions that defy numerous factors, such as
age and sex.” The proximity of the sinus to dentofacial struc-
tures is crucial for dentists to diagnose and plan treatments."
While there are various studies that use CBCT scans to analyse
maxillary sinus volumes using different software, this particu-
lar study stands out for its comparative examination of manual
and automated software versions.!®!! The scans were retrospec-
tively collected and filtered based on specific criteria.

The maxillary sinus, also known as the antrum of High-
more, is a three-dimensional pyramidal structure with its apex
facing the zygoma, making it amenable to volumetric analysis
for manual segmentation.® The study found a mean MSV value
of 29.7+5.14 ¢m3 for both males and females, with values of
38.5+15.4 cm3 and 30.0+9.33 cm3 for the manual and automated
software, respectively. The symmetry between the left and right

Fig. 3: Volumetric reconstruction models calculated by ITK-
SNAP software

36 Oral and Maxillofacial Pathology Journal, Volume 16 Issue 1 January—-June 2025

antrum was evident in this study.

Additionally, studies conducted in the past have demon-
strated alterations brought about by orthodontic treatment,
septum deviation, and sinus diseases, as well as volumetric
changes in the maxillary sinus and its link to tooth position.
Research has also examined variations in the size and struc-
ture of the maxillary sinus according to age, gender, and race;
however, the forensic component of these studies has yielded
little data.’> ¥ Numerous studies have found a broad range of
maxillary sinus diameters, which might be attributed to factors
including ethnic and human diversity as well as the induction
of pneumatization.”*'®> A number of variables, including the
dentition, chewing power, breathing patterns, and craniofacial
development factors, might affect the pneumatization of the
maxillary alveolar processes.!"3

There were differences between the MSV findings of Wu et
al." and Kanthem RK et al.”® The results of the research are con-
sistent with Wu et al’s conclusion that there was no significant
difference between the left and right MSV and that the MSV
was higher in females than in males. However, Kanthem RK et
al. found that the right MSV was higher than the left MSV and
that the MSV was considerably higher in men than in females.
This disparity could result from the maxillary sinus continuing
to develop until the second and third decades of life in boys
and females, respectively, and then experiencing an age-related
decrease in volume.

Researchers'® have anatomical study indicated that Maxil-
lary Sinus Volume (MSV) increased until age 20 and then de-
creased; no significant differences were found between right
and left MSVs or between the sexes. Our study, which em-
ployed a different volume measurement method, found no
significant differences between the sexes, but we did find a
significant difference between the ages. the beginning stages
(18-24 years old) , males had higher MSV than females; how-

Table 1: Descriptive statistics of average sinus volumes accord-
ing to side of the sinus, gender and age

GENDER | VARIABLES |N | Average|Std. de-) P
MSV viation value

Right 102 15.92 4.456 0.3
left 102 15.02 448 0.2
18-24 33 33.8 5.85 0.01*

Female
25-34 40 29.2 6.21 0.2
35-44 20 24.6 3.25 0.15
44 and above |5 25.3 7.52 0.2
Right 52 13.24 3.285 0.3
Left 52 14.25 3.875 0.2
18-24 19 42.05 5.36 0.01*

Male
25-34 15 38.56 4.21 0.15
35-44 8 29.34 3.24 0.5
44 and above | 10 26.89 4.14 0.2

*significant
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ever, after that point, there were no discernible variations be-
tween the sexes within the age categories.(Figure 1) It seems
that males may finish the growth and development of their
maxillary sinus later in life than females suggesting that con-
tinued growth and development of facial norms contributed to
an increase in MSV." Various methods have been used to mea-
sure MSV, including the ellipsoid formula, which was utilized
by Degermenci et al.’® They found that MSV was not related to
age. Our study yielded different results, possibly due to the use
of a different volume measurement method. However, because
the maxillary sinus is a complex anatomical structure with no
uniform boundary, these measurements may differ from true
values.

