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Hyperspectral imaging (HSI) is a promising technology that can provide valuable
support for the advancement of the medical field. Bibliometrics can analyze a
vast number of publications on both macroscopic and microscopic levels,
providing scholars with essential foundations to shape future directions. The
purpose of this study is to comprehensively review the existing literature on
medical hyperspectral imaging (MHSI). Based on the Web of Science (WOS)
database, this study systematically combs through literature using bibliometric
methods and visualization software such as VOSviewer and CiteSpace to draw
scientific conclusions. The analysis yielded 2,274 articles from 73 countries/
regions, involving 7401 authors, 2,037 institutions, 1,038 journals/conferences,
and a total of 7,522 keywords. The field of MHSI is currently in a positive stage
of development and has conducted extensive research worldwide. This research
encompasses not only HSI technology but also its application to diverse medical
research subjects, such as skin, cancer, tumors, etc., covering a wide range of
hardware constructions and software algorithms. In addition to advancements in
hardware, the future should focus on the development of algorithm standards for
specific medical research targets and cultivate medical professionals of managing
vast amounts of technical information.
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1. Introduction

Medical imaging has revolutionized the field of medicine, bringing forth significant
advancements. So far, medical imaging equipment based on magnetic resonance imaging (MRI),
ultrasound, radiography (X-ray, CT) and other technologies has been widely used in the medical
field. However, certain limitations such as high costs and potential harm to the human body
(such as radiation damage) may impede its further progress in healthcare (1, 2). Therefore, the
development of effective, low-cost, non-invasive medical imaging technology will be an
important challenge for researchers around the world (3).

Hyperspectral imaging (HSI), also known as spectrometer (4), is a promising emerging
optical technology that combines optical imaging and spectral analysis. Originated from remote
sensing, it has been explored by NASA for applications in various fields (5), and has received
widespread attention in environmental monitoring (6), vegetation research (7), food inspection
(8-10), agricultural analysis (11, 12) and other fields. The development of HSI has made it
possible to apply in the field of medicine. HSI is a non-invasive and non-ionizing technology
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that rapidly acquires and analyzes relevant information in its
supporting fields (13). The information carried by the reflected,
fluorescent and transmitted light captured by HSI from substances has
been extensively studied in the medical field and demonstrated to
be effective for disease diagnosis, image-guided surgery, and medicine
(14, 15). For instance, several studies have demonstrated the potential
of HSI for non-invasive detection of haemoglobin, platelets, total
bilirubin, and cutaneous wounds by extracting spectral features
through 3D convolutional neural network, support vector machine
(SVM), and other algorithms (16-21). Medical hyperspectral imaging
(MHSI) has emerged as a prominent research area, with scholars
continuously addressing challenges related to enhancing the
capabilities of feature extraction, automatic recognition, and
recognition accuracy.

Bibliometrics refers to the scientific methodology of quantitatively
analyzing the corresponding knowledge system using mathematical
and statistical techniques. It is employed for the analysis, comparison,
and quantification of literature in order to comprehend the
development and trends of scientific research. A few studies have used
bibliometrics to analyze the application of HSI technology in remote
sensing (22, 23), analyze the development and hot spots of radiology,
nuclear medicine, medical imaging and other medical fields (24, 25).
Few studies reviewed the application of HSI technology in the medical
field with the method of bibliometrics. The advancement of technology
necessitates a comprehensive evaluation to foster continuous
innovation. Historically, scholars have conducted numerous studies
on MHSI technology, however, there has been limited systematic
review and organization of its research progress. While a few scholars
have undertaken reviews in this field, an overall quantitative visual
analysis is still lacking. In order to narrow the research gap, we use
historical bibliometrics to analyze the dynamics of literary production
and find out the historical roots statistically (26, 27). Therefore, in this
study, scientific metrology research has been conducted based on the
historical background, achievements, past and current development
trends of the field to determine expected goals and potential for
further advancement. This will help identify research gaps or
technologies that require improvement in order to accelerate the
commercialization and practical application of HSI technology in the
medical field.

