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RESUMEN. 
La patología digital (DIPA) se ha convertido en una disciplina efectiva que genera un entorno 
gráfico para diagnosticar e interpretar la información patológica de las personas. Al analizar 
la literatura existente sobre DIPA, se produjo una brecha de conocimiento al no informar un 
estudio que ha analizado bibliométricamente las publicaciones sobre el tema. El objetivo de 
este estudio es analizar la producción científica y el rendimiento alcanzado por el término 
patología digital en la base de datos de Web of Science (WoS). Para ello, se ha llevado a 
cabo una metodología basada en la bibliometría, complementada con la técnica de mapeo 
científico para buscar, registrar, analizar y predecir la literatura científica sobre el estado de 
la cuestión. Hemos trabajado con una unidad de análisis de 1222 documentos reportados 
desde la base de datos de WoS. Los resultados muestran que no hay un tema de 
investigación en el campo de estudio de DIPA que se destaque del resto. Se puede observar 
una brecha conceptual en el desarrollo temático, dado que no hay un tema que se repita en 
todos los periodos, donde las conexiones son más temáticas que conceptuales. Hay 
documentos clave para diferentes temas. Los temas principales han sido muy diferentes a lo 
largo de los años como la telepatología y la inteligencia artificial. 
 
PALABRAS CLAVE.  
Análisis bibliométrico; patología digital; mapeo científico; producción científica; Web of 
Science. 
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ABSTRACT. 
Digital pathology (DIPA) has become an effective discipline that generates a graphic 
environment to diagnose and interpret the pathological information of people. When analyzing 
the existing literature on DIPA, a knowledge gap was produced by not reporting a study that 
has bibliometrically analyzed the publications on the subject. The objective of this study is to 
analyze the scientific production and performance achieved by the term digital pathology in 
the Web of Science (WoS) database. For this, a methodology based on bibliometrics has been 
carried out, complemented by the scientific mapping technique to search, recorder, analyze 
and predict the scientific literature on the state of question. We have worked with an analysis 
unit of 1222 documents reported from WoS database. The results show that there is no 
research topic in the field of study of DIPA that stands out from the rest. A conceptual gap can 
be observed in the thematic development, given that there is no theme that is repeated in all 
periods, where the connections are more thematic than conceptual. There are key documents 
for different topics. The main themes have been very different over the years like telepathology 
and artificial intelligence. 
 
KEY WORDS.  
Bibliometric analysis; digital pathology; scientific mapping; scientific production; web of 
science. 
 
