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A BIBLIOMETRIC EVALUATION OF RADIONUCLIDE IMAGING APPLICATIONS IN 3 

TEMPOROMANDIBULAR JOINT DISORDERS. 4 
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Abstract: 9 

Radionuclide imaging methods are techniques used for the functional evaluation of tissues, and the aim of the 10 

present study was to evaluate the structure of the literature on radionuclide imaging methods in temporomandibular 11 

joint imaging through bibliometric analysis. The study data were obtained from the Web of Science Core Collection 12 

database, and R, RStudio, Biblioshiny, and Bibliometrix were used for the bibliometric analyses. The results 13 

demonstrated an increase in annual scientific production, and the term ―condylar hyperplasia‖ was identified as 14 

occupying a central position within the literature. It was determined that the literature in this field mainly focuses on 15 

condylar hyperplasia and temporomandibular joint metabolic activity. 16 
 17 
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Introduction:Nuclear medicine imaging methods constitute a field that utilizes radioactive 26 

substances to evaluate tissue functions and diagnose diseases by examining the distribution of 27 

these substances. Although these imaging methods are widely used in fields such as oncology 28 

and cardiology, they are also employed in dentistry. However, these imaging modalities have 29 

several disadvantages. Compared to anatomical imaging methods, they exhibit lower spatial 30 

resolution. These high-cost imaging techniques require trained personnel and specialized 31 

equipment. In addition, radiation exposure associated with these methods raises concerns for 32 

patients, patients’ relatives, and healthcare professionals(1-3). However, these methods have the 33 

capability to detect biochemical changes in cells before morphological alterations occur, thereby 34 

enabling early diagnosis and providing information regarding cellular physiology(4).  35 

 Among these imaging modalities, scintigraphy uses gamma cameras and radionuclides to 36 

identify regions with high cellular metabolic activity. These regions, where radionuclides 37 

accumulate, are visualized as hot spots. Single Photon Emission Computed Tomography 38 

overcomes the major limitation of scintigraphy, namely two-dimensional image formation, by 39 

performing a 360° gamma camera scan and generating three-dimensional images. Positron 40 

Emission Tomography is one of the most advanced imaging methods in nuclear medicine and, 41 

unlike other imaging techniques, utilizes positron-emitting radioisotopes instead of gamma-42 

emitting radioisotopes. This allows the detection of smaller changes with greater sensitivity. One 43 

of the most common applications of these imaging modalities in dentistry is the imaging of the 44 

temporomandibular joint(3, 5-12). 45 
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Although numerous studies have been conducted on temporomandibular joint imaging in 46 

dentistry using nuclear imaging methods, there is limited information in the literature regarding 47 

the conceptual structure and thematic evolution of this field(13, 14). For this reason, it becomes 48 

difficult to identify the development and progression of the field. Bibliometric analysis is a 49 

useful method for overcoming these limitations. Through bibliometric analysis, the performance 50 

and conceptual structure of a research field can be evaluated using quantitative findings(15-17). 51 

The aim of this study was to investigate the use of radionuclide imaging methods in the 52 

temporomandibular joint through Annual Scientific Production, Most Cited Documents 53 

Analysis, Keyword Co-occurrence Analysis, Thematic Map Analysis, and Thematic Evolution 54 

Analysis, and to evaluate the current status and evolution of the literature in this field. 55 

Materials and Methods:The present study was designed as a bibliometric analysis investigating 56 

the use of radionuclide imaging methods for temporomandibular joint imaging in the field of 57 

dentistry. Due to the nature of the bibliometric analysis method, no human or animal subjects 58 

were involved; therefore, ethical committee approval was not required. 59 

 The data used in this study were obtained from the Web of Science Core Collection 60 

(WoSCC) database. The dataset was created by entering the following search terms into the 61 

WoSCC database: ((scintigraphy OR SPECT OR PET OR radionuclide) AND (TMJ OR TMD 62 

OR temporomandibular OR condyle OR "temporomandibular joint") AND (mandible OR 63 

mandib* OR maxilla* OR jaw OR dentistry OR maxillofacial)). In order to ensure the 64 

homogeneity of the dataset, conference proceedings, editorial letters, and studies unrelated to the 65 

subject were excluded. The dataset was generated based on articles published between 1995 and 66 

2025. 67 

 R (version 4.6.0), RStudio, and the Bibliometrix package (version 5.3.0) through 68 

Biblioshiny were used for the bibliometric analysis. Within the scope of performance analysis, 69 

Annual Scientific Production and Most Cited Documents Analysis were evaluated. In order to 70 

investigate the conceptual structure of the field, Keyword Co-occurrence Analysis, Thematic 71 

