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Background: Testicular torsion is an acute scrotal disorder requiring immediate emergency treatment. Ischemic injury and reperfusion injury are important causes of oxidative stress and irreversible oxidative damage after testicular torsion. Although a large number of literatures have discussed the causes and treatment of testicular torsion, there is currently a lack of systematic exploration of the historical evolution of testicular torsion and the construction of a knowledge framework.



Method: The Web of Science Core Collection was searched for studies on testicular torsion published between 2000 and 2022. The basic data of the literature were analyzed by using Excel and CiteSpace software.



Result: A total of 1,007 publications on testicular torsion published were found in 64 countries between 2000 and 2022, with an increasing annual publication level. Early detection, early diagnosis and early treatment of testicular torsion had always been at the core of clinical practice, and the pathological cascade reaction of ischemic injury and ischemia-reperfusion injury after testicular torsion were also at the core of basic research. Emphasis had been placed on the development of protective drugs for ischemia and reperfusion after testicular torsion in various countries, regions and institutions.



Conclusion: Over the past 20 years, the research on testicular torsion had been widely concerned. Hot topics in testicular torsion in recent years were ischemia-reperfusion injury, oxidative stress, rat, doppler ultrasonography, diagnosis and orchiectomy. This article may provide a useful resource for clinicians and basic researchers regarding testicular torsion.
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1. Introduction

Testicular torsion, the twisting of the spermatic cord and its contents, is a urological emergency (1). The patient mainly had acute scrotal pain on the affected side, accompanied by nausea and vomiting (2). Strict physical examination can reveal the high-riding testis and absent cremasteric reflex (3). Color doppler ultrasonography can point out the reduction or even disappearance of the testicular blood flow signal (4). Once testicular torsion was considered, scrotal exploration was required to clarify the cause. The chance of testicular salvage after testicular torsion decreases with increasing degree of torsion and duration of symptoms (5). The optimal time for testicular salvage is within 6 h (6). Even immediate surgical treatment without preoperative imaging exploration was required to increase the success rate of testicular salvage (7). Although early surgical intervention increases the likelihood of testicular salvage, only 32% of testes can be salvaged, and almost all patients with testicular torsion undergoing salvage surgery experienced varying degrees of testicular atrophy postoperatively (8, 9). In addition, among boys undergoing testicular torsion surgery, the orchidectomy rate was 42%, and experimental data showed that children aged 1 to 9 years were at higher risk of orchidectomy (7, 10). Currently, testicular torsion had been shown to cause a long-term decline in sperm motility and a reduction in the total number of sperm, which caused great harm damaging to the families of children with testicular torsion (11). With the improvement of people's awareness of testicular torsion, the early detection, diagnosis and treatment of testicular torsion had been widely responded by people(12). Basic researchers were also actively establishing rat model to develop a variety of drugs to protect ischemia-reperfusion injury after testicular torsion, such as erythropoietin receptor agonists, antioxidants, calcium channel blockers, and inflammation modulators etc (13).

CiteSpace, a free tool often used for bibliometric analysis, may provide more insights than traditional literature reviews (14). We aimed to use CiteSpace to provide the historical evolution of testicular torsion and build its relevant knowledge map, then analyzed the main research countries, institutions, key articles and keywords, so as to understand its development in the past 20 years and predict its future direction, and finally provided ideas for further research.



2. Data collection and research methods


2.1. Data source and collection

On November 10, 2022, we searched the Web of Science Core Collection (WoSCC) for relevant articles in the field of testicular torsion from 2000 to 01–01 to 2022–11–01. SCI-EXPANDED, CPCI-S, CPCI-SSH, BKCI-S and BKCI-SSH were used as data sources, and the publication type was limited to “article”. The main search terms were set as “spermatic cord torsion”, “twisting of the spermatic cord”, “torsion of testicular cord”, “testicular torsion”, and “pediatric testicular torsion”. Detailed search strategies were described in the supplementary materials. The two authors (SH and MG) independently searched for relevant literature in the WoSCC database, then downloaded and saved the retrieved literature in the format of “full record with cited references” for literature screening, and finally obtained 1,007 literature as a sample for visual analysis.