CBCT is superior to CT in a number of ways, including few-
er metal artifacts, faster scan times, and the capacity to exam-
ine in the axial, coronal, and sagittal planes using 3D medical
imaging software. Furthermore, CBCT is the favoured imaging
modality in our study because it is more accessible, less expen-
sive, and easier to utilize in a clinical context. The paranasal si-
nuses, nasoseptal flap measurements, and middle ear anatomy
are frequently imaged with CBCT. CBCT can’t see soft tissues,
requires X-rays, and exposes patients to greater radiation doses
than intraoral radiography, among other drawbacks.!

Table 2: Independent t test on the accuracy of sinus volumes
calculated among ITK-SNAP and MIMICS.

Std. De-
Group N | Mean viation p-value
Maxil- - | MIMICS | 51 | 5404781 | 6846.90
lary
sinus ITK- 0.19
volume |guap |21 |2311333 | 6690.50

Comparison among two different software’s

There are numerous third-party software applications that
perform 3D segmentation on DICOM files*. Some examples
include ON DEMAND3D, ITK-SNAP, MIMICS, and slicer 3D.
Although there are very few studies comparing the accuracy
and ease of handling these software applications in relation to
dental structures, it is evident from the feedback gathered from
various operators that ITK-SNAP and MIMICS are the two
most widely used platforms for medical image segmentation
and processing.?*

There is a plethora of software available for analysing DI-
COM files , mostly include semi-automatic segmentation tools.
Some free-source entities are accessible online. Many of these
options were developed in a university setting or by small re-
search groups, which may explain why dental clinicians are
not always aware of them. In the present study, we tested one
free-source software (ITK-SNAP) and one licensed version
(MIMICS) specifically designed for volumetric analysis of the
sinus.»2

ITK-SNAP is a user-friendly, straightforward segmentation
and registration toolkit that allows for regional and boundary-
based segmentation of different anatomical structures scanned
with various imaging modalities, including CT, MRL and CBCT

Table 3: correlation statistics among the overall efficiency be-
tween ITK-SNAP and MIMICS.

ITK-SNAP
Maxillary sinus volume | Pearson Correlation | .798**
MIMICS Sig. (2-tailed) 000
N 21

Table 4: Schematic overview of technical differences between ITK-SNAP & MIMICS softwares

Primarily used for segmentation of 3D and 4D biomedical
images. It is ideal for researchers and clinicians who need a
free, open-source tool for detailed image segmentation

Purpose and
usage

Semi-Automatic Segmentation: Uses active contour methods

(snakes).

Manual Segmentation: Allows manual delineation in three
orthogonal planes.
Key features

Support for Multiple Formats: Compatible with NIfTI
DICOM, and other formats!.

User-Friendly Interface: Modern graphical user interface
Cost Free and open source

Community &

support a modern interface and is relatively easy to learn
Supported by a community of researchers and
applications developers. Extensive documentation and tutorials are

available online!l.

Image Navigation: Linked cursor for seamless 3D navigation.

Designed to be user-friendly with a focus on ease of use. It has

Oral and Maxillofacial Pathology Journal, Volume 16 Issue 1 January—June 2025

A commercial software used for converting 2D medical image data into 3D
models. It is widely used in medical research, surgical planning. and custom
implant design
Image Segmentation: Advanced tools for segmenting anatomical structures.

3D Model Generation: Converts segmented images into 3D models.

Measurement and Analysis: Tools for measuring and analyzing anatomical
structures.

Integration with CAD: Export 3D models to CAD software for further design
and analysis.

Simulation and Planning: Used for pre-surgical planning and simulation
Commercial software. requires a license

Also user-friendly but may require more training due to its extensive features
and capabilities

Provides professional support and training. Extensive resources, including
tutorials and user guides, are available

37
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(figure 3) . This user-guided interface interactively guides the
segmentation process, which can be performed manually or
semi-automatically. Some literature suggests competitive re-
sults in the accuracy of brain tumour segmentation using ITK-
SNAP.27 Additionally, ITK-SNAP is open-source and freely
available for non-commercial and academic purposes, and its
results are statistically significant and reproducible.

