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ABSTRACT: The maxillary sinus is the largest of
the paranasal sinuses and is anatomically associated
with the maxillary premolar and molar teeth. This
structure has been extensively investigated using
various imaging modalities for both dental
procedures and the evaluation of pathological
conditions. The aim of this study was to evaluate the
literature on maxillary sinus imaging in dentistry
using bibliometric analysis. The data were retrieved
from the Web of Science Core Collection database
and included English-language articles and reviews
published between 1980 and 2025. Bibliometric
analyses were performed using the Bibliometrix
package (version 5.3.0) through R (version 4.6.0),
RStudio, and Biblioshiny, including annual
scientific  production, keyword co-occurrence
analysis, thematic map analysis, and thematic
evolution analysis. Scientific production increased
markedly after 2007 and reached its highest level in
2025. The literature was found to be primarily
focused on dental implants, sinus floor elevation,
bone augmentation, and cone-beam computed
tomography. Future studies should include
publications from different databases and in
multiple  languages to provide a  more
comprehensive evaluation of the field.
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I. INTRODUCTION

The maxillary sinus is the largest of the
paranasal sinuses. It is a pyramidal air-filled cavity
located within the maxilla and is lined internally by
the Schneiderian membrane. Owing to its
anatomical location, the maxillary sinus is closely
related to the roots of the maxillary premolar and
molar teeth. Its primary functions include reducing
the weight of the skull, contributing to voice
resonance, and warming and humidifying inspired
air. Pathologies involving the maxillary sinus are of
particular interest in both otorhinolaryngology and
dentistry. In dentistry, the maxillary sinus is
associated with a wide range of clinical conditions,
including odontogenic sinus diseases, disruption of

sinus integrity during surgical procedures such as
tooth extraction, foreign body displacement into the
sinus during implant placement or tooth extraction,
as well as infectious diseases, cystic lesions,
fractures, and benign and malignant tumors.
Furthermore, the increasing use of dental implants
has been accompanied by a rise in the incidence of
maxillary  sinus-related  complications  [1-6].
Therefore, radiographic evaluation of the maxillary
sinus is of considerable importance.

In recent years, parallel to technological
advancements, maxillary sinus imaging modalities
have  undergone substantial development.
Conventional imaging techniques, including
periapical and panoramic radiography, remain the
first-line imaging modalities because of their low
cost. However, these techniques have several
limitations, such as superimposition, magnification,
and distortion. In addition, they do not allow three-
dimensional evaluation. To overcome these
limitations, cone-beam computed tomography
(CBCT), computed tomography (CT), and magnetic
resonance imaging (MRI) have been introduced.
Among these modalities, CBCT is widely used in
dentistry for the evaluation of hard tissues
associated with the maxillary sinus because it
provides relatively lower radiation exposure, lower
cost, and higher spatial resolution than CT. In
contrast, MRI is primarily used for the assessment
of the soft tissues of the maxillary sinus [7-11].
Although numerous studies have investigated
maxillary sinus imaging, knowledge regarding the
conceptual structure and research trends of this field
remains limited. Furthermore, evaluating the
research themes and the evolution of the field over
time has become increasingly challenging [12].
Therefore, it is necessary to examine the scientific
production, research trends, prominent research
themes, and conceptual structure of this field.
Bibliometric analysis provides an effective approach
for addressing these challenges. Through annual
scientific  production, keyword co-occurrence
analysis, thematic map analysis, and thematic
evolution analysis, bibliometric analysis enables the
quantitative evaluation of the current status, research
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trends, and temporal evolution of a given research
field [13, 14].

The aim of this study was to examine the
literature on maxillary sinus imaging in dentistry

using bibliometric methods and to provide an
overview of the current status and temporal
development of this research field.

II. MATERIALS AND METHODS

This study was designed as a bibliometric
analysis of the literature on maxillary sinus imaging.
Owing to the nature of the study, no human or
animal subjects were involved. Therefore, ethical
approval was not required.

The data for the present study were
retrieved from the Web of Science Core Collection
(WoSCC) database using the advanced search
function with the following search query: ((
"maxillary sinus" OR "maxillary sinuses" OR
"antrum of  Highmore" OR  "Schneiderian
membrane" ) AND ( dent OR oral OR maxillofacial
OR orthodont OR endodont* OR periodont* OR
prosthodont® OR implant* ) AND ( radiolog® OR
radiograph* OR imaging OR "diagnostic imaging"
OR "dental imaging" OR "oral radiology" OR
"maxillofacial radiology" OR CBCT OR "cone
beam computed tomography" OR CT OR
"computed tomography" OR MDCT OR MSCT OR
"multidetector ~ computed  tomography"  OR
"multislice computed tomography" OR MRI OR
"magnetic resonance imaging" OR ultrasonograph*
OR ultrasound OR sonograph* OR "panoramic
radiography" OR panoramic OR
orthopantomograph* OR OPG OR '"periapical
radiography" )). Articles and reviews published
between 1980 and 2025 were included in the

III. RESULTS

A total of 2,294 publications published
between 1980 and 2025 constituted the final dataset
of this study. According to the "annual scientific
production", the annual scientific output remained
relatively low until 2007 but showed a marked
increase in the following years despite occasional
fluctuations. The highest scientific production was
recorded in 2025 (Figure 1).

analysis. Publications in languages other than
English, conference proceedings, editorial letters,
and studies unrelated to maxillary sinus imaging
were excluded.

