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Abstract Background/Purpose: Furcation involvement is a condition characterized by un- 

pleasant odors originating from the oral cavity. The purpose of this study was to analyze the 

scientometric characteristics and research trends of furcation involvement. 

Materials and methods: All the papers on furcation involvement were comprehensively 

retrieved from the Scopus database. The years of publication were divided into before 2010 

and after 2010 in the analysis of research trends. 

Results: There were 1537 papers on furcation involvement, with total citations of 47,246 and 

the h index of 98. The treatment modalities included guided tissue regeneration (GTR), bone 

regeneration, artificial membranes, surgical flaps, bone transplantation, dental scaling, and 

plastic surgery. The trend of diagnostic aspect has highlighted the diagnostic imaging by cone 

beam computed tomography and micro-computed tomography after 2010. The trend of treat- 

ment, plastic surgery, root canal therapy, subgingival curettage, absorbable implants, anti- 

bacterial agents, and antiinfective agent before 2010, has changed to bone defect, bone graft, 

platelet-rich fibrin, and local drug delivery after 2010. There have always been common key- 

words such as furcation defects, periodontitis, alveolar bone loss, GTR, bone regeneration, 

periodontal pocket, pathology, periodontal attachment loss, randomized controlled trial, 

and risk factor.
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Conclusion: This scientometric study for the first time elucidated the current scenario and 

research trends of furcation involvement, particularly the comprehensive identification and 

recognition of the important research topics concerned. 

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier 

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons. 

org/licenses/by-nc-nd/4.0/).

Introduction

Furcation involvement refers to a condition in which the 
progression of the periodontal disease process invades the 
bi- or tri-furcation area of multirooted teeth. 1 It is char- 
acterized by the resorption of bone and loss of attachment, 
and furcation-involved molars are a common presentation 
in general dental practice. 1 The furcation is an area of 
complex anatomic morphology that may be difficult or 
impossible to debride by means of routine periodontal 
instrumentation. 2 Teeth with increasing degrees of furca- 
tion involvement are at a higher risk of requiring extrac- 
tion. With appropriate supportive therapy, these teeth 
have been shown to have acceptable survival rates. 3,4 

However, the treatment of a multi-rooted tooth with a 
furcation involvement is still a challenge and a problem 
that has, to date, not been solved. 4,5 Therefore, diagnosis 
and its correct interpretation are essential when estab- 
lishing an adequate treatment. 3,4 An improved under- 
standing of how to appropriately manage these teeth can 
result in improved outcomes for patients. 

The assessment and management of furcation-involved 
teeth may be complicated by difficulties in accessing the 
furcation for both the clinician and patient. 3,4 Enhanced 
efforts are needed to improve detection and management 
of furcation involvement by general dental practitioners. 
Scientometrics is a useful tool that utilizes citation and 
bibliometric data to measure scientific output and research 
trend of a specific research field. 6—8 The previous biblio- 
metric analyses of periodontal disease focus on the other 
aspects, e.g., systemic diseases and immune response, 9—12 

without relevant study on furcation involvement. Such 
analysis would be important for understanding of diagnosis, 
prognosis and treatment planning of a disease as well as for 
the communication between clinicians and researchers. 
Therefore, the purpose of this study was to analyze the 
scientometric characteristics and research trends of all the 
papers on furcation involvement, with emphasis on the 
analysis of the keywords that can reflect research di- 
rections and topics of concern.

Materials and methods

As per the methodology described previously, 6—8 all the 
papers on furcation involvement in periodontal disease in 
the Scopus database were retrieved on 04 April 2025. We 
used medical subject terms “furcation involvement OR 
furcation defect” AND “Periodont * ” in title, abstract and 
keywords in literature search, without restriction to paper

type and year of publication. Only English literature was 
included because it is an international knowledge-exchange 
language. The scientometric characteristics of all the 
eligible papers were recorded for the following information: 
title, keyword, citation count, publication year, journal of 
publication, authorship, affiliation, and country/region of 
origin. Data search and extraction were performed inde- 
pendently by two investigators, and any discrepancy of re- 
sults was resolved in a consensus symposium. The years of 
publication were divided into before 2010 and after 2010, so 
that the number of papers can be to some extent compared 
in the analysis of research trends. Microsoft Office Excel 365 
was used for index model building, and the Bibliometrix 
Biblioshiny R-package software was used for bibliometric 
statistics. In this descriptive study, variables were presented 
as numbers and percentages. No comparisons were made, 
and thus no P-values were set.

