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ABSTRACT

Background: The maxillary sinus presents as an important anatomical structure and understanding its radiographic anatomy is
crucial for surgical procedures such as dental implant placement and extractions. Measuring the linear and volumetric dimensions of
the maxillary sinus is essential for accurate treatment planning and a favorable outcome. Forensic odontology requires population-
specific data for victim identification. There is therefore some need to develop a multicentric, multiethnic data registry. Purpose: The
present study evaluates and compares the dimensions of maxillary sinuses and their relationship with individual height in the Saudi
Arabian population, using cone-beam computed tomography (CBCT). Methods: The study subjected CBCT scans of 30 individuals to
linear and volumetric analysis. The measurements were taken by two observers and mean dimensions were used for the analysis. Linear
and volumetric dimensions were measured for the total sample and male (n=11) and female (n=19) categories. Results: Differences
between linear and volumetric dimensions were statistically nonsignificant for males, females, and the overall sample. Correlations
between left- and right-sinus dimensions were significant within females and the overall group. There was weak association between
individual height and maxillary sinus dimensions. Conclusion: There is no significant variation between right and left maxillary sinus
dimensions among the Saudi Arabian population. A negative correlation was observed between overall height and left maxillary sinus
volume in both genders, and with right sinus volume in females only.
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INTRODUCTION

The maxillary sinuses, located above the maxillary
posterior teeth, are an important anatomical structure in
the field of dentistry due to their proximity to the dental
tissue. Maxillary sinuses play an important role in dental
management and implant surgery in the maxillary arch.
Pneumatization of the sinus influences implant placement
in the first molar region."> Furthermore, pathological sinus
conditions such as chronic sinusitis, antroliths, and cysts
can mimic dental problems and need to be included in
differential diagnosis. Thus, the inclusion of the maxillary
sinus for evaluation in routine radiographic imaging is an
integral part of dental diagnosis and treatment planning.

Cone-beam computed tomography (CBCT) is the best
option among common imaging modalities, as it allows
for three-dimensional visualization of the structure, either
entirely or partially, without the superimposition of other
structures as seen in two-dimensional imaging.?

Various methods have been used in the literature to
measure maxillary sinus volume, including cadavers,
stereology, conventional two-dimensional radiography,
computed tomography, and magnetic resonance imaging.
Presurgical assessment of CBCT images has become a vital
tool for diagnosis and surgical planning and preparation,
including maxillary sinus floor elevation.

Variation in sinus volumes has been observed in
different populations, which may affect implant planning
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and outcomes.” The nasal cavity’s capacity to augment its
form, mainly in cases of inferior breadth, is most likely due
to the adjacent maxillary sinuses serving as accommodation
zones. However, much remains to be explained about
how nose and sinus morphology interact with one another
and with overall craniofacial shape, particularly in varied
populations with varying respiratory needs.* A study
conducted in Malaysia concluded that maxillary sinus
dimensions are characteristic of the Malaysian population
and can be used to distinguish between Malaysian and
other populations.’ A study conducted on an Indonesian
population concluded that maxillary sinus dimensions are
greater in males than in females and can be used for disaster
victim identification.® Sinus dimensions hold the key to
success in maxillary implant placement. The extent of the
procedure and the cost associated with it depend solely on
the dimensions of the maxillary sinus. Current forensic
odontology requires the development of data related to
dimensions of the facial skeleton and its structures with
specificity to a population group. The literature shows a
correlation between the depth of the maxillary sinus and
femur head diameter, establishing a positive relationship
between individual height and sinus pneumatization.” Based
on this background, the present study was designed to
evaluate and compare the dimensions of maxillary sinuses
through CBCT, and their relationship with the height of
individuals in a Saudi Arabian population.

MATERIALS AND METHODS

The study was conducted after obtaining institutional ethical
approval from Batterjee Medical College, Jeddah (Approval
no. RES-2023-0004). The data used retrospectively
scanned CBCT data pertaining to individuals enrolled for
orthodontic treatment. We extracted 44 (equal males and
females) scans from the college’s CBCT machine (Durr
Dental, Vista Vox-3D w/Ceph, Germany, with field-of-
view size 108.5 mm), according to a sample-size calculation
based on the prevalence of maxillary sinus pathology
secondary to odontogenic infections in the Saudi Arabian
population. Since the data suggest a prevalence in the range
of 15 to 20%.® the sample size was calculated using the
following formula for known population proportion (p),’
at a 95-per-cent confidence interval with margin of error
(d) at = 15%:
_z’p(1-p)
d?
(1.96)20.2(1 — 0.2)
"= 0.152
n=27.31

where n = sample size; z = z score (1.96); p = population
proportion (0.069); and d = margin of error (0.15). The
formula provided a minimum sample size of 27 patients
to be included in the study.