2.2. Research methods

CiteSpace was a visualization software for bibliometric analysis based on the Java platform developed by Professor Chaomei Chen. It was an interactive analysis tool for analyzing basic indicators of literature including country, journal, institution, keyword and co-citation of references. It can capture keywords with strong citation references, and assist in the scientific visualization tasks (15). The CiteSpace software version used was 6.1.R3 (64-bit) in this study. The parameters set as follows: the date was set from January 2001 to November 2022 (each slice is 1 year), select all options in term source, select one node type at a time, and select TOP50 or TOP30 as the standard, and other setting items as default values. Nodes and linear connections were used to generate a visual knowledge map. Each node in the map represents an element to be analyzed, such as the cited countries, institutions, or authors. The size of the nodes represented the frequency of citations, and nodes of different colors represented different years. Linear connections between nodes were considered as co-occurrence or co-citation relationships, and the thickness of the line meant the strength of the relationship. The colors corresponded to the first co-occurrence or co-citation time of the nodes, and warmer colors represented the closer time.

Microsoft Office Excel 2016 (Microsoft, Redmond, Washington, United States) was used to process data and generate statistical charts.




3. Result


3.1. Quantitative analysis of basic information


3.1.1. Annual growth trends in publications

A search of the WoSCC database yielded a total of 1,007 articles on research in the field of testicular torsion published between January 2000 and November 2022. As shown in Figure 1, the number of published papers in 2002 was the least (n = 17, 1.69%), while the number of published publications in 2021 was the largest (n = 100, 9.93%) within the time limit of retrieval. In addition, the number of published documents in 2022 was 65, which slightly decreased compared with the previous year. This may be related to the fact that only 10 months of articles were counted in 2022, and the annual average number of published articles was 44. Overall, the average number of articles published annually showed an upward trend, except for a small decrease in some individual years between 2000 and 2021, indicating that this research was one of the current hot spots in urology and was still evolving.
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FIGURE 1
Time sequence of relevant papers on testicular torsion published from 2000 to 2022 in Web of science.




3.1.2. Country/region analysis

According to the numbers of published literature, we drew the national distribution map and histogram shown in (Figure 2A) and (Figure 2B). The merged network consisted of 64 nodes and 118 linear connections. The nodes and linear connections between them revealed the national and regional cooperative relationships, respectively. In the past 20 years, 64 countries and regions had published a total of 1,007 documents. The top 10 countries (4 European countries, 3 Asian countries, 1 North American country and 1 South American country) published a total of 796 articles, accounting for 79.05% of the total articles. On the contrary, other countries and regions were less involved. The top 3 countries and regions were Turkey (n = 274, 27.21%), the United States (n = 211, 20.95%) and China (n = 74, 7.35%). Although Turkey had the largest number of published literatures, the United States had cooperated with more countries, such as Britain, France, Germany and Italy in Europe, Japan, China and Iran in Asia, as well as Australia. Comparatively speaking, China had cooperated with relatively few regions, mainly Belgium and Taiwan (China). According to the burst analysis shown in Figure 2C, the research on testicular torsion first became a hotspot in Israel during 2001–2007, and then since 2017, the research on testicular torsion had gradually increased in Egypt, Iran, and China as shown in Figure 2D.
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FIGURE 2
Analysis of countries engaged in research on testicular torsion. (A) The distribution of countries in terms of publications. (B) The top 10 most productive countries. (C) Countries with periods of burst from 2000 onward among the top 4 burst countries in articles related to Testicular Torsion. (D) Network diagram showing countries links.




3.1.3. Institutional analysis

The ranking of institutional published volume is shown was Table 1, the top 3 were Tehran University Academy of Medical Sciences (n = 22, 2.18%), Karadeniz Technology University (n = 17, 1.69%) and Dicle University (n = 16, 1.59%). Tehran University Academy of Medical Sciences published the most papers, but the average year of publication was earlier; In recent years, the University of Health Sciences from Turkey (n = 14, 1.39%) had published more papers. Furthermore, Karadeniz Technology University and Dicle University, which ranked 2nd and 3rd, were both from Turkey, which illustrated that the research enthusiasm in Turkey on testicular torsion had been continuing.