Results

Citation characteristics

With the search strategy algorithm, a total of 1537 papers 
on furcation involvement were retrieved in the Scopus 
database. As presented in Fig. 1A, the most type of papers 
on furcation involvement was article (n � 1307), followed 
by review (n � 189) and book chapter (n � 19). The total 
citation count (after removal of self-citations) was 47,246 
(43,320) and the h index was 98 (92) for all the papers. To 
further concretize the trends of scientific output, we 
assessed the annual number and accumulated citations of 
the papers during 2005—2024 (Fig. 1B). The annual number 
of the papers on furcation involvement ranged from 23 to 
67 during 2005—2024. The accumulated citations (after 
removal of self-citations) of the papers increased from 1020 
(908) to 3351 (3159) during 2005—2024. Supplementary 
Table S1 presents the detailed information on publication 
year, authors, title, abstract, journal of publication, cita- 
tion count, institutions, and keywords of the 100 most-cited 
papers.

Bibliometric characteristics

Fig. 1C displays cloud graphs of journals of publications, 
contributing authors, institutions, and countries/regions of 
origin of the papers on furcation involvement, which were 
divided into before 2010 (782 papers) and after 2010 (755 
papers), so that the number of papers can be to some 
extent compared in the analysis. Before 2010, the journal
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of publication, contributing author, institution and country 
of origin with largest number of papers was Journal of 
Periodontology (216 papers), Egelberg, J (20 papers), Loma 
Linda University (29 papers) and United States (308 papers), 
respectively. After 2010, the journal of publication, 
contributing author, institution and country of origin with 
maximum number was Journal of Clinical Periodontology 
(69 papers), Sculean, A (17 papers), University of Michigan 
School of Dentistry and University of Bern (both 23 papers) 
and India (142 papers), respectively. Supplementary Table 
S2 presents the journals, contributing authors, institutions, 
and countries/regions with largest number of papers (rank, 
1—10).

Research characteristics

Based on the frequency of the keywords in all the papers on 
furcation involvement (Fig. 2A), a list of the common key- 
words is automatically recognized by the database. The 
most common study design was controlled/comparative 
study, followed by follow-up study, randomized controlled 
trial, clinical trial, retrospective study, prospective study, 
and longitudinal study. The most common keyword of 
treatment on furcation involvement was periodontal guided 
tissue regeneration (GTR), followed by bone regeneration, 
artificial membranes, surgical flaps, bone transplantation, 
dental scaling, plastic surgery, periodontal regeneration,

root planning, and so on (Fig. 2B). Before 2010 and after 
2010, there have always been the same common keywords 
such as furcation defects, periodontitis, alveolar bone loss, 
GTR, bone regeneration, periodontal pocket, pathology, 
periodontal attachment loss, randomized controlled trial, 
animal, dog, and risk factor. 

Based on the keywords of papers on furcation involve- 
ment published in different years (Fig. 2C), the more 
common keywords can basically reflect research trends. 
before 2010, the investigations on pathophysiology, micro- 
biology, connective tissue, denture, permanent dental 
restoration, time factors, observer variation, and repro- 
ducibility of results were more common. The keywords of 
treatment aspect including plastic surgery, root canal 
therapy, subgingival curettage, absorbable implants, 
biodegradable implant, bioremediation, politef, polytetra- 
fluoroethylene, polymer, anti-bacterial agents, anti- 
infective agent, citrates, citric acid, lactic acid, polylactic 
acid, equipment design, instrumentation, and patient care 
planning were more frequent. After 2010, the in- 
vestigations on prevalence, outcome assessment, dental 
caries, diabetes mellitus, enamel matrix proteins, and 
cementogenesis were more common. The keywords of 
treatment aspect including bone defect, bone graft, 
platelet-rich fibrin, complication, aluminum compounds, 
calcium compounds, calcium derivative, calcium phos- 
phate, silicates, hydroxyapatite, mineral trioxide