MIMICS software has many advantages and is preferred for
analysing data of this nature.”® Although it is not open source,
many researchers and clinicians use it for various applications,
including orthognathic surgery planning and maxillofacial re-
construction. (figure 2)

The present results indicate that there were no significant
differences in the volume reconstruction of the sinus between
ITK-SNAP & MIMICS.#® In this investigation, the primary
factors that might lead to variations in segmentation were op-
erator variability as a random error and the threshold selection
method as a systematic error. To control and limit these vari-
ables, the image scans used in the study were acquired using
the same CBCT machine with the same acquisition parameters.
This way, all variables influencing the precision of the 3D mod-
el rendering before the segmentation process were controlled.

The software algorithm, the thickness and level of calcifica-
tion or cortication of the bone structure, and the spatial and
contrast resolution of the scan all affect the semi-automated
segmentation process.30 In light of the current findings, thresh-
old-based seed points may not encompass hypodense voxels
in this region, making it plausible that software based on the
growing region algorithm (Slicer 3D, ITK-SNAP) may have
trouble effectively recognizing boundaries.

While ITK-SNAP is a powerful tool, it has some limitations,
such as assigning a single label to each pixel in the grayscale im-
age, making the sub-voxel accuracy of the sinus boundaries dif-
ficult to segment, and lacking fully automated functionality.*!
However, it is designed to mimic commercial medical model-
ling software developed by Materialize, which is specifically
designed for medicaland reconstructive image processing. It
is more compatible with manual segmentation processes, al-
lowing users to create 3D models from medical image data and
perform precise measurements of volumes within anatomical
structures such as the maxillary sinus. Studies have shown that
it can produce comparable 3D models.*

Manual segmentation provides many methods. First, be-
cause of the operator’s manual adjustments and anatomical
understanding, it enables the detection of areas with poor
bone density or lacking clearly defined boundaries. According
to research®, this is the reason why hand segmentation is re-
garded as the gold standard in situations when there are no
true anatomic structures or laser scanning techniques available.
Second, the operator’s borders could not line up, which would
change how the surface is shown. It may be inferred from the
current research and prior data* that manual segmentation is
very time-consuming and only reliable when carried out by a
specialist. While there’s currently not enough data to support
the precise determination of a maxillary sinus region using
semi-automated techniques, the process is dependable and
faster than using a human approach. Therefore, from a clini-
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cal standpoint, in order to overcome the segmentation accuracy
and time management issues, operators who require a precise
definition of antral boundaries but lack the requisite technical
skills in 3D imaging should seek assistance from companies
that specialize in 3D imaging technology.

Limitations

The intra-observer and inter-observer accuracies, which
are essential for getting over semi-automatic segmentation’s
two primary drawbacks—its operator dependence and time-
consuming nature—were not assessed in this work. In contrast
to earlier techniques that used generic hand-crafted features,
recent applications of deep learning paradigm have shown
very promising results in automated segmentation of anatomi-
cal structures from CBCT. Nevertheless, further research is re-
quired to address this new open scenario.

ConcLusions

In summary, our study highlights that 3D computer-aided
technology enables precise age and gender analysis by assess-
ing sinus volumes. The ITK-SNAP program, recommended
for measuring and segmenting CBCT scans, has proven to be
a reliable and user-friendly semiautomatic tool, essential for
our results. It is crucial to evaluate specific needs and select ap-
propriate tools when addressing medical image segmentation
tasks involving similar entities. This study demonstrates that
open-source solutions can be both cost-effective and depend-
able. This technology facilitates comparative volume analysis
among individuals, assessment of changes over time, and ex-
ploration of age- and gender-related variations.

REFERENCES

1. Emam NM. Role of Forensic Odontology in Identification of
Persons: A Review Article. Cureus. 2024 Mar 20;16(3):e56570. doi:
10.7759/cureus.56570. PMID: 38523878; PMCID: PMC10957511.
Krishan K, Kanchan T, Garg AK. Dental Evidence in Forensic
Identification - An Overview, Methodology and Present Status.
Open Dent J. 2015 Jul 31;9:250-6.

2. Hinchliffe J. Forensic odontology, Part 1. Dental identification.
Br Dent J. 2011 Mar 12;210(5):219-24. doi: 10.1038/sj.bdj.2011.146.
PMID: 21394152.