TABLE 1 Ranking of the number of articles published by institutions.
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As the graph shown in Figure 3A, cooperation among institutions was more extensive than that between countries. The most productive institutions, Tehran University Academy of Medical Sciences, worked with Iran Medical University, Urmia University of Medical Sciences, Tehran University of Medical Sciences, University of British Columbia, Tabriz University of Medical Sciences. Among them, Iran University of Medical Sciences and Tehran University of Medical Sciences cooperated closely with Tehran University Academy of Medical Sciences.


[image: Figure 3]
FIGURE 3
Analysis of institutions involved in research on testicular torsion. (A) Network diagram showing institutions links. (B) Institutions with periods of burst from 2000 onward among the top 6 burst institutions in articles related to Testicular Torsion.


Institutional burst analysis found that Boston Children's Hospital, Hacettepe University, University of Messina and other famous foreign institutions had led the research on testicular torsion in the past. In recent years, the influence of Trakya University had gradually increased. The two burst institutions were from Iran and Turkey, which showed that the research on testicular torsion in recent years had been relatively popular in these countries shown in Figure 3B.



3.1.4. Analysis of authors and co-cited authors

More than 3,400 researchers have participated in studies related to testicular torsion. Among them, the three most prolific authors were Ahmad Reza Dehpour (n = 16), Carmelo Romeo (n = 12) and Ahmet Mentese (n = 12). As shown in Table 2, TURNER TT (n = 220) ranked 1st among the top 10 co-cited authors, followed by LYSIAK JJ (n = 155) and Danilo Wilhelm Filho (n = 148). Figure 4 showed the relationship between authors and co-cited authors. A node represented an author, and the size of the node represented the number of published articles. The larger the number of published articles, the larger the node. A few authors cooperated frequently with other authors, such as the Italian author Ahmad Reza Dehpour, who had a larger number and thicker connections with his surrounding authors, which showed that good cooperation may be of great help to obtain more results.
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FIGURE 4
Analysis of authors and co-cited authors involved in research on Testicular Torsion. (A) Network diagram showing authors links. (B) Network diagram showing co-cited authors links.



TABLE 2 The top 10 authors and co-cited authors involved in research on Testicular Torsion.
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3.2. Progress on testicular torsion based on literature analysis

Literature co-citation meant that if two or more articles were cited by one or more papers at the same time, then the two articles were regarded as a co-citation relationship. This relationship can be expressed as the connection between nodes in the graph, which can mine the content of common interest in the literatures and measure the closeness between two articles (16). Citation burst analysis can identify and track publications with strong citation growth characteristics. This surge meant that an article had been quickly cited in the past few years, marking a new turning point in the dynamics of research fields and knowledge (17). We can find the important literature to discover the key content of testicular torsion in the past 20 years.


3.2.1. Analysis of literature co-citation and burst

Among the literatures we retrieved, CiteSpace software was used to the co-citation analysis to generate the top 10 most cited references as shown in Table 3 and the top 30 burst references as shown in Supplementary Figure S1. According to the chart, the figure showed that the first burst of reference began in 2004. The article titled Spermatic cord torsion, reactive oxygen and nitrogen species and ischemia-reperfusion injury concluded: oxidative stress and irreversible oxidative damage caused by ischemia hypoperfusion and ischemia-reperfusion injury caused by prolonged blood supply insufficiency played a major role in testicular torsion (18). And this article was the most cited, and its burst ranked 1st, which showed that in the past 20 years, peer researchers had determined the important position of research on ischemia hypoperfusion and ischemia-reperfusion injury after testicular torsion, and determined the basic direction for future research. The literature titled Management of acute scrotum in children: a 25-year single center experience on 558 pediatric patients ranked 2nd in terms of citations, and also ranked 2nd in burst, which concluded that immediate medical attention and early scrotal exploration in acutely scrotal patients reduced the risk of misdiagnosis of testicular torsion and increased the likelihood of testicular preservation (19). The literature titled Testicular torsion-detorsion and potential therapeutic treatments: A possible role for ischemic postconditioning ranked 3rd in terms of citations, and also ranked 3rd in burst, which described several potential drugs to reduce testicular damage in the ipsilateral and contralateral testis during surgical correction of testicular torsion, but further clinical trials were needed before formal clinical application (20). It was worth noting that nine of the frequently cited articles were published within the past 10 years, indicating that the research results on testicular torsion in recent years have received extensive attention from peer researchers and may still be at the core of future research.