1. Introduction. 
When we speak of digital pathology, we are referring to one of the branches of pathology 
(Fauzi et al., 2019), specifically that related to the management of data collected from 
information obtained through digital devices (Tavolara et al., 2019). For this purpose, it makes 
use of digital technologies, oriented in digital microscopes (Zaidi et al., 2019). These devices 
allow to visualize, manage, share and analyze the acquired data (Saxena and Goyal, 2019). 
Currently, digital pathology is booming in the field of medicine, specifically in diagnosis, with 
the intention of predicting diseases efficiently and cheaply (Majo et al., 2019). 
Histopathology has played a significant role in providing a definitive diagnosis of the 
specimens, which provide important information for the clinical management of the patients. 
Conventionally, the process is done by microscopic methods and then examined by 
institutional or local pathologists. Digital pathology is making a paradigm shift in the whole 
process, it is a dynamic, image-based environment that enables the pathology information 
being acquisited, managed, shared and interpreted from a digitized glass slide. All this has 
caused great pressure in the diagnostic histopathology departments, to incorporate digital 
pathology as an indispensable diagnostic technology (Williams et al., 2019). 
First of all, simple image acquisitions have now advanced to high-resolution, quantitative 
digitized whole-slide images (WSI) of tissue, which is virtual microscopy. It is well reported 
that there is a high diagnostic concordance between WSI and glass slides (Baidoshvili et al., 
2018). Then the WSI can be further analyzed in a wild spectrum, for example, telepathology 
for discussing the diagnosis and interpretations with experts in the world, showing slides at 
tumor boards (Klimov et al., 2019).  
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Digital pathology is rapidly gaining momentum as a proven and essential technology, including 
the primary diagnosis, diagnostic consultation, intraoperative diagnosis, medical student and 
resident training, manual and semi-quantitative review of immunohistochemistry, clinical 
research, diagnostic decision support and peer review. Digital pathology uses algorithms for 
the treatment of images obtained to be evaluated by computers that have specific software 
for this action (Mukundan, 2019). 
With the aid of archival of pathology data, huge data can be acquired for big data analysis in 
using artificial intelligence (AI), machine learning and automation (Benke and Benke, 2018). 
The image data can be transformed into numerous features, pattern recognization and 
biomarker identification can be implemented. In digital pathology, hand-crafted feature-based 
methodologies shifted to AI-based feature management, mining of subvisual morphometric 
phenotypes is plausible. In this way, clinical, genomic and radiologic data of a patient being 
incorporating to predict the accuracy in diagnosing a disease. Both artificial intelligence and 
deep learning are increasing their incidence in health care with the intention of improving 
reporting and obtaining results in the clinical practices carried out (Bizzego et al., 2019). 
With the support information technology infrastructure, staffing, and training, digital pathology 
has the potential to improve, treatment decisions, patient care, reduce the risk, streamline the 
pathology workflow in a more efficient, scalable and productive manner. However, in order to 
maintain high quality control, validation and standardization should be in place (Zwanenburg 
et al., 2020).  
Digital pathology is also complemented by the application of digital holography to obtain 
cellular graphic information and have pertinent quantitative information for diagnosis 
(Norazman et al., 2019). Advances in digital pathology offer the possibility of analyzing slides 
of diseased tissue in order to report valuable information that allows the diagnosis and 
prognosis of people to be carried out (Naylor et al., 2018). 
This research analyzes the term “digital pathology” (DIPA) in the scientific literature indexed 
in the Web of Science (WoS) database. This study has been developed through a scientific 
mapping, taking into account a series of bibliometric indicators, as well as a development of 
the structure and dynamism of the concept presented. To follow a model accepted by the 
scientific community, the analytical structure of previous studies taken from the Journal 
Citation Reports (JCR) has been followed (López-Belmonte et al., 2020). 
The purpose of this study is to publicize the evolution of DIPA in the various publications 
registered in the main WoS collection. This is justified in the gap found in the scientific 
literature on the state of the question, in whose production there is no study analyzed with this 
bibliometric technique of documentary analysis. Therefore, this research focuses on the 
exploration of a field of knowledge in order to offer the scientific community new findings on 
the delimited construct. All this involves an advance in science, in addition to satisfying the 
need for knowledge of researchers focused on this topic of study. 
The objectives of the present study focus on: a) To determine the performance of scientific 
production on DIPA; b) To know the scientific evolution of DIPA; c) To find out the most 
incidental issues about DIPA; d) To discover the most influential authors in DIPA. 
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2. Materials and Methods 
2.1 Research Design 
Bibliometry has been used as a research methodology to approach this study and achieve the 
formulated objectives. This methodological branch is based on the potential of scientometrics, 
in everything related to the search, registration, analysis and prediction processes of 
academic literature. This work has been developed following the guidelines of experts in this 
study method (Carmona-Serrano et al., 2021; López-Belmonte et al., 2019; Moreno-Guerrero 
et al., 2020; Rodríguez-García et al., 2019). 
Specifically, this research has been based on an analysis of co-words and various bibliometric 
indicators and indices (h, g, hg, q2) (López-Núñez et al., 2020; Soler-Costa et al., 2021). This 
will give rise to a set of maps with nodes that will establish the performance and location of 
subdomains of the constructs connected to DIPA. 
 