3. Ingaleshwar P, Bhosale S, Nimbulkar G, Smitha T, Deepak V,
Britto F. Assessment of condyle-coronoid angle and gonial angle
for gender determination: A digital panoramic study in Bagalkot
population. ] Oral Maxillofac Pathol. 2022 Jul-Sep;26(3):414-418.
doi: 10.4103/jomfp.jomfp_74 22. Epub 2022 Oct 17. PMID:
36588824; PMCID: PM(C9802517.

4. Whyte A, Boeddinghaus R. The maxillary sinus: physiology,
development and imaging anatomy. Dentomaxillofac Radiol.
2019 Dec;48(8):20190205. doi: 10.1259/dmfr.20190205. Epub
2019 Aug 13. Erratum in: Dentomaxillofac Radiol. 2019
Dec;48(8):20190205¢c.  doi:  10.1259/dmfr.20190205.c. PMID:
31386556, PMCID: PMC6951102.

5.  Rouientan A, Khodaparast MB, Safi Y. Evaluation of diagnostic
accuracy of cone beam computed tomography and multi-
detector computed tomography for detection of anatomical
variations in rhinoplasty. Head Face Med. 2024 Jan 3;20(1):1.
doi: 10.1186/s13005-023-00401-1. PMID: 38172987, PMCID:
PMC10763271.

6. Rodriguez Betancourt AB, Martinez Somoza L], Romero Mesa
C, Tozum TF, Mouréo CF, Shibli JA, Sudrez L]J. Relationship of
Maxillary Sinus Volume and Nasal Septum Deviation: A Cone
Beam Computed Tomography Study. Diagnostics (Basel). 2024
Mar 19;14(6):647. doi: 10.3390/diagnostics14060647. PMID:
38535067; PMCID: PMC10969206.




10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Volumetric Analysis of Maxillary Sinus Employing CBCT, Enhanced with MIMICS and ITK-SNAP — A Comparative Study.

Ng, S.Y. (2023). Comparison Between Conventional Dental
Radiography and CBCT. In: Cone Beam CT in Dentistry. BD]
Clinician’s Guides. Springer, Cham. https://doi.org/10.1007/978-
3-031-25480-2_7

Lorkiewicz-Muszynska D, Kociemba W, Rewekant A, Sroka
A, Jonczyk-Potoczna K, Patelska-Banaszewska M, Przystanska
A. Development of the maxillary sinus from birth to age 18.
Postnatal growth pattern. Int ] Pediatr Otorhinolaryngol. 2015
Sep;79(9):1393-400. doi: 10.1016/j.ijporl.2015.05.032. Epub 2015
Jun 30. PMID: 26162781.

Morgan N, Meeus ], Shujaat S, Cortellini S, Bornstein MM, Jacobs
R. CBCT for Diagnostics, Treatment Planning and Monitoring
of Sinus Floor Elevation Procedures. Diagnostics (Basel). 2023
May 10;13(10):1684. doi: 10.3390/diagnostics13101684. PMID:
37238169; PMCID: PMC10217207.

Pérez Sayans M, Sudrez Quintanilla JA, Chamorro Petronacci
CM, Suarez Pefaranda JM, Lopez Jornet P, Gémez Garcia
E, Guerrero Sanchez Y. Volumetric study of the maxillary
sinus in patients with sinus pathology. PLoS One. 2020 Jun
18;15(6):€0234915. doi: 10.1371/journal.pone.0234915. PMID:
32555640, PMCID: PMC7302704. Prabhat M, Rai S, Kaur M,
Prabhat K, Bhatnagar P, Panjwani S. Computed tomography
based forensic gender determination by measuring the size and
volume of the maxillary sinuses. ] Forensic Dent Sci. 2016;8:
40-46.

Yeung AWK, Tanaka R, Ho JKC, Li JQ, Jacobs R, Bornstein MM.
Patient-, software-, and observer-related factors associated with
the time required for semi-automated measurements of the
maxillary sinus volume using cone beam computed tomography
(CBCT). Swiss Dent J. 2019 Jul 22;129(7-8):562-570. doi: 10.61872/
sdj-2019-07-08-543. Epub 2019 Jun 6. PMID: 31169008.