TABLE 3 Ranking of the number of the cited references.
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From the burst time of these 30 publications, the research on testicular torsion ischemia-reperfusion injury in the past 20 years had carried out the whole course of testicular torsion study. Among them, a total of 11 publications were biased toward basic research, which focused on establishing rat model of testicular torsion and further exploring the mechanisms by which testicular torsion-de-torsion (ischemia-reperfusion) injury triggered the production of reactive oxygen species (ROS), proinflammatory cytokines, neutrophil recruitment, lipid peroxidation, hypoxia, and apoptosis and the mechanisms by which various drug applications aggravated or mitigated testicular torsion (20).

The literature on basic research 10 years ago primarily described factors aggravating testicular torsion, such as 1) activation of TNFα and IL-1β and JNK pathways with e-selectin expression and neutrophil recruitment to the testis involved in testicular ischemia-reperfusion (21); 2) elevated NO levels likely promoted peroxynitrite production involved in post-ischemic perfusion deficit and ischemia-reperfusion injury in testicular torsion (18); 3) reactive oxygen species (ROS), activated mitogen-activated protein kinases (MAPKs), PPAR β/δ receptors, induced transcription factors and growth factors including NF- κ B and VE GF were closely associated with damage triggered by the ischemia reperfusion program (22). In contrast, the literature on basic research in the past 10 years had focused on factors protecting against testicular torsion. For example, 1) administration of nifedipine before torsion decreased ipsilateral testicular malondialdehyde levels indirectly elevating superoxide dismutase and glutathione peroxidase activities that prevented testicular tissue ischemia/reperfusion cell injury (23); 2) administration of melatonin resulted in a significant decrease in ipsilateral testicular lipid peroxidation and enzyme activity favoring protection against testicular torsion (24); 3) N-acetylcysteine, hydroalcoholic extract of Fumaria minor, and aminophene sulfone administered during ischemia/reperfusion (I-R) counteracted testicular torsion (25–27); 4) Application IPostC may inhibit the expression of mitogen-activated protein kinase, inflammatory cytokines (IL-6 and TNF-a) and NF-KB, enhanced the expression of IKB-a and reduced histological damage to the testis by I-R, and may also reduce tissue ischemia by reducing the sudden production of ROS during ischemia-reperfusion through gradual reperfusion (20). The above content showed that the basic research in the past 10 years preferred the protection of ischemia-reperfusion injury and developed drugs or chemicals for the clinical treatment of testicular torsion. In addition, a total of 19 burst publications were biased towards clinical studies, and almost all of the literature emphasized the importance of early diagnosis, early treatment, and early intervention for testicular torsion (6, 7, 28, 29)., etc. An article published in 2003 highlighted the role of education in the general population in the early detection of testicular torsion and, more importantly, in improving its prognosis (28). Two articles had emphasized that early rigorous physical examination can reduce the risk of misdiagnosis of testicular torsion (6, 30). Meanwhile, relevant literature pointed out that color ultrasound examination indicated the existence of intravessticular blood flow, and manual reduction of reversed testes was still needed (31). Sheth KR et al. established the The TWIST (Testicular Workup for Ischemia and Suspected Torsion) score, with parameters including testicular swelling, hard testis, no testicular reflex, nausea/vomiting and high riding testis, indicating that high-risk patients should undergo immediate surgical exploration and further imaging studies should not be performed (7, 8). In general, in the past 20 years, the literature on testicular torsion had shown the phenomenon of common progress between basic experiments and clinical research. Scientists in this field had jointly participated in the study of the early detection, early diagnosis, early treatment, and the protection of ischemia and reperfusion after testicular torsion. In general, in the past 20 years, the literature on testicular torsion had shown the phenomenon of common progress between basic experiments and clinical research. Scientists in this field have jointly participated in the study of the early detection, early diagnosis, early treatment, and the protection of ischemia and reperfusion after testicular torsion.