2.2. Procedure and Data Analysis 
This research has materialized in various processes (Carmona-Serrano et al., 2020; López-
Belmonte et al., 2021): 1-Choice of the database to analyze (WoS); 2-Determination of the 
keywords to consider (digital pathology); 3-Elaboration of the search equation (“digital 
pathology”); 4-Selection of search bringing together the TOPIC process to report documents 
that had the concept to be analyzed in the metadata alluding to title, abstract and keywords. 
This produced a first data report of 1322 publications. The concept of DIPA was found for the 
first time in the scientific literature in 1991.  
This study has included the analysis of a literary volume of 28 years (until 2019 inclusive). As 
exclusion criteria, the publications relating to 2020 (n = 51) have been deleted as the calendar 
year has not ended. Similarly, improperly indexed or repeated documents have been deleted 
(n = 49). This results in a final analysis unit of 1222 documents. These actions have been 
reflected in the following flow diagram, taking into account the protocols of the PRISMA-P 
matrix (Figure 1) (López-Belmonte et al., 2021; Segura-Robles et al., 2020). 
 

 
Figure 1. Flowchart according to the PRISMA Declaration. 
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Furthermore, this production volume is derived from the application of certain production 
indicators and inclusion criteria (year of publication = all production except 2020), for not 
having concluded the calendar year, in such a way that the production of that year would not 
be significant. To carry out the analysis of the structural and dynamic development, SciMAT 
has been used for an effective co-word analysis, in which the following phases have been 
carried out (López-Belmonte et al., 2020; Parra-González et al., 2020): 

• Recognition: in this phase the keywords of the documents are analyzed (n = 3681), a 
map of co-occurrence nodes is generated, a standardized network of co-words is 
developed, the most significant keywords are detected (n = 3507) and the most common 
themes and concepts are represented by means of a clustering algorithm (Moreno-
Guerrero et al., 2020). 

• Reproduction: at this time, a strategic diagram and a thematic network are made based 
on the principles of centrality and density. The graphs originating from this present four 
areas: upper right = motor and relevant issues; top left = rooted and isolated themes; 
bottom left = missing or booming issues; lower right = poorly developed and cross-cutting 
themes (López-Belmonte et al., 2020). 

• Determination: in this phase the evolution of the nodes spread over various periods or 
time intervals is analyzed. Five periods have been articulated in this study (P1 = 1991-
2011; P2 = 2012-2015; P3 = 2016-2017; P4 = 2018; P5 = 2019). However, for 
authorship, only a single period has been configured that has spanned its entire 
existence (PX = 1991-2019). To find the strength of association, the number of common 
keywords in the different periods is taken into account (Carmona-Serrano et al., 2021). 

• Performance: in this phase various production indicators configured with different 
inclusion criteria were applied (Table 1) (López-Belmonte et al., 2020). 

Table 1. Production indicators and inclusion criteria. 

Configuration Values 

Analysis unit Keywords authors, keywords WoS 

Frequency threshold 
Keywords: P1 = (2), P2 = (3), P3 = (2), P4 = (2), P5 = (2) 

Authors: PX = (6) 

Network type Co-occurrence 

Co-occurrence union value threshold 
Keywords: P1 = (2), P2 = (2), P3 = (2), P4 = (2), P5 = (2) 

Authors: PX = (3) 

Normalization measure Equivalence index 

Clustering algorithm Maximum size: 9; Minimum size: 3 

Evolutionary measure Jaccard index 

Overlapping measure Inclusion Rate 
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3. Results. 
In this study, a disparate evolution of the study theme is observed. Between the first period 
(1991-2011) and the second period (2012-2015), we can see a base established in the DIPA 
study, given that its coincidence index is high, but from 2015 onwards, in the three remaining 
periods, the level of coincidence drops, which shows new fields of study by the educational 
community (figure 2). 
 

 
 

Figure 2. Continuity of keywords between contiguous intervals. 

 
In the first period established (1991-2011), the topic with the highest bibliometric indicator is 
"telepathology", followed, at a great distance, by "breast-cancer". In the second period (2012-
2015), the theme with the largest bibliometric indicator is "digital-pathology", followed, at a 
fairly large distance, by "expression". In the third period (2016-2017), the theme with the 
largest bibliometric indicator is "breast-cancer", followed, at a short distance, by "surgical-
pathology". In the fourth period (2018), the theme with the highest bibliometric indicator is 
"cancer", followed at a very short distance by "whole-slide-imaging" and "pathology". In the 
last period, the theme with the highest bibliometric indicator is "artificial-intelligence"                  
(Table 2). 