Figure 1 Bibliometric characteristics of the papers on furcation involvement. (A) The numbers of different paper types. (B) The 

annual number and accumulated citations of the papers during 2005—2024. (C) Cloud graphs of journal of publication, contributing 

authors, countries and institutions of origin regarding furcation involvement publications before 2010 and after 2010. The font size 

indicates the number of papers; a larger size means more papers in the cloud graphs.
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aggregate, and drug combinations were more frequent. 
Moreover, the keywords of diagnostic aspect including 
diagnostic imaging, cone beam computed tomography, 
micro-computed tomography, clinical attachment level, 
bleeding on probing, and plaque index were also more 
common after 2010. Besides, there were more cohort 
analysis, cross-sectional study, prospective study, system- 
atic review, and Meta analysis.

Discussion

Furcation-involved teeth, commonly seen in dental prac- 
tice, have a higher likelihood of needing extraction as the 
severity of periodontal disease increases. 1 This sciento- 
metric study attempted to analyze the bibliometric char- 
acteristics and research trends of all the publications on 
furcation involvement retrieved from the Scopus database. 
The increasing citations of the papers on furcation 
involvement suggest that this condition has governed 
increasing attention and investigation. Bibliometric char- 
acteristics including journals of publications, contributing

authors, institutions and countries of origin, and keywords 
were identified in sequence. These would aid clinicians and 
researchers in choosing target journals, finding potential 
collaborators or partner institutions, as well as promoting 
mutual understanding and more reciprocal cooperation 
regarding furcation involvement research. Importantly, we 
identified the keywords of treatment modalities including 
GTR, bone regeneration, artificial membranes, surgical 
flaps, and bone transplantation. These would provide a 
better comprehensive understanding of the management 
strategies of furcation involvement. 

The strength of this scientometric study was to perform 
the chronological comparison (before 2010 versus after 
2010) based on all the papers on furcation involvement. 
According to the frequency of the keywords in the papers 
on furcation involvement, the trend of diagnostic aspect 
has highlighted the diagnostic imaging by cone beam 
computed tomography and micro-computed tomography 
after 2010. 13—16 The trend of treatment, plastic surgery, 
root canal therapy, subgingival curettage, absorbable im- 
plants, anti-bacterial agents, and antiinfective agent 
before 2010, has changed to bone defect, bone graft,

Figure 2 Research characteristics of the papers on furcation involvement. (A) Cloud graph of all the main keywords. (B) The 

keywords of treatment (C) Cloud graphs of distinctive keywords of papers published before 2010 and after 2010. The font size 

indicates the number of papers; a larger size means more papers in the cloud graphs.
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platelet-rich fibrin, and local drug delivery after 2010. 17—20 

Moreover, the trend of investigations on pathophysiology, 
microbiology, connective tissue, denture, and permanent 
dental restoration, before 2010, has changed to outcome 
assessment, diabetes mellitus, enamel matrix proteins, and 
cementogenesis after 2010. Regarding the limitations of the 
current study, we only searched all the English papers from 
the Scopus database and thus may overlook important 
research published in other languages and other databases. 
Moreover, the more recent papers could not accumulate a 
large number of citations at the time of this study. 

In summary, this scientometric study for the first time 
elucidated the current scenario and research trends in the 
field of furcation involvement. Overall, finding the sciento- 
metrics would elucidate the comprehensive identification 
and recognition of the important research topics concerned, 
and help in improving in reciprocal collaboration and 
communication for investigations on furcation involvement.

Declaration of competing interest

The authors have no conflicts of interest relevant to this 
article.