3.3. Progress on testicular torsion based on keyword analysis

Keywords were words or phrases that reflected the characteristics of a paper. Based on the CiteSpace software, the keyword co-citation analysis can be used to understand the research hotspots and emerging trends of testicular torsion, as well as the keyword burst analysis to understand the frontier fields (32). In this study, we used the CiteSpace software to generate the keyword map of the testicular torsion research, and further explored the historical evolution of the hot spots in this field.


3.3.1. Analysis of keyword frequency

Keyword visualization analysis of the literature on testicular torsion from January 2000-November 2022 was performed using CiteSpace software, the parameters were set as follows: 1. time slice was 1 year, 2. each slice selected top30 keywords, 3. merged similar keywords such as testicular torsion, spermatic cord torsion, testicular torsion-detorsion, ischemia reperfusion injury, ischemia/reperfusion, ischemia-reperfusion injury etc. Finally, the Pathfinder Network method was used to obtain Table 1. As the Supplementary Table S1 showed, the top 30 hot keywords word frequency was more than 25 times. The most frequent keyword was “testicular torsion”, with a frequency of 700 times, followed by “ischemia reperfusion injury”, with a frequency of 235 times. Other keywords with high frequency included “acute scrotum”, “children”, “oxidative stress”, etc., which suggested that “testicular torsion”, “children”, “diagnosis”, “color doppler sonography”, “orchiectomy” were the most important components for the development of acute scrotal studies, “ischemia reperfusion injury”, “oxidative stress “ischemia reperfusion injury”, “oxidative stress”, and “blood flow” and “spermatogenesis” were very important mechanisms to study in testicular torsion.



3.3.2. Analysis of keyword cluster and burst

The effect of the graph drawn by CiteSpace software can be measured by Q value and S value. Q-value referred to Modularity, which generally considered that the cluster structure generated is significant with Q > 0.3. And the S-value referred to Silhouette, and clustering is generally considered to be reasonable with S > 0.5, S > 0.7 indicated that clustering is efficient and convincing. The visualization map analysis yielded 9 major keyword clusters, as shown in Figure 5, with Q value = 0.8073, indicating significant clustering structure and good clustering effect. The value of S = 0.9265, which was not only much larger than the critical value of 0.5, but also larger than 0.7, indicating that the clustering results were convincing. The high-quality cluster results were helpful to further analysis the general characteristics and development trend of testicular torsion. The main cluster table of the top 14 keywords related to testicular torsion was drawn by keyword cluster analysis and showed as Supplementary Table S2, and the results we obtained were also convincing with S > 0.7. The size of the first 14 clusters is all over 30. The maximum cluster had 53 members, labelled as acute scrotum, and its main keyword was acute scrotum; ischemia-reperfusion injury; testicular torsion; detorsion; tissue; diagnosis, which also explained the importance of testicular torsion in acute testis. The remaining label clusters were successively “oxidative stress” (n = 47), “expression” (n = 45), “acute scrotum” (n = 42), “testicular trauma” (n = 41), “male infertility” (n = 40) and so on.
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FIGURE 5
Analysis of keyword cluster map in testicular torsion study. (Timespan: 2000–2022; Slice Length: 1; Selection Criteria: Top 30 per slice; Network: N = 692, E = 2037; Density: 0.0085; Largest CC:651; Nodes Labeled:1.0%; Pruning: Pathfinder; Modularity Q:0.8073; Weighted Mean Silhouette S:0.9265).