Clinical case records of the selected 44 individuals
were reviewed as per the inclusion and exclusion criteria.

Individuals with systemic diseases, smoking habits, oral
breathing, extracted maxillary posterior teeth, or height
less than 153 cm (5 feet) were excluded from the study.
Out of 22 male case records, 8 individuals were smokers
and 3 had a history of asthma. Meanwhile, the height of 3
female participants was less than 153 cm. These were all
excluded from the study. Thus, the study group comprised
30 members with 11 males and 19 females. Age criteria
included only persons aged 21-30 years. The age range
of selected candidates was between 24 and 28 years and
the range of height was between 158.4 and 176.7 cm. The
height of the participants was extracted from the clinical
data registry of the Orthodontic Division, Batterjee
Medical College, Jeddah, Saudi Arabia. Finally, the two
investigators recorded the linear dimensions of both the
sinuses from selected scans. The mean dimensions were
calculated and used for statistical analysis.

The depth (anteroposterior), height (craniocaudal), and
width (mediolateral) of sinuses were recorded using the
following method.'” The anteroposterior dimension was
measured on the sagittal image and was defined as the
longest distance from the most anterior point to the most
posterior point. The height was measured on the coronal
image and was defined as the longest distance from the
lowest point of the sinus floor to the highest point of the
sinus roof. The width was measured on the coronal image
and was defined as the longest distance perpendicular from
the medial wall of the maxillary sinus to the outermost point
of the lateral wall (Figure 1). Volumes of both maxillary
sinuses were calculated using the following formula'?:
(height) x (width) x (depth) x (0.52), wherein the maximum
dimensions were used.

The obtained data were tabulated, aggregated, and
arranged in an Excel sheet. Student’s t-test and Pearson’s
r, Spearman’s rho, and analysis of variance (ANOVA) tests
were conducted using IBM SPSS Statistics software for
Windows (version 27.0.1; IBM Inc. NY, USA). Pearson
correlation was used to detect the relationship between right
and left maxillary sinus volumes, and Spearman correlation
was used to measure monotonicity in sinus volume.
Student’s t-test was used to compare the linear dimensions
of right and left maxillary sinuses. ANOVA was applied
to determine significance for volumetric dimensions for
the male, female and total groups. A p-value of <0.05 was
regarded as indicating statistical significance.

RESULTS

Differences between participants were statistically
insignificant. The overall height of males was higher
than that of females but the difference was statistically
insignificant (Table 1). Comparison of linear and volumetric
measurements of both the sinuses among males and females
and the overall group showed no statistical significance
(Tables 2 and 3). Correlations of linear volumes of left and
right sinuses were statistically significant among females
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Figure 1. Sagittal and coronal section obtained through CBCT for linear measurements of maxillary sinus.