Bibliometric analysis was performed using
the Bibliometrix package (version 5.3.0) through R
(version 4.6.0), RStudio, and Biblioshiny. To
analyze the research trends and conceptual structure
of the field, "annual scientific production",
"keyword co-occurrence analysis", "thematic map
analysis", and "thematic evolution analysis" were
performed.

For the "keyword co-occurrence analysis",
author keywords were used. The conceptual
structure of the literature was examined using a
network-based clustering approach. In the network,
different colors represent different thematic clusters,
node size indicates the frequency of keyword
occurrence, and line thickness represents the
strength of co-occurrence. In the "thematic map
analysis", thematic groups were classified as basic
themes, motor themes, niche themes, and
emerging/declining themes. To evaluate the
temporal evolution of research themes in the field,
"thematic evolution analysis" was performed using a
single time-slice.

Year

Figure 1. Annual Scientific Production on Maxillary
Sinus Imaging in Dentistry.

According to the "keyword co-occurrence
analysis", the term "dental implant" occupied the
central position in the network, exhibiting the
largest node size and the strongest connections. Four
distinct thematic clusters were identified within the
network. The red cluster included the terms "dental
implant",  "cbct", "sinus floor elevation",
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"Schneiderian membrane", "bone grafting", "bone
graft", "maxillary sinus augmentation", "sinus lift",
"bone", "dental", "maxilla", "radiography", and
"tomography". The green cluster comprised the
terms "augmentation", "sinus floor", "elevation",
"bone substitutes”, and "bone regeneration",
whereas the blue cluster contained the terms "sinus",
"maxillary", and "sinus augmentation". Finally, the
purple cluster consisted of the terms "computed
tomography", "sinusitis", and "maxillary sinusitis"
(Figure 2).
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Figure 2. Keywords co-occurrence network of
maxillary sinus imaging research..

According to the "thematic map analysis",
the motor themes included the terms "elevation",
"autogenous bone", and "floor augmentation". The
basic themes comprised "dental implant",
"augmentation”, and "bone", whereas the niche
themes included "cbet", ‘"prevalence", and
"complications". The emerging/declining themes
consisted of the terms "maxilla", "posterior", and
"mucosa" (Figure 3).
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Figure 3. Thematic map of maxillary sinus imaging
research.

According to the "thematic evolution
analysis", the themes "tomography",
"temporomandibular  joint", "maxillary sinus

augmentation”, "maxillary", "titanium implants",
"bone", and "alveolar bone" were predominant
during the period from 1980 to 2005. In contrast, the
themes "cbet", "floor elevation", and "maxilla"
became predominant during the period from 2005 to
2025. The theme '"dental implant" remained
prominent throughout both periods (Figure 4).
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Figure 4. Thematic evolution of maxillary sinus
imaging research.

IV. DISCUSSION

The maxillary sinus is of considerable
importance in dentistry. Owing to its anatomical
location, it is closely associated with the maxillary
premolar and molar teeth. Maxillary sinus
pneumatization and alveolar ridge resorption may
reduce the amount of available bone surrounding the
maxillary sinus. Therefore, preserving the structural
integrity of the maxillary sinus is essential during
procedures such as dental implant placement and
tooth extraction. In addition, because of its
anatomical proximity to the dentition, the maxillary
sinus may be affected by odontogenic pathologies,
including infections. Likewise, certain pathologies
originating from the maxillary sinus may present
with dental-related symptoms [4, 15, 16]. Therefore,
imaging of the maxillary sinus is of considerable
importance. Maxillary sinus imaging enables the
diagnosis of pathological conditions, facilitates
preoperative planning by allowing the evaluation of
the morphological characteristics of the region, and
allows the assessment of treatment outcomes
following surgical procedures. Although various
imaging modalities are available for evaluating the
maxillary sinus, cone-beam computed tomography
is one of the most widely used modalities in
dentistry because it enables three-dimensional cross-
sectional assessment while providing relatively low
radiation exposure and lower cost [17-19]. Although
numerous studies have been conducted on maxillary
sinus imaging, knowledge regarding the conceptual
structure of this research field remains limited.
Consequently, evaluating the current status and
research trends of the field has become increasingly
challenging. Bibliometric analysis addresses these
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challenges by enabling the evaluation of scientific
production, the conceptual structure of the research
field, and research trends [13, 14]. Therefore, the
present study was designed as a bibliometric
analysis of the literature on maxillary sinus imaging.

