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ABSTRACT: Mandibular canal variations are anatomical structures that occur as a result of errors in the fusion of primitive canals
during the embryological process and are of clinical importance in oral surgery, implantology, and local anesthesia. The aim of the
present study was to examine the scientific production, conceptual structure, research trends, and thematic development of the
literature related to these variations using bibliometric analysis. The data were obtained by screening articles indexed in the Web of
Science Core Collection database between 1995 and 2025. For the bibliometric analysis, the bibliometrix package was used through
R, RStudio, and Biblioshiny. Annual Scientific Production, Keyword Co-occurrence Analysis, Trend Topics Analysis, Thematic
Map Analysis, and Thematic Evolution Analysis related to the topic were examined. Scientific production in the related field showed
an increasing trend over the years. Keyword network analysis demonstrated that the terms “mandibular canal,” “inferior alveolar
nerve,” “cone-beam computed tomography,” and “bifid mandibular canal” were prominent. Trend and thematic analyses showed
that research trends shifted over time from implant surgery and basic anatomical variations toward CBCT -based imaging, surgical
planning, and the prevention of complications. The results of this study demonstrated that scientific production related to mandibular
canal variations has increased over the years and that research trends in the field have changed with the widespread use of three-

dimensional imaging modalities, particularly cone-beam computed tomography.
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INTRODUCTION
The mandibular canal is an intraosseous canal located bilaterally within the mandible. The neurovascular structures contained within
the canal provide innervation to the teeth and mucosal tissues in the re
lated region and supply vascular support to the surrounding hard and soft tissues (1). After the second half of gestation, three separate
canals develop on each side of the mandible: one for the incisor teeth, one for the canine teeth, and one for the molar teeth. Although
these canals are normally expected to fuse into a single canal during development, this fusion may fail in some cases, resulting in
the formation of bifid or trifid mandibular canals (2-4). Anatomical variations of bifid and trifid mandibular canals can be classified
into several subtypes (5-7). These variations of the mandibular canal may lead to local anesthesia failure and complications during
mandibular third molar extraction and implant surgery in clinical practice. Such complications include paresthesia, traumatic
neuroma, and hemorrhage. In addition, the use of removable prostheses in severely resorbed ridges may cause discomfort due to
pressure exerted on these canals (8-11).

Numerous studies have been conducted on the clinically significant anatomical variations of the mandibular canal (3, 12).
The widespread use of advanced three-dimensional imaging modalities such as CBCT has enabled more detailed and reliable
evaluation of anatomical variations of the mandibular canal (13). Previous studies have generally focused on investigating the
frequency and morphometric characteristics of anatomical variations of the mandibular canal (14, 15). Although numerous studies
have been conducted in this field, there is limited information in the literature regarding performance analysis, conceptual structure
analysis, trend analysis, and thematic analysis related to this topic (16). Evaluating the main research themes and the development
of the field has become increasingly difficult. Therefore, it is necessary to investigate the research trends and conceptual structure
of the related field. Bibliometric analysis is a method that can address this gap. It has the ability to quantitatively reveal the
characteristics of the field by examining Annual Scientific Production, Keyword Co-occurrence Analysis, Trend Topics Analysis,
Thematic Map Analysis, and Thematic Evolution Analysis (17-19).

This study aims to provide an overview of the current status and evolution of the field by performing a bibliometric analysis
of studies related to the mandibular canal and examining Annual Scientific Production, Keyword Co-occurrence Analysis, Trend
Topics Analysis, Thematic Map Analysis, and Thematic Evolution Analysis in this research area.
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MATERIALS and METHODS

This study was designed as a bibliometric analysis investigating research on anatomical variations of the mandibular canal in the
field of dentistry. Due to the nature of bibliometric analysis, no human or animal subjects were involved; therefore, ethical committee
approval was not required.

To obtain the data for this study, the following search query was entered into the advanced search section of the Web of
Science Core Collection (WoSCC) database: (("mandibular canal" OR "inferior alveolar canal" OR "inferior alveolar nerve") AND
("variation" OR "bifid" OR "trifid" OR "accessory")). In the database analysis conducted between 1995 and 2025, only articles were
included, while articles unrelated to anatomical variations of the mandibular canal, conference proceedings, and editorial letters
were excluded to ensure the homogeneity of the dataset.