Color doppler ultrasound was mentioned in clusters #3 and #4 indicating its indispensable auxiliary examination in clinical application and its importance in early detection of testicular torsion. The option of surgical exploration and even unilateral orchidectomy in patients with testicular torsion were mentioned repeatedly in #3, #12, and #15, which again argued that the necessity of surgery when patients were considered to testicular torsion, even when auxiliary examination was helpful to rule out the possibility of testicular torsion (7). In addition, we found that all of these 14 clusters appeared during the 2000–2010 period, illustrating that research on testicular torsion is more advanced within the last decade than it was 10 years ago. Therefore, peer researchers were needed to conduct in-depth analysis of the causes, and to initiate new studies on testicular torsion to help clinicians in their medical work. According to keyword co-citation analysis, CiteSpace software was used to generate the top 30 keywords with the strongest citation burst as shown in Figure 6. We found that the strongest burst keyword was “oxidative stress”. Similar to other organs, torsion damage of testis was closely related to oxidative stress, and the free radical oxidation of free lipids and cholesterol in cell membrane and lipoprotein is called lipid oxidation, which played an important role in ischemia-reperfusion. The keyword “oxidative stress” had burst from 2018 to the present and will continue to play a vital keyword role in the future (18). “Orchiectomy” was the second ranked keyword for burst. Considering the consultation time and misdiagnosis of patients with testicular torsion, which led to a relatively high selectivity of about 42% for orchiectomy in scrotal exploration, this might be one of the reasons for the popularity of this keyword (7, 10, 33).


[image: Figure 6]
FIGURE 6
The top 30 keywords sorted by the beginning year of burst.


The burst time of “prepubertal”, “rat” and “rat model” lasted throughout the 20 years, meant that basic research on testicular torsion is very close to rats, which showed that the researcher was good at establishing the rat testicular torsion model to monitor the changes of “nitric oxide synthase”, “antioxidant” and “allopurinol” and so on in testicle ischemia-reperfusion to estimate their potential clinical value.





4. Discussion

In this study, we searched for articles on testicular torsion between 2000 and 2022, all of which were obtained from the Web of Science database. After our selection, we got 1,007 English literatures that had been published all over the world. Subsequently, CiteSpace was used to perform analysis on the basic indicators and burst keywords in the literature in this field, so as to achieve quantitative and visual evaluation. The results of a bibliometric analysis of testicular torsion over the past 20 years were as follows. In summary, the number of articles published in this field was on an increasing trend, demonstrating that the research on testicular torsion was gradually getting attention. However, attention had not been particularly high, which may be related to the low incidence of testicular torsion (34). According to the analysis of countries and regions, the top 10 countries and regions published articles accounting for 79.05% of the total published articles, indicating that these countries and regions participating in the research in this field were mainly concentrated in a few countries, while other countries and regions had little participation. The United States, Turkey, China were the major countries in the study of testicular torsion. They each had their own cooperative countries and regions, but there was a lack of cooperation among these major countries. The institutional analysis found that institutions from Turkey ranked highly in both publication production and burst analysis, indicating the continuing popularity of testicular torsion research in Turkey.

And most institutions were mainly concentrated in universities, while a few were concentrated in hospitals. Many countries and multiple institutions should strengthen exchanges and cooperation, and different regions and different disciplines should also exchange and share the research results of testicular torsion to promote the continuous progress of this study. The most prolific author was Ahmad Reza Dehpour researcher from Italy, while TURNER TT was the most cited American author, both of whom had made outstanding contributions to the development of testicular torsion. The author Ahmad Reza Dehpour focused mainly on the study of ischemia-reperfusion after testicular torsion in a rat model. And he showed that metformin may play a major role in the cytoprotective effect of reducing oxidative stress and apoptosis by establishing experiments in a rat model of testicular torsion (35). Moreover, he also found that modafinil reduces testicular ischemia-reperfusion injury to have a protective effect against testicular torsion in rats. In addition, the author Turner TT focused on molecular apoptotic pathways in germ cells after acute ischemia in the rat testis. He found that germ cell apoptosis after testicular ischemia/reperfusion in rats is triggered by mitochondria-associated molecules Bax as well as Fas-FasL interactions (36). And he revealed that the mitochondrial cystatin-9-dependent pathway mediates testicular torsion germ cell specific apoptosis, providing a broader context for the development of therapeutic interventions to rescue testicular function (37).