Singh GD, Kim HN. Changes in pneumatization of the maxillary
air sinuses in Korean adults following biomimetic oral appliance
therapy. World ] Otorhinolaryngol Head Neck Surg. 2020 Oct
19;7(2):133-138. doi: 10.1016/j.wjorl.2020.07.007. PMID: 33997723;
PMCID: PM(C8103532.

Elsayed SA, Alassaf MS, Elboraecy MO, Mohamado LL,
Huwaykim DA, Albouq AK, Shahada MO. The Impact of
Maxillary Sinus Pneumatization on the Quality of the Alveolar
Bone in Dentated and Edentulous Patients: A Cone-Beam
Computed Tomography Radiographic Analysis. Cureus. 2023
Sep 26;15(9):e46005. doi: 10.7759/cureus.46005. PMID: 37900530;
PMCID: PMC10602014.

Wu X, Cai Q, Huang D, Xiong P, Shi L. Cone-beam computed
tomography-based analysis of maxillary sinus pneumatization
extended into the alveolar process in different age groups. BMC
Oral Health. 2022 Sep 11;22(1):393. doi: 10.1186/s12903-022-
02445-2. PMID: 36089584; PMCID: PM(C9464380.

Kanthem RK, Guttikonda VR, Yeluri S, Kumari G. Sex
determination using maxillary sinus. ] Forensic Dent Sci. 2015
May-Aug;7(2):163-7. doi: 10.4103/0975-1475.154595. PMID:
26005308; PMCID: PMC4430577.

Lessa AMG, Oliveira VS, Costa RBA, Meneses ATR, Crusoé-
Rebello I, Costa FWG, Neves FS. Anatomical study of the
maxillary sinus: which characteristics can influence its volume?
Surg Radiol Anat. 2023 Jan;45(1):81-87. doi: 10.1007/s00276-022-
03055-x. Epub 2022 Dec 7. PMID: 36474022.

mohamed, W., Abdalh, A. Comparison Of Different Imaging
Software For Measuring Volume Of The Maxillary Sinus.
Egyptian Orthodontic Journal, 2023; 63(1): 35-44. doi: 10.21608/
€0s.2023.182689.1063

Degermenci M, Ertekin T, Ulger H, Acer N, Coskun A. The Age-
Related Development of Maxillary Sinus in Children. ] Craniofac
Surg. 2016 Jan;27(1):e38-44. doi: 10.1097/SCS.0000000000002304.
PMID: 26703070.

Kumar M, Shanavas M, Sidappa A, Kiran M. Cone beam
computed tomography - know its secrets. ] Int Oral Health. 2015
Feb;7(2):64-8. PMID: 25859112; PMCID: PMC4377156.

Tyndall DA, Price B, Gaalaas L, Spin-Neto R. Surveying the
landscape of diagnostic imaging in dentistry’s future: Four
emerging technologies with promise. ] Am Dent Assoc. 2024

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

May;155(5):364-378. doi: 10.1016/j.adaj.2024.01.005. Epub 2024
Mar 23. PMID: 38520421.

Aljabri M, AlAmir M, AlGhamdi M, Abdel-Mottaleb M,
Collado-Mesa F. Towards a better understanding of annotation
tools for medical imaging: a survey. Multimed Tools Appl.
2022;81(18):25877-25911. doi: 10.1007/s11042-022-12100-1. Epub
2022 Mar 25. PMID: 35350630; PMCID: PM(C8948453.
Yushkevich, P. A., Pashchinskiy, A, Oguz, I, Mohan, S,
Schmitt, J. E., Stein, J. M., Zuki¢, D., Vicory, J.,, McCormick,
M., Yushkevich, N., Schwartz, N., Gao, Y., & Gerig, G. (2019).
User-Guided Segmentation of Multi-modality Medical Imaging
Datasets with ITK-SNAP. Neuroinformatics, 17(1), 83-102.
https://doi.org/10.1007/s12021-018-9385-x