Table 1. Demographics of the study sample

Variables Number Height in cm
Males 11 168.32
Females 19 164.54
p-value 0.69
Inference Insignificant
Table 2. Comparison of linear dimensions of right and left maxillary sinuses
Variables Males Females Total
Right sinus 27.28+2.81 25.12+4.38 25.91+3.97
Height Left sinus 28.05+£2.91 25.11+3.78 26.19+3.72
p-value* 0.26 0.49 0.39
Right sinus 21.34+2.3 22.25+2.49 21.92+2.42
Width Left sinus 21.13+2.44 22.24+2.13 21.83+£2.27
p-value* 0.41 0.49 0.44
Right sinus 29.04+3.1 29.38+2.68 29.26+2.8
Depth Left sinus 30.09+3.57 29.86+2.84 29.94+3.07
p-value* 0.23 0.29 0.18
*All p-values are insignificant
Table 3. Comparison of volumetric dimensions of right and left maxillary sinuses
Variables Number Right sinus volume Left sinus volume t-value p-value Inference
Males 11 8,882.94 —0.5344 0.29
Females 19 8,689.85 —0.1242 0.45 Insignificant
Total 30 8,760.65 —0.4179 0.33
Table 4. Correlation in volumetric dimensions of right and left sinuses
Variables Number Right-sinus volume Left-sinus volume Pearson’s r p-value Inference
Males 11 8,882.94 9,407.59 0.5693 0.067 Insignificant
Females 19 8,689.85 8,788.13 0.798 0.00004 Significant
Total 30 8,760.65 9,015.26 0.7155 0.00001 Significant
Table 5.  Correlation of individual height with volume of maxillary sinus
Variables Males Females
Right sinus 8.88 8.68
Individual height 168.32 164.54
Spearman’s tho 0.16 —-0.208
p-value 0.62 0.3
Left sinus 9.41 8.78
Individual height 168.32 164.54
Spearman’s rho —-0.03 —-0.09
p-value 0.92 0.6
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and the entire study population, whereas males exhibited
nonsignificant correlation (Table 4). A negative correlation
of overall height with the volume of left maxillary sinuses
was observed among females and males, and with the
volume of right maxillary sinuses among females only.
Among males, the right sinus showed a positive correlation
with height. In both cases, the correlation was weak as the
values were near zero (Table 5). The maxillary sinuses
evaluated in the study group were also examined for the
presence of anatomical variations, sinus pathology, and
septa. However, none of the CBCT images showed positive
findings.

DISCUSSION

The maxillary sinuses are located in close proximity to
the maxillary premolars and molars, and their pathologies
should be included in diagnosis of dental problems in this
region. The anteroposterior extent of sinuses encompasses
the roots of maxillary cuspids anteriorly and up to the apices
of the third molars/the maxillary tuberosity posteriorly.
Therefore, it is important to evaluate maxillary sinuses
during dental procedures such as extractions and dental
implant placement. It is imperative to understand the
importance of maxillary sinus dimensions for accurate
planning of implant placement, avoiding inadvertent antral
perforation and implant failure.!"-1

Retrospective data collection allowed for fast analysis
and prevented unwanted radiation exposure. Both the
sinuses were examined and linear measurements were
recorded for statistical analysis. The volume of the sinus
was measured using the appropriate formula for obtaining
the volume of a pyramid. We selected the third-decade
group as the growth and development of the sinus are
completed by the second decade, and with age the sinus
dimensions decreased.'*!*

The present study did not show statistically significant
linear dimensions of right and left sinuses among the
male, female, or overall groups (n=30). Previous studies
conducted on the Turkish population did not find
significant variation in the size of the sinus in either linear
or volumetric analysis.'> A similar study in the Sri Lankan
population found no significant differences in linear
dimensions. Nonetheless, the study concluded that using
CBCT provided valuable knowledge of the anatomical
dimensions of the maxillary sinus, which helped clinicians
in treatment planning.'® Kamburoglu et al.!” found no
significant difference in linear dimensions, although the
primary objective of their study was to evaluate changes
in dimensions of periapical lesions and sinus mucosa
thickness in maxillary sinuses before and after endodontic
treatment.

Numerous CBCT-based studies have evaluated
maxillary sinuses for parameters such as the presence of
septa, periapical pathologies, dental implants, and antral
pneumatization. One such study was conducted in the

population of Al-Qassim, Saudi Arabia, and recommended
the use of CBCT for understanding the relationship between
posterior maxillary teeth and the maxillary sinus before
diagnosis and treatment planning. This can help to exclude
periapical pathologies and aid the selection of appropriate
bone graft and sinus lift procedures.'® Another study
evaluated sinus septa in a Saudi subpopulation, reporting
septa in 40% of the population.'® The present study did not
find any anatomical variations, sinus pathology or septa in
the maxillary sinuses. Nonetheless, evaluation of septa in
the maxillary sinus is critical to avoid complications during
the sinus augmentation procedure.’

The present study features a small, population-specific
sample size; nonetheless, it provides insight into the
importance of assessing sinus anatomy and dimensions
before planning certain dental procedures in the posterior
maxilla. Furthermore, the significant correlation between
volumes of maxillary sinuses among the female group
and the total sample suggests that these parameters can
be applied to gender determination in forensic sciences.
Christoloukas et al.?! reviewed the relationship between
maxillary sinus measurements and anatomic variability by
gender and suggested that these parameters can render a
complementary method for human identification.