Table 2. Thematic performance in DIPA. 

Interval 1991-2011 

Denomination Works h-index g-index Hg-index q2-index Cites 

Breast-cancer 8 7 8 7.48 9.9 313 

Telepathology 33 18 29 22.85 25.81 918 

Histopathology 4 4 4 4 12.17 90 

Cancer 8 6 6 6 15.68 315 

Prostate-Cancer 6 6 6 6 12.25 171 

Expression 4 4 4 4 7.21 52 

Diagnosis 3 3 3 3 10.25 199 

Interval 2012-2015 

Denomination Works h-index g-index Hg-index q2-index Cites 

In-situ-hybridization 17 11 16 13.27 15.91 666 

Surgical-pathology 26 14 23 17.94 19.8 805 

Expression 18 15 18 14.7 16.61 465 

Digital-pathology 101 50 37 27.2 28.98 1704 

Carcinoma 15 10 15 12.25 17.32 355 

Prostate-cancer 21 11 15 12.85 12.85 248 

Microscopy 13 6 10 7.75 16.79 346 
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System 8 6 7 6.48 8.49 225 

Phase-retrieval 3 3 3 3 7.55 86 

Prognostic-value 4 3 3 3 12.37 233 

Telecytology 3 3 3 3 5.48 40 

Interval 2016-2017 

Denomination Works h-index g-index Hg-index q2-index Cites 

Surgical-pathology 15 9 14 11.22 10.39 205 

Feature-stability 6 4 5 4.47 6.63 41 

Telepathology 13 8 12 9.8 9.8 160 

Breast-cancer 52 14 31 20.83 23.66 1019 

Inmunohistochemistry 14 8 11 9.38 10.2 130 

Pathology 15 7 12 9.17 9.17 167 

Cells 13 7 13 9.54 9.17 202 

Cancer 11 6 7 6.48 6.48 58 

Microscopy 12 4 5 4.47 5.66 41 

Histopathology 3 7 9 7.94 8.37 151 

Informatics 3 1 2 1.41 1.73 4 

Tumors 3 2 3 2.45 12.96 120 

Diagnostic-accuracy 3 3 3 3 5.2 26 

Interval 2018 

Denomination Works h-index g-index Hg-index q2-index Cites 

Laboratory-quality-center 9 4 7 5.29 6.32 73 

Expression 6 3 6 4.24 6 42 

Whole-slide-imaging 22 5 10 7.07 7.75 107 

Cancer 21 9 16 12 13.08 269 

Breast-cancer 14 4 10 6.32 9.17 103 

Pathology 10 5 8 6.32 7.42 70 

Image-analysis 13 3 6 4.24 5.48 49 

Deep-learning 12 4 10 6.32 13.56 143 

Prostate-cancer 6 4 5 4.47 4.47 26 

Virtual-slides 5 3 5 3.87 4.58 26 

Quantification 4 2 2 2 2.83 8 

Tumor-budding 2 1 1 1 1.41 3 

Interval 2019 

Denomination Works h-index g-index Hg-index q2-index Cites 

Artificial-intelligence 30 6 7 6.48 6.48 70 

Prognosis 13 3 3 3 3 14 

Whole-slide-images 9 2 2 2 2.83 11 

Classification 36 5 8 6.32 6.71 97 

Pathology 13 3 4 3.46 4.24 20 

Inmunotherapy 8 2 5 3.16 5.29 27 

Virtual-microscopy 8 2 2 2 2.83 12 

Diagnosis 7 3 4 3.46 4.58 26 

Expression 5 1 1 1 1.41 4 

Markov-random-field 2 0 0 0 0 0 

Camelyon 2 0 0 0 0 0 

Pathology-image 2 0 0 0 0 0 

Telecytology 3 1 1 1 1.41 3 

Progression 3 1 1 1 1 1 
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The analysis of the five periods, only one theme is observed that is repeated as the driving 
theme, as is the case of "surgical-pathology" in the second and third periods. In the rest of the 
periods, the themes vary constantly. In the first period (1991-2011), the motor themes are 
"breast-cancer" and "telepathology". In the second period (2012-2015), the driving themes are 
"in-situ-hybrization" and "surgical-pathology". In the third period (2016-2017), the driving 