According to the "annual scientific
production", the annual scientific output increased
markedly after 2007 and reached its highest level in
2025. This finding indicates that the topic remains
current in the literature and continues to attract
substantial academic interest. The increase in
scientific production may be attributed to the
widespread clinical adoption of three-dimensional
imaging modalities and their integration into digital
workflows as a result of technological
advancements. Another possible explanation is the
growing use of dental implants and the increasing
frequency of sinus lift procedures associated with
implant therapy, which have intensified academic
interest in the evaluation of the maxillary sinus [4,
20-25]. In addition, another possible explanation for
the increase in scientific production is the growing
number of academic journals, which has provided
researchers with more opportunities to publish their
work [26].

According to the "keyword co-occurrence
analysis", the term "dental implant" exhibited the
largest node size and the strongest connections
within the network. This finding suggests that
research in this field has been predominantly
centered on dental implant applications.
Furthermore, the presence of the terms "sinus floor
elevation", "Schneiderian membrane", "bone
grafting”", and "maxillary sinus augmentation”
within the network further supports this observation.
The prominent representation of dental implant—
related approaches in the network may be attributed
to the necessity for detailed evaluation of the
maxillary sinus floor, the Schneiderian membrane,
and the available bone volume associated with the
maxillary sinus during implant placement in the
posterior maxilla [27-29]. The presence of the terms
"CBCT" and "computed tomography" within the
same network indicates that both cone-beam
computed tomography and computed tomography
are commonly used imaging modalities for the
evaluation of the maxillary sinus. However,
considering the larger node size of the term
"CBCT", cone-beam computed tomography appears
to be the more prominent imaging modality for
maxillary sinus assessment in dentistry. This may be
attributed to its advantages over computed
tomography in hard tissue evaluation, including
lower radiation exposure, lower cost, shorter
acquisition time, and higher spatial resolution,
making it the preferred imaging modality among

dental practitioners [30-33]. The presence of the
terms "augmentation", "bone substitutes", and "bone
regeneration" within the network suggests that
research has also focused on surgical procedures
related to bone regeneration and bone graft materials
[34-36]. Furthermore, the presence of the terms
"sinusitis" and "maxillary sinusitis" within the
network associated with maxillary sinus imaging
suggests that inflammatory diseases of the maxillary
sinus constitute an important research topic in the
literature [37].

According to the "thematic map analysis",
the inclusion of the terms "dental implant" and
"augmentation" within the basic themes indicates
that research in this field has primarily focused on
implant therapy and related bone augmentation
procedures. It also suggests that studies on dental
implant applications occupy a central position in the
literature on maxillary sinus imaging in dentistry
[38]. The presence of the terms "elevation",
"autogenous bone", and "floor augmentation" within
the motor themes indicates that maxillary sinus
elevation procedures and autogenous bone grafting
are well-developed and extensively investigated
research topics. This may be attributed to the use of
imaging modalities for the evaluation of bone
morphology, bone volume, and surgical outcomes
associated with maxillary sinus elevation and bone
grafting procedures [22, 39]. The inclusion of the
terms "cbct", "prevalence", and "complications"
within the niche themes suggests that the use of
cone-beam computed tomography for prevalence
studies and the evaluation of complications related
to the maxillary sinus represents a specialized
research area within the field [40, 41].

According to the "thematic evolution
analysis", the research themes in this field have
evolved over time. The prominence of the theme
"tomography" during the first period and the
emergence of the theme "cbct" during the second
period indicate that the primary imaging modality in
maxillary sinus imaging research has shifted from
conventional computed tomography to cone-beam
computed tomography. This transition may be
attributed to the increasing use of cone-beam
computed tomography in dentistry because of its
advantages, including lower cost, lower radiation
exposure, and higher spatial resolution for hard
tissue evaluation [21]. The prominence of the
themes "maxillary sinus augmentation”, "titanium
implants", "bone", and "alveolar bone" during the
first period indicates that research was primarily
focused on implant placement and bone
augmentation procedures. In contrast, the emergence
of the more specific theme "floor elevation" during
the second period suggests that research related to
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implant surgery has shifted toward more specialized
topics, particularly sinus floor elevation procedures.
The persistence of the theme "dental implant"
throughout both periods indicates that studies on
maxillary sinus imaging have remained largely
centered on dental implant applications.

V. CONCLUSION

In conclusion, the literature on maxillary
sinus imaging in dentistry has shown a marked
increase in recent years. Research has primarily
focused on dental implants, sinus floor elevation,
bone augmentation, and cone-beam computed
tomography. Furthermore, the "thematic evolution
analysis" demonstrated that conventional computed
tomography was the predominant imaging modality
during the earlier period, whereas cone-beam
computed tomography became the predominant
modality in the later period. Future studies should
include publications from different databases and
in multiple languages to provide a more
comprehensive understanding of the field.
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