Map Analysis, and Thematic Evolution Analysis were performed. 72 

 The conceptual structure of the field was examined using network-based clustering 73 

approaches. In the Keyword Co-occurrence Analysis, only author keywords were included. 74 

During the analysis, the colors within the generated network structure represented different 75 

thematic groups, the node size indicated keyword frequency, and the edge thickness represented 76 

the strength of co-occurrence. Within the scope of the Thematic Map Analysis, basic themes, 77 

motor themes, niche themes, and emerging/declining themes were evaluated. In addition, the 78 

development of existing themes over time was investigated through Thematic Evolution 79 

Analysis. 80 

Results: A total of 167 articles indexed in the WoSCC database were included in the study. Until 81 

2004, the annual scientific production remained relatively lower compared to subsequent years, 82 
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whereas a general increasing trend accompanied by fluctuations was observed in the following 83 

years. The lowest annual scientific production was recorded in 2004, while the highest annual 84 

scientific production was reached in 2023 (Figure 1). 85 

 86 

 87 

 88 

Figure 1. Annual Scientific Production Related to Radionuclide Imaging Methods in Temporomandibular Joint 89 

Research Between 1995 and 2025. 90 

 Evaluation of the Most Globally Cited Documents Analysis revealed that the study by 91 

Nitzan et al.(10)had the highest number of citations with 143 citations, followed by the study by 92 

Suh et al.(18)with 97 citations and the study by Hodder et al.(19)with 94 citations (Figure 2). 93 

 94 
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Figure 2. Most Globally Cited Documents Related to Radionuclide Imaging Methods in Temporomandibular Joint 95 

Research. 96 

 Evaluation of the Authors’ Keywords Co-occurrence Analysis demonstrated that the term 97 

―condylar hyperplasia‖ was located at the center of the generated network and exhibited a high 98 

degree of connection density. This term showed strong associations with the terms 99 

―temporomandibular joint,‖ ―scintigraphy,‖ ―facial asymmetry,‖ and ―condylectomy‖ (Figure 3).100 

 101 

Figure 3. Authors’ Keywords Co-occurrence Network Related to Radionuclide Imaging Methods in 102 

Temporomandibular Joint Research. 103 

 Evaluation of the Thematic Map Analysis in the present study demonstrated that the 104 

terms ―temporomandibular joint,‖ ―bone scintigraphy,‖ and ―joint‖ were located in the motor 105 

themes area, whereas the terms ―management,‖ ―hyperplasia,‖ ―condylectomy,‖ ―diagnosis,‖ 106 

―bone-scintigraphy,‖ and ―condylar hyperplasia‖ were positioned within the basic themes area. 107 

In addition, the terms ―mandibular condyle,‖ ―CT,‖ ―PET,‖ ―scintigraphy,‖ ―tomography,‖ and 108 

―skeletal‖ were identified in the niche themes area, while the terms ―osteochondroma,‖ 109 

―orthognathic surgery,‖ and ―TMJ‖ were located in the emerging/declining themes region 110 



 

5 

 

(Figure 4).111 

 112 

Figure 4. Thematic Map Related to Radionuclide Imaging Methods in Temporomandibular Joint Research. 113 

 Evaluation of the Thematic Evolution Analysis demonstrated that, during the early 114 

period, the themes ―diagnosis,‖ ―scintigraphy,‖ ―bone scintigraphy,‖ ―mandibular condyle,‖ 115 

―growth,‖ ―rheumatoid arthritis,‖ and ―cancer‖ were prominent. In the later period, the terms 116 

―diagnosis‖ and ―scintigraphy‖ maintained their presence, while the themes ―temporomandibular 117 

joint,‖ ―condylar hyperplasia,‖ ―bone scintigraphy,‖ and ―mandibular asymmetry‖ became more 118 

prominent (Figure 5).119 

 120 

Figure 5. Thematic Evolution Related to Radionuclide Imaging Methods in Temporomandibular Joint Research. 121 

Discussion: Nuclear medicine imaging methods are techniques that enable the diagnosis of 122 

pathological conditions by utilizing the radioactive decay properties of radioisotopes. Nuclear 123 
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medicine represents a specialized field across all areas of healthcare and has great diagnostic 124 

importance through modalities such as scintigraphy, Positron Emission Tomography, and Single 125 

Photon Emission Computed Tomography. This importance also extends to dentistry. In these 126 

methods, the distribution of administered radioactive isotopes is evaluated using specialized 127 

scanners. Although there are studies regarding this field in dentistry, a lack of awareness still 128 

exists (13, 14, 20, 21). In addition, since this is a developing field, there is limited information 129 

regarding its scientific production, conceptual structure, and thematic evolution. Therefore, it is 130 

necessary to evaluate the conceptual structure and current status of the field. 131 