Acknowledgments

This work was supported by National Natural Science 
Foundation of China (82302553), and Natural Science 
Foundation of Hunan Province (2024JJ9542, 2024JJ90063), 
Hunan Province Clinical Medical Technology Innovation 
Guidance Project (2021SK53303), Changsha Municipal 
Health Commission (KJ-A2023015), Hunan Province Health 
Care Special Project (B2024-09), and Hunan University of 
Chinese Medicine (2024BKS039).

Appendix A. Supplementary data

Supplementary data to this article can be found online at 
https://doi.org/10.1016/j.jds.2025.05.026.

References

1. Peeran SW, Ramalingam K, Sethuraman S, Thiruneervannan M. 

Furcation involvement in periodontal disease: a narrative re- 
view. Cureus 2024;16:e55924.

2. Mukherjee M, Nair V, Phull T, et al. Biometric analysis of 

furcation area of molar teeth and its relationship with instru- 

mentation. BMC Oral Health 2024;24:436.

3. Gill T, Bahal P, Nibali L. Furcation-involved molar teeth - part 

1: prevalence, classification and assessment. Br Dent J 2022; 

233:847—52.

4. Gill T, Bahal P, Nibali L. Furcation-involved molar teeth - part 
2: management and prognosis. Br Dent J 2022;233:923—8.

5. Kalani K, Hoang K, Chinam N, Saleh MHA, Wang HL. Factors 

associated with furcation involvement and fixed prostheses: a 

cross-sectional study. Clin Oral Invest 2024;28:387.

6. Liu Q, Deng Y, Liu W, Shen Z. The scientometric characteristics 

of Lichen planus in stomatology and dermatology journals: a 

comparative study. J Dent Sci 2024;19:1934—41.

7. Zhang Z, Zhu H, Ren Z, Shi H, Liu W. A scientometric and 

comparative study of Sjogren’s syndrome research by rheu- 

matologists and stomatologists. J Dent Sci 2024;19:1499—505.

8. Xu W, Li C, Liu Q, Liu W, Wang X. A scientometric study of oral 
cancer research in South and Southeast Asia with emphasis on 

risk factors control. J Dent Sci 2024;19:2157—62.

9. Isola G, Polizzi A, Serra S, Boato M, Sculean A. Relationship 

between periodontitis and systemic diseases: a bibliometric 
and visual study. Periodontol 2000 2025 (in press), https://doi. 

org/10.1111/prd.12621.

10. Huamán-Mendoza AA, Pantigozo-Morán FL, da Silva JC, Chu- 
quimez-Ventura CV, Holzhausen M. Hotspots and global trends 

in research of host immune response in periodontitis: a bib- 

liometric analysis. J Periodontol 2025 (in press), https://doi. 

org/10.1002/JPER.24-0473.

11. Das R, Suryawanshi N, Burnase N, et al. Classification and 

bibliometric analysis of hydrogels in periodontitis treatment: 

trends, mechanisms, advantages, and future research di- 

rections. Dent Mater 2025;41:81—99.

12. Hu SW, Yang JJ, Lin YY. Global research trends in the links 

between periodontal disease and cancer: a bibliometric anal- 

ysis. Pathogens 2024;13:13090789.

13. Shetty S, Talaat W, AlKawas S, et al. Application of artificial 

intelligence-based detection of furcation involvement in 

mandibular first molar using cone beam tomography images- a 

preliminary study. BMC Oral Health 2024;24:1476.

14. Zhang X, Guo E, Liu X, et al. Enhancing furcation involvement 

classification on panoramic radiographs with vision trans- 

formers. BMC Oral Health 2025;25:153.

15. Kurt-Bayrakdar S, Bayrakdar _ IS ‚ , Yavuz MB, et al. Detection of

periodontal bone loss patterns and furcation defects from 

panoramic radiographs using deep learning algorithm: a 

retrospective study. BMC Oral Health 2024;24:155.

16. Qiu Y, Tang Y, Zhang P, Li J, Gu Y. Investigation of the 
furcation morphology of permanent mandibular first molars 

by using micro-computed tomography. BMC Oral Health 2024; 

24:1150.
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