The present study set out to determine whether there
is any relationship between overall individual height and
the volume of the maxillary sinus. Although the scientific
literature lacks studies in this area, previous anthropometric
studies have suggested the relevance of ethnic data on
craniometric indices such as facial and orbital index. As
overall height is related to facial height and growth pattern,
it is imperative to also establish its relation to maxillary
sinus dimensions. As the maxillary sinus is the largest
hollow in the facial skeleton, its ethnic and population-
specific dimensions are of utmost importance in craniofacial
syndromology.?? The correlation between human height and
sinus volume was found to be negatively insignificant. One
previous study established a significant relationship between
craniofacial height and maxillary sinus dimensions.>* Based
on this background, the present study set out to establish
whether there is any relationship between individual height
and sinus dimensions. However, the correlation was weak
and did not confirm an association. The data are nonetheless
relevant, showing that sinus dimensions can help to
approximate the height of an individual, which is potentially
useful in victim identification, especially in situations where
only the skull is available as forensic evidence.

Previous studies comparing maxillary sinus dimensions
among oral and nasal breathers suggest that the volume of
the maxillary sinus is significantly greater in nasal breathers
than in oral breathers.?*?* The present study included only
nasal breathers, which means that the data set presented can
be used for baseline estimation of volumetric differences
between nasal and oral breathers.

The current study presents several limitations that
impact its generalizability. It exclusively focuses on a
specific age group within the dentate population, restricting
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the applicability of its findings to other age demographics.
Additionally, the study is limited to nasal breathers without
any consideration of lifestyle habits. Habits such as smoking
(cigarettes, pipes, or hookah) are known to significantly
influence maxillary sinus morphology. Consequently,
future research should investigate the role of these lifestyle
factors to provide a more comprehensive understanding of
their effects on sinus anatomy.

The present study included 30 participants and
evaluated the linear and volumetric dimensions of 60
maxillary sinuses. There was no significant variation in
either dimension, but a positive correlation was elicited in
the female subgroup between left and right sinuses. Further
research should be conducted with a larger sample size and
inclusion of parameters such as the effect of dental pathoses
on sinuses, pre- and post-implant volumetric changes, and
post-extraction sinus pneumatization. The authors wish to
suggest a multicentric, multi-population prospective study
to evaluate and compare maxillary sinus dimensions in
various populations. This would promote the collection of
ethnic data for forensic purposes, as well as region-specific
implant development.

ACKNOWLEDGEMENT

The authors would like to thank the research unit, Batterjee
Medical College, Jeddah, Saudi Arabia for their critical
review and support.

REFERENCES

1. 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 Oto-Rhino-Laryngology.
2019; 276(5): 1493-9.

2. Tavelli L, Borgonovo AE, Re D, Maiorana C. Sinus presurgical
evaluation: a literature review and a new classification proposal.
Minerva Dent Oral Sci. 2017; 66(3): 115-31.

3. Yeung AWK, Hung KF, Li DTS, Leung YY. The use of CBCT
in evaluating the health and pathology of the maxillary sinus.
Diagnostics. 2022; 12(11): 2819.

4. Butaric LN. Differential scaling patterns in maxillary sinus volume
and nasal cavity breadth among modern humans. Anat Rec. 2015;
298(10): 1710-21.

5. Attalla SM, Ads HO, Oo T, Abdalgader MA, Ramanathan PA,
Zaman KNBK. Gender and race determination of the maxillary
sinus among Malaysian population by computed tomography. Int J
Med Toxicol Leg Med. 2020; 23(1and2): 5-9.

6. Aulianisa R, Widyaningrum R, Suryani IR, Shantiningsih RR,
Mudjosemedi M. Comparison of maxillary sinus on radiograph
among males and females. Dent J. 2021; 54(4): 200—4.

7. Koppe T, Nakatsukasa M, Yamanaka A. Implication of craniofacial
morphology for the pneumatization pattern of the human alveolar
process*. Acta Medica Litu. 2005; 12(1): 40-6.

8. Altwaijri A, Kolarkdoi SH, Alotaibi KZ, Alotaiby F, Almutairi
FJ. Retrospective CBCT analysis of maxillary sinus pathology

20.

21.

22.

23.

24.

25.

329

prevalence in the Saudi Arabian population. Saudi Dent J. 2024;
36(6): 868-72.

Le CT. Introductory biostatistics. New Jersey: John Wiley & Sons;
2003. p. 492.