themes are "surgical-pathology"; "pathology" and "immunohistochemistry". In the fourth period 
(2018), the only motor theme is "laboratory-quality-center". In the last period (2019), the 
driving themes are "artificial-intelligence" and "virtual-microscopy”. In the last period, the 
themes "progression" and "expression" should be kept in mind, given that they are located in 
the diagram as unknown themes, which may disappear or be considered as driving forces in 
the coming years (Figure 3). 
 

  
                                         (a)                                                          (b)                           
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                                       (c)                                                          (d)                           

 
(e) 

Figure 3. Strategic diagram by DIPA h-index. 
Note: (a) Range 1991-2011; (b) Range 2012-2015; (c) Range 2016-2017; (d) Year 2018;                                     
(e) Year 2019. 

 
3.1. Thematic evolution of terms. 
Analyzing the data offered by figure 4, it is established that there is a conceptual gap in the 
field of study of DIPA, given that there is not one theme that is repeated in all the established 
periods. However, various key words such as "expression", "prostate-cancer" or "cancer" are 
observed to repeat several times in the different established time intervals. In this time 
diagram, there is no established and continuous line of research in which the scientific 
community bases its studies in this field. However, there is a line of research whose 
connection strength is medium-low, such as that established between "telepathology", 
"surgical-pathology", "surgical-pathology", "laboratory-quality-center" and "virtual-
microscopy". There is also a medium-low strength connection, such as that between "cancer" 
and "classification", and that between "prostate-cancer" and "progression", from the fourth 
and fifth periods. This figure also shows us that the connections are mostly thematic, since 
there are more continuous than discontinuous lines. As a noteworthy aspect, it can be 
determined that there is an evolution in this field of study, given that there is a move from more 
primitive technological fields, such as "telepathology", to more advanced technological 
aspects, this being reflected in artificial intelligence, with cancer being the main focus of 
attention. 
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Figure 4. Thematic evolution by h-index. 

 
 
3.2. Authors with the highest relevance index. 
The authors considered as driving forces in the field of DIPA study are Madabhushi, A. 
Corredor, G., and Lugli, A. In addition, one should bear in mind the author Rajpoot, N., who 
can be considered in the future as a relevant author in the field of study (figure 5). 
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Figure 5. Strategic diagram of authors of the entire production. 