Through the co-citation analysis of the literature, we found that the theme of the burst literature in the past 20 years was still the early detection, diagnosis and treatment of testicular torsion, and the ischemia-reperfusion injury after testicular torsion was still the focus of basic researchers. On the one hand, clinicians had developed testicular torsion scores to assist in the differential diagnosis of acute testicular patients (38). They also calculated the formula derived from the duration of symptoms and the degree of twisting to determine the viability of the torsion testis, to preliminarily judge the testicular salvage rate of testicular torsion (5). The literature also suggested improving the prognosis of testicular torsion by educating the general population, which we also believe is a viable approach (28). On the other hand, basic researchers had focused on exploring the pathophysiological mechanisms of ischemia-reperfusion injury after testicular torsion and developing drugs or chemicals related to the aggravation or mitigation of testicular torsion. Although related drugs or chemicals can improve the prognosis of testicular torsion, they were limited to rat model of testicular torsion and were still a long way from real clinical application, and more research was needed for clinical translation in the future. Keyword analysis allowed us to identify research priorities in the field over the past 20 years, the most frequent keywords related to testicular torsion were “testicular torsion” and “ischemia reperfusion injury”, the main cluster labels were “acute scrotum” and “oxidative stress”, and the keywords with the strongest burst were “oxidative stress”, “risk”. These indicated that the hotspots of research on testicular torsion were clustered in the direction of ischemia-reperfusion injury and oxidative stress, and we believed that these aspects will remain central in future research. The current “gold standard” examination and treatment for testicular torsion was an emergency scrotal exploration to untwist the testicle (39, 40). However, findings during scrotal exploration might vary and might be ambiguous, meaning that the surgeon needs to make a series of potentially complex intraoperative decisions (41). There was no high-quality evidence on scrotal exploration decision-making and conduct. A systematic evaluation included 182 studies and 3 patients detailing different surgical techniques, highlighting the lack of strong evidence to support any specific approach for short-term complications or long-term outcomes such as reversal, fertility, or patient-reported outcomes (42). Furthermore, any specific surgical technique or decision-making process was not currently recommended according to the EAU (The European Association of Urology) Guidelines on Paediatric Urology (1). However, timely recognition and treatment were necessary for testicular salvage, and torsion must be excluded in all acute scrotal patients (7). In addition, considering the low age of onset, the high rate of misdiagnosis and the serious adverse consequences of damaging spermatogenesis, more research needed to be devoted to testicular torsion to improve the success rate of testicular salvage (7, 11, 34). To our knowledge, this study was the first bibliometric analysis focusing on research on testicular torsion. This article explained the historical evolution of the field and explored its hotspot areas by downloading the WoSCC database literature and constructing multiple knowledge maps of testicular torsion using CiteSpace.

However, there were some limitations regarding this study. First, we only downloaded and analyzed English articles indexed in the Web of Science database, excluding non-English articles, other types of literature, and relevant articles not indexed in the WoSCC database. Therefore, some artificial biases may lead to incomplete results. More databases were needed in the future, and even some non-English literature can be introduced to participate in the analysis. The problem of information overload made it difficult for people to obtain valuable information. Bibliometrics is a mature literature analysis and information mining method, which has obvious objectivity and advantages in quantitative and modeling macro research. It takes the external characteristics of scientific literature as the research object, and studies the distribution structure, quantitative relationship and changing law of the literature (43). Compared with traditional reviews, bibliometric research can investigate more data to maintain a high degree of rigor, scientific soundness, transparency and replicability (44, 45). CiteSpace, as a tool for bibliometric analysis, could be used frequently for many previous data visualization and analysis work by downloading relevant literature from specific databases (46). In addition, it could quickly discover the research trajectory, current hot research and frontiers of a field, which would help researchers to quickly and comprehensively understand the development of the field and determine the research direction (47, 48). Therefore, we still believed that this study can be used to describe the general situation and trends in this field from 2000 to 2022, and to provide ideas for subsequent in-depth studies.



5. Conclusion

Our results suggested that since 2000, a large number of high-quality literature on testicular torsion had been published, and the depth and breadth of research were gradually expanded. With the help of information visualization through analysis by CiteSpace software, we had identified research hotspots and priorities in the field, and predicted research trends and provided reference information for future researchers. We believed that the number of countries and regions involved in this research will continue to increase, and there will be closer cooperation between countries and institutions. The research forms of basic experiments and clinical research will continue to diversify. The research topic continued to focus on the early diagnosis and treatment of testicular torsion. In addition, protection of ischemia-reperfusion after testicular torsion will continue to be explored.
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