For the bibliometric analysis, the bibliometrix package (version 5.3.0) was used through R (version 4.6.0), RStudio, and
Biblioshiny. Within the scope of performance analysis, Annual Scientific Production was evaluated; within the scope of conceptual
structure analysis, Keyword Co-occurrence Analysis was performed; within the scope of trend analysis, Trend Topics Analysis was
conducted; and within the scope of thematic analysis, Thematic Map Analysis and Thematic Evolution Analysis were examined.

Network-based clustering approaches were used to investigate the conceptual structure of the literature. In the Keyword
Co-occurrence Analysis, the conceptual structure of the literature was examined using author-provided keywords. A network-based
clustering algorithm was employed to identify the dominant themes in the literature. In the generated network structures, colors
represent different thematic clusters, node size indicates keyword frequency, and edge thickness represents co-occurrence strength.
In the thematic map analysis, basic themes, niche themes, motor themes, and emerging/declining themes were examined. In addition,
thematic evolution analysis was performed to investigate the temporal changes of themes related to the topic.

RESULTS

A total of 278 articles indexed in the WoSCC database between 1995 and 2025 were analyzed. Although fluctuations were observed
over the years in the Annual Scientific Production analysis, scientific production generally showed an increasing trend, with the
highest scientific production observed in 2025 (Figure 1).
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Figure 1. Annual Scientific Production of Publications on Anatomical Variations of the Mandibular Canal.

Co-occurrence Analysis of Authors’ Keywords revealed that the term “mandibular canal” was located at the center of the network
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structure and showed strong associations with the terms “mandible,” “cone-beam computed tomography,” “inferior alveolar
nerve,” and “bifid mandibular canal.” In Figure 2, different colors represent different thematic clusters. The terms “oral surgery,”
“third molar, tomography,” “dental implants,” and “CBCT” also emerged as other major
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Figure 2. Co-occurrence Network of Authors’ Keywords in Mandibular Canal Variation Research.

Trend Topics Analysis demonstrated that keyword trends in the field became more prominent after 2010 compared to earlier periods.
No Trend Topics formation was observed before 2005 due to insufficient keyword frequency during that period. While the terms
“dental implant” and “cone beam ct” were more frequently observed in the earlier years, the terms “inferior alveolar nerve,”
“accessory mental foramen,” “bifid mandibular canal,” “mandible,” *

more prominent in subsequent years. In more recent years, the terms “mandibular canal,” “CBCT,” “oral surgery,” “surgery,”
“anesthesia,” and “anatomical variations” emerged as the dominant topics (Figure 3).
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Figure 3. Trend Topics Analysis of Research on Mandibular Canal Variations.

Thematic Map Analysis revealed that the terms “mandibular canal” and “mandible” were located within the basic themes; “inferior
alveolar nerve,” “mandibular nerve,” “retromolar canal,” and “variation” were included within the motor themes; “bifid mandibular

canal” and “dental implant” were positioned within the niche themes; and “radiography,” “panoramic,” “surgery,” and “magnetic
resonance imaging” were identified within the emerging/declining themes (Figure 4).
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Figure 4. Thematic Map Analysis of Research on Mandibular Canal Variations.
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Thematic Evolution Analysis demonstrated that the terms “mandibular canal,” “inferior alveolar nerve,” “mandibular nerve,”
“mandible,” “mental foramen,” and “bone” were the dominant themes between 1995 and 2010. In the subsequent period, while the
terms “mandibular canal,” “inferior alveolar nerve,” and “mandibular nerve” maintained their presence as dominant themes, the
terms “bifid mandibular canal,” “computed tomography,” and “retromolar canal” also emerged among the prominent themes (Figure

5)
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Figure 5. Thematic Evolution Analysis of Research on Mandibular Canal Variations.