 
4. Discussion and Conclusions. 
Digital pathology is a branch of pathology related to the handling of data collected from 
information obtained through digital devices. For this purpose, it makes use of digital 
technologies, oriented in digital microscopes, which allow visualizing, managing, sharing and 
analyzing the acquired data (Fauzi et al., 2019; Majo et al., 2019; Saxena et al., 2019; 
Tavolara et al., 2019; Zaidi et al., 2019). Currently, digital pathology is immersed in a paradigm 
shift, which affects and includes in the diagnoses that are being produced (Baidoshvili et al., 
2018; Benke and Benke, 2018; Dash et al., 2019; Klimov et al., 2019; Mukundan, 2019; 
Williams et al., 2019). In addition, the procedure developed in the field of digital pathology 
involves multidisciplinary work, which is influenced by various agents and factors, in order to 
properly develop the procedure (Norazman et al., 2019; Zwanenburg et al., 2020). 
The profile of research focused on "digital pathology" is: constant and growing evolution from 
2010 onwards. The main language is English, the most productive country is the United States 
and the type of document is the article. The authors considered to be the driving force are 
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Madabhushi, A., which is also the most productive, Corredor, G., and Lugli, A. The area where 
more research is collected is "pathology". The main institution on the subject of study is the 
Pennsylvania Commonwealth System of Higher Education PCSHE. The main scientific 
journal is Virchows Archiv. The most cited document is that of Litjens and his team, with a 
total of 1264 citations received. 
The coincidence of key words in the established periods shows a high index of coincidence, 
which shows a line of research based on time. It is true that this coincidence gradually 
decreases over the years, which can show new trends in a short period of time. This may be 
due to technological progress, which is improving at a dizzying rate. 
The motor themes existing in each of the established periods show a variety of interests on 
the part of the scientific community. In the first period it was "telepathology", in the second 
period it was "digital-pathology". Already between these two periods, a change based on 
technological resources is shown, given that there is a move from "telepathology" to "digital", 
that is, there is a move from retro to modern. In the third period, the theme is "breast-cancer". 
In the fourth period it is "cancer". This shows that from 2016 to 2018, research is focused 
mainly on the disease, not on the resource used for its analysis and diagnosis. In the year 
2019 the resource appears again, being the subject with more bibliometric indicator "artificial-
intelligence". 
In addition, the driving themes in each of the periods should be kept in mind. It is one thing to 
know the themes with the highest bibliometric indexes, and on the other hand the themes with 
the most interest and relevance for the scientific community. In this case, in the first period the 
driving themes are "breast-cancer" and "telepathology". In other words, technology is mixed 
with the disease itself. In the second period, the motor themes are "in-situ-hybrization" and 
"surgical-pathology", and in the third period it is "surgical-pathology", "pathology" and 
"immunohistochemistry". In this case, the trends in research are oriented towards the patients' 
own pathologies. In the fourth period it is "laboratory-quality-center", and in the fifth period it 
is "artificial-intelligence" and "virtual-microscopy", this means that the focus is again on 
technological resources. In other words, the evolution of the field of research on "digital 
pathology" has varied between studies on technological resources for diagnosis and on the 
diseases in which technological resources have been used. 
Also, analyzing the thematic evolution, a conceptual gap is observed, since the same subject 
is not repeated in all the established periods. But there are themes that are usually repeated 
continuously, among which is cancer. There is also a line of research that can be seen over 
time, such as "telepathology", "surgical-pathology", "surgical-pathology", "laboraty-quality-
center" and "virtual-microscopy". In other words, the most established line of research is that 
based on technological resources. In addition, low-medium strength connection lines are 
observed, such as cancer and its diagnostic processes. 
It can be concluded that research on "digital pathology" has evolved over time. On the one 
hand, there has been a shift from studies based on primitive technological resources to 
research oriented towards technological devices that are the latest in scientific progress. In 
other words, there has been a shift from the old to the modern. But this scientific evolution has 
not only focused on the technological resources used for diagnosis, but has evolved by 
alternating with the diagnosis of diseases. In other words, the scientific community has varied 
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between the technological and the diagnostic. Furthermore, it should be pointed out that 
cancer is currently the reference disease in the field of "digital pathology".  
In short, the type of study presented represents an advance in the field of knowledge on the 
state of the question. In this case, the production and development that Digital Pathology has 
reached in the WoS database is presented. With the results revealed here, other researchers 
interested in this topic may know the entire literary projection. 
The prospective of this research consists of providing researchers with new trends on the 
most relevant topics for the scientific community, as well as showing a state of the art that 
includes the key aspects on which other research has been based. This will allow them to 
start from a consolidated base to initiate, develop or guide their studies. 
Last but not least, we must say that there are several limitations to this research. Firstly, there 
is the debugging of the data presented in the WoS, where repeated or unrelated papers are 
presented. Secondly, the establishment of the intervals, since the researchers have always 
tried to keep a similar number of papers in each of the intervals. Thirdly and finally, the 
parameters marked in this study have been established according to the researchers' own 
criteria. Thus, the results are presented according to their size and relevance. Thus, the data 
shown here should be analyzed with caution, since the change in the parameters established 
in this research may vary the amount and connections in the topics presented. As a line of 
future research, it is proposed that the study focus, in a mixed manner, between diagnosis 
and technological devices. 
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