. Sharma SK, Jehan M, Kumar A. Measurements of maxillary sinus

volume and dimensions by computed tomography scan for gender
determination. J Anat Soc India. 2014; 63(1): 36—-42.

. Scarano A, Cappucci C, Rapone B, Bugea C, Lorusso F, Serra P, Di

Carmine MS. Volumetric evaluations of the maxillary sinus before
and post regenerative surgery. Eur Rev Med Pharmacol Sci. 2023;
27(3 Suppl): 128-34.

. Morgan N, Meeus J, Shujaat S, Cortellini S, Bornstein MM, Jacobs

R. CBCT for diagnostics, treatment planning and monitoring
of sinus floor elevation procedures. Diagnostics. 2023; 13(10):
1684.

. Velasco-Torres M, Padial-Molina M, Avila-Ortiz G, Garcia-Delgado

R, O’Valle F, Catena A, Galindo-Moreno P. Maxillary sinus
dimensions decrease as age and tooth loss increase. Implant Dent.
2017; 26(2): 288-95.

. Cohen O, Warman M, Fried M, Shoffel-Havakuk H, Adi M, Halperin

D, Lahav Y. Volumetric analysis of the maxillary, sphenoid and
frontal sinuses: A comparative computerized tomography based
study. Auris Nasus Larynx. 2018; 45(1): 96-102.

. 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):
557-62.

. Hettiarachchi PVKS, Gunathilake PMPC, Jayasinghe RM, Fonseka

MC, Bandara RMWR, Nanayakkara CD, Jayasinghe RD. Linear
and volumetric analysis of maxillary sinus pneumatization in a Sri
Lankan population using cone beam computer tomography. Zhang
XL, editor. Biomed Res Int. 2021; 2021(1): 6659085.

Kamburoglu K, Yilmaz F, Gulsahi K, Gulen O, Gulsahi A. Change
in periapical lesion and adjacent mucosal thickening dimensions one
year after endodontic treatment: Volumetric cone-beam computed
tomography assessment. J Endod. 2017; 43(2): 218-24.

. Shaul Hameed K, Abd Elaleem E, Alasmari D. Radiographic

evaluation of the anatomical relationship of maxillary sinus floor
with maxillary posterior teeth apices in the population of Al-Qassim,
Saudi Arabia, using cone beam computed tomography. Saudi Dent
J.2021; 33(7): 769-74.

. Alassaf MS, Alolayan A, Almuzaini E, Masoudi AA, Alturki K,

Alsaeedi AK, Sedqi BM, Elsayed SA. Prevalence and characteristics
of the maxillary sinus septa in a Saudi Arabian sub-population: A
retrospective cone beam computed tomography (CBCT)-based study.
Cureus. 2023; 15(10): e47605.

Toprak ME, Ata¢c MS. Maxillary sinus septa and anatomical
correlation with the dentition type of sinus region: a cone beam
computed tomographic study. Br J Oral Maxillofac Surg. 2021;
59(4): 419-24.

Christoloukas N, Mitsea A, Rontogianni A, Angelopoulos C. Gender
determination based on cbct maxillary sinus analysis: A systematic
review. Diagnostics. 2023; 13(23): 3536.

Novita M. Facial, upper facial, and orbital index in Batak, Klaten,
and Flores students of Jember University. Dent J (Majalah Kedokt
Gigi). 2006; 39(3): 116.

Abate A, Cavagnetto D, Lanteri V, Maspero C. Three-dimensional
evaluation of the maxillary sinus in patients with different skeletal
classes and cranio-maxillary relationships assessed with cone beam
computed tomography. Sci Rep. 2023; 13(1): 2098.

Agacayak KS, Gulsun B, Koparal M, Atalay Y, Aksoy O, Adiguzel
O. Alterations in maxillary sinus volume among oral and nasal
breathers. Med Sci Monit. 2015; 21: 18-26.

Tikku T, Khanna R, Sachan K, Srivastava K, Munjal N. Dimensional
changes in maxillary sinus of mouth breathers. J Oral Biol
Craniofacial Res. 2013; 3(1): 9-14.

Copyright © 2025 Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 158/E/KPT/2021.
Open access under CC-BY-SA license. Available at https://e-journal.unair.ac.id/MKG/index

DOI: 10.20473/j.djmkg.v58.i4.p325-329


https://e-journal.unair.ac.id/MKG/index
https://doi.org/10.20473/j.djmkg.v58.i4.p325-329