Elkersh, N. M., Abdelrahman, H. H., & Hassan, M. G. (2024).
Evaluating free segmentation tools for CBCT-derived models:
Cost-effective solutions. Orthodontics & craniofacial research,
10.1111/0cr.12799. Advance online publication. https://doi.
org/10.1111/0cr.12799

Mandolini, M., Brunzini, A., Facco, G., Mazzoli, A., Forcellese,
A., & Gigante, A. (2022). Comparison of Three 3D Segmentation
Software Tools for Hip Surgical Planning. Sensors (Basel,
Switzerland), 22(14), 5242. https://doi.org/10.3390/s22145242
Camarini, C., Teixeira, L. C. L., Takeshita, W. M., Tolentino, E.
S., & Silva, M. C. (2023). Comparison of different methods of
analysis of maxillary sinus volume and validation of a new
proposal using cone beam computed tomography. Journal
of forensic and legal medicine, 100, 102611. https://doi.
0rg/10.1016/j.jflm.2023.102611

Gulec M, Tassoker M, Magat G, Lale B, Ozcan S, Orhan K. Three-
dimensional volumetric analysis of the maxillary sinus: a cone-
beam computed tomography study. Folia Morphol (Warsz).
2020;79(3):557-562. doi: 10.5603/FM.a2019.0106. Epub 2019 Sep
30. PMID: 31565786.

Caamafio Martinez, Domingo & Gonzélez, Padrén & Silva,
Martinez & Quintanilla, Suérez. (2023). Calculation Of The Total
Volume Of The Maxillary Sinuses Using CBCT Images And ITK-
SNAP Software. IOSR Journal of Dental and Medical Sciences.
22.14-20.

Lo Giudice A, Quinzi V, Ronsivalle V, Farronato M, Nicotra
C, Indelicato F, Isola G. Evaluation of Imaging Software
Accuracy for 3-Dimensional Analysis of the Mandibular
Condyle. A Comparative Study Using a Surface-to-Surface
Matching Technique. Int ] Environ Res Public Health. 2020 Jul
3;17(13):4789. doi: 10.3390/ijerph17134789. PMID: 32635238;
PMCID: PMC7370104.

Yushkevich, P.A., Pashchinskiy, A., Oguz, I. et al. User-Guided
Segmentation of Multi-modality Medical Imaging Datasets with
ITK-SNAP. Neuroinform 17, 83-102 (2019).

Mandolini M, Brunzini A, Facco G, Mazzoli A, Forcellese A,
Gigante A. Comparison of Three 3D Segmentation Software
Tools for Hip Surgical Planning. Sensors (Basel). 2022 Jul
13;22(14):5242.

Aktuna Belgin C, Colak M, Adiguzel O, Akkus Z, Orhan K. Three-
dimensional evaluation of maxillary sinus volume in different
age and sex groups using CBCT. Eur Arch Otorhinolaryngol.
2019 May;276(5):1493-1499. doi: 10.1007/s00405-019-05383-y.
Epub 2019 Mar 16. PMID: 30879193.

Andersen TN, Darvann TA, Murakami S, Larsen P, Senda Y,
Bilde A, Buchwald CV, Kreiborg S. Accuracy and precision of
manual segmentation of the maxillary sinus in MR images-a
method study. Br J Radiol. 2018 May;91(1085):20170663. doi:
10.1259/bjr.20170663. Epub 2018 Mar 20. PMID: 29419324;
PMCID: PMC6190787.

Sheikhi M, Haghighat A, Lourizadeh N, Tavangar H, Aryaee P.
Evaluation of the effect of direct sinus lift surgery on maxillary
sinus volume by Mimics software. Natl ] Maxillofac Surg. 2023
May-Aug;14(2):198-207. doi: 10.4103/njms.njms_155_22. Epub
2023 Jul 13. PMID: 37661980; PMCID: PMC10474529.

Uchida Y, Goto M, Katsuki T, Soejima Y. Measurement of
maxillary sinus volume using computerized tomographic
images. Int ] Oral Maxillofac Implants. 1998;13:811-8.

Oral and Maxillofacial Pathology Journal, Volume 16 Issue 1 January—June 2025 39