DISCUSSION

The mandibular canal is an intraosseous structure that provides neurovascular support to the mandible. Due to the neurovascular
structures it contains, this canal is of considerable clinical importance during procedures such as oral surgical interventions (20).
During embryological development, a pair of primitive canals is observed in the mandible on both the right and left sides for each
tooth group. These canals normally fuse during the developmental process. However, if any error occurs during the fusion process,
bifid and trifid mandibular canals may develop (2-4). These accessory canals may be located superior, medial, or lateral to the main
mandibular canal and may contain neurovascular bundles. Disruption of the structural integrity of these canals during various
interventions may lead to complications such as hemorrhage, paresthesia, and traumatic neuroma. Therefore, understanding the
morphological characteristics and prevalence of these accessory canals, which may be associated with surrounding teeth and other
neurovascular structures, is of considerable importance (5, 20, 21).

Although numerous studies have been conducted in this field within dentistry, there is limited information in the literature
regarding the investigation of its conceptual structure, research trends, and scientific production (16). Therefore, it is necessary to
investigate the research trends and conceptual structure of the related field.

Evaluation of the Annual Scientific Production related to the present topic demonstrated that, although fluctuations were
observed over time, scientific production in the field generally showed an increasing trend. The highest number of publications
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being observed in 2025 indicates that interest in mandibular canal variations remains ongoing and that the field continues to maintain
its relevance. The general increase in scientific production between 1995 and 2005 may be associated with advancements in imaging
technologies and the widespread use of intraosseous implant applications in the mandibular posterior region, which is closely related
to these anatomical variations (4, 22-24).

Co-occurrence Analysis of Authors’ Keywords demonstrated that the term “mandibular canal” was positioned at the center
of the network and showed strong associations with the term “cone-beam computed tomography.” This finding suggests that cone-
beam computed tomography is widely preferred for the evaluation of mandibular canal variations. This may be attributed to the
ability of cone-beam computed tomography to clearly visualize anatomical structures within bone due to its high hard-tissue
resolution (25, 26). A detailed examination of the network structure demonstrated that the terms “inferior alveolar nerve,” “oral
surgery,” “variation,” and “third molar” formed interconnected clusters. This finding suggests that variations of the mandibular
canal occupy a critical position in terms of the potential risk of complications during third molar surgery, which may have
contributed to the increasing number of studies in this field (4, 27). Co-occurrence Analysis of Authors’ Keywords revealed a
separate cluster containing the terms “computed tomography” and “dental implants.” This finding suggests that three-dimensional
imaging modalities play an important role in the evaluation of anatomical variations during implant procedures (24, 28).

Trend Topics Analysis demonstrated that the terms “dental implant,” “variation,” and “retromolar foramen” were
prominent in the early period. This finding indicates that early studies mainly focused on anatomical variations and implant surgery.
In more recent years, the terms “cone-beam computed tomography,” “CBCT,” “oral surgery,” “surgery,” “anesthesia,” and “cone-
beam computed” have become more prominent. This suggests that cone-beam computed tomography has been increasingly used in
the evaluation of the mandibular canal and that the research field has become more focused on surgical planning, prevention of
complications, and the investigation of anesthesia effectiveness.

Thematic Map Analysis demonstrated that the terms “mandibular canal” and “mandible” were positioned within the basic
themes, indicating that these terms play a central role in the research field. The themes “inferior alveolar nerve,” “retromolar canal,”
and “variation” were located within the motor themes, suggesting that these topics are current and extensively investigated research
areas. The terms “bifid mandibular canal” and “dental implant” were identified within the niche themes, indicating that these topics
represent more specific and specialized research areas. Thematic Evolution Analysis further demonstrated that the recent
prominence of the terms “bifid mandibular canal,” “computed tomography,” and “retromolar canal” may reflect the growing interest
in more specific research areas as a result of advancements in imaging technologies over time.

The limitations of the present study include the use of only the WoSCC database without the inclusion of other databases
and the use of only English-language keywords in the search strategy. However, the widespread use of English in scientific
publications and the high-quality indexing criteria of the WoSCC database increase the reliability of this study.

CONCLUSION

The results of this study demonstrated that the scientific production related to mandibular canal variations has shown an increasing
trend over the years and that research trends in the field have changed with the widespread use of three-dimensional imaging
modalities, particularly cone-beam computed tomography. Future studies are recommended to include different databases and to
use search terms in multiple languages.
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