 Evaluation of the Annual Scientific Production related to nuclear imaging methods in 132 

dentistry demonstrated a general increasing trend over the years despite the presence of 133 

fluctuations. This trend may be associated with the growing interest in functional imaging 134 

methods for the evaluation of temporomandibular joint disorders. The ability of nuclear medicine 135 

imaging modalities to assess metabolic activity in conditions such as condylar hyperplasia, 136 

osteoarthritis, and inflammatory temporomandibular joint diseases may have contributed to the 137 

expansion of their applications in dentistry. In addition, the fluctuations observed in annual 138 

scientific production may be related to the fact that the field has developed around certain 139 

specific clinical topics(14, 22, 23). 140 

 Evaluation of the Most Globally Cited Documents Analysis revealed that the most highly 141 

cited studies were focused on temporomandibular joint imaging(10, 18, 19). This finding 142 

suggests that the evaluation of the temporomandibular joint using nuclear medicine imaging 143 

methods holds an important place in the field of dentistry. 144 

 Evaluation of the Authors’ Keywords Co-occurrence Analysis regarding the present topic 145 

demonstrated that the term ―condylar hyperplasia‖ played a central role within the network 146 

structure with a high degree of connection density. In particular, the strong associations of the 147 

terms ―scintigraphy,‖ ―facial asymmetry,‖ and ―condylectomy‖ with ―condylar hyperplasia‖ 148 

suggest that the field has been shaped around temporomandibular joint pathologies, facial 149 

asymmetry, and surgical planning. In addition, the presence of the term ―computed tomography‖ 150 

within the network structure indicates the current position of hybrid imaging methods in the 151 

field(22, 24). 152 

 Evaluation of the Thematic Map Analysis demonstrated that the terms 153 

―temporomandibular joint,‖ ―bone scintigraphy,‖ and ―joint‖ were located within the motor 154 

themes cluster. This finding indicates that scintigraphy-based imaging methods are among the 155 

current and extensively investigated themes in the evaluation of joint disorders within the 156 

literature(22). The themes ―diagnosis,‖ ―bone-scintigraphy,‖ ―condylar hyperplasia,‖ 157 

―management,‖ and ―condylectomy‖ were located within the basic themes cluster. This finding 158 

indicates that these are research themes with a high degree of centrality and demonstrates that 159 

radionuclide imaging methods are important not only for diagnostic purposes but also in relation 160 

to surgical treatments(25, 26).The placement of the terms ―CT,‖ ―PET,‖ ―scintigraphy,‖ 161 
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―tomography,‖ ―mandibular condyle,‖ and ―skeletal‖ within the niche themes cluster indicates 162 

that hybrid and advanced radionuclide imaging methods are concentrated around specific 163 

research areas in temporomandibular joint imaging(27).The positioning of the terms 164 

―osteochondroma‖ and ―orthognathic surgery‖ within the emerging/declining themes cluster 165 

indicates that these areas have been investigated to a limited extent in the literature but represent 166 

specific research topics that are important in terms of particular clinical applications(28, 29). 167 

 Evaluation of the Thematic Evolution Analysis demonstrated that, during the early 168 

period, the terms ―bone scintigraphy,‖ ―scintigraphy,‖ ―growth,‖ ―mandibular condyle,‖ 169 

―rheumatoid arthritis,‖ and ―diagnosis‖ were prominent. This finding suggests that the research 170 

focus was directed toward the evaluation of temporomandibular joint growth activity and 171 

inflammatory joint diseases using scintigraphy. In later periods, the emphasis on the terms 172 

―condylar hyperplasia,‖ ―bone scintigraphy,‖ and ―mandibular asymmetry‖ indicates that the 173 

research field became concentrated on the assessment of temporomandibular joint metabolic 174 

activity and the evaluation of facial asymmetry. The presence of the terms ―diagnosis‖ and 175 

―scintigraphy‖ in both periods demonstrates that the evaluation of the temporomandibular joint 176 

through scintigraphy has remained a long-standing focus of research. 177 

 The limitations of this study include the creation of the dataset through searches 178 

performed only in the WoSCC database using English-language terms. However, the fact that 179 

English is the most widely used language in the literature and that the WoSCC database has high 180 

indexing standards increases the reliability of the study. 181 

Conclusion: In conclusion, the obtained data demonstrated an increase in annual scientific 182 

production. Overall, the literature was found to be mainly concentrated on temporomandibular 183 

joint hyperplasia and scintigraphy. Future studies are recommended to include search terms in 184 

different languages and to incorporate different databases. 185 
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