The study utilizes the core collection of Web of Science (WOS)
database as the data source and employs bibliometric methods to
construct a knowledge graph. By analyzing the development trends in
this field from 1992 to present, the acquired data will facilitate
determining scientific research directions and provide scholars with a
comprehensive understanding of the field’s current state. Providing a
foundational basis and guiding significance for the sustainable
development of MHSI technology.

2. Materials and methods
2.1. Samples selection

The WOS database comprises indexed journals, conference
proceedings, etc. (28-30), developed by Thomson Reuters, it boasts
a superior scientific search engine and the most relevant databases
for retrieving data (31, 32). And most importantly, the results
output from the WOS database are compatible with bibliometric
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analysis software and can be used as input data for analysis.
Therefore, this study selected the core collection of WOS database
for research, using advanced search, the search formula was
“TS=hyperspectral” Subsequently, refine the search results and
manually select all categories pertaining to medicine within the
WOS category, including Radiology Nuclear Medicine Medical
Imaging, Engineering Biomedical, Surgery, Ophthalmology,
Oncology, Neurosciences, Dermatology, Pharmacy Pharmacy or
Cell Biology, and so on. The searching time is July 17, 2023, and a
total of 2,274 results were obtained, covering the time span of
1992-2023. The results were set as a “marked list” in the WOS
database, and exported in plain text file format to avoid daily
updates of the WOS database. Subsequently, we use the built in
function of WOS to extract information such as title, author,
affiliated unit, citation count, keywords, etc. as the benchmark for
bibliometrics analysis.

2.2. Methods

Bibliometrics is a potent and valuable method for visualizing
and analyzing information, capable of capturing the overall
development of a research field over time (33). The software tools
VOSviewer and CiteSpace enable the generation of relevant data
maps, clusters, burst, centrality measures, link strengths, and other
informative outputs from input literature. These powerful analytical
tools facilitate comprehensive analysis (34, 35). In summary, this
study focuses on MHSI technology and conducts a systematic
review and analysis of relevant literature. Preliminary statistical
analysis was conducted based on the search results from the WOS
database, followed by in-depth analysis and visualization of 2,274
relevant literature using software VOSviewer (1.6.8) and CiteSpace
(6.2.R2). The scientific analysis indexes in this study are: (1)
development trends, (2) country distribution, (3) core authors, (4)
institutional distribution, (5) prolific journals, (6) citation analysis,
and (7) research hotspots. Some parameters are used to describe the
above indexes (36).

« a) Betweenness centrality (BC)

BC is used to evaluate the links between nodes, which represent
research subjects such as authors and institutions, with values typically
ranging from 0 to 1. A higher BC indicates a more significant node,
closer connections with other research subjects, and relatively greater
opportunities for collaboration. Researchers can assess their own and
team’s BC to understand their influence and position in the field.

o b) Burst

Burst indicates when a certain subject (viewpoint, keyword,
literature, etc.) has become a hot topic, and when it has gained
attention, achieving a surge in attention in the field.

« ¢) Citation counts (CC)

CC represents the number of times a subject has been cited since
its publication, including self-citation, which to some extent signifies
the subject’s impact in the field (36, 37).

o d) Cluster

Cluster represents a group of closely related nodes, where they
congregate to identify authors who collaborate closely and keywords
that frequently co-occur. The cluster labeled as “#0” denotes the
strongest category comprising elements with the highest degree of
similarity to one another (30, 36).
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« ¢) Citation frequency (CF)

CF is the ratio of CC to publication time, which also represents
the value it provides in the field.

Finally, the bibliometric analysis results and research progress are
summarized, relevant research content is summarized, and the future
development directions are prospected. This provides a data
foundation and guiding significance for the scientific and advancement
of MHSI technology.

3. Results
3.1. Bibliometric analysis

The indexes and parameters mentioned in the Methods are
analyzed as the results of bibliometrics in this section, and the
following data is based on these 2,274 results.

3.1.1. Development trends

In the 1980s, HSI technology commenced its study at the Jet
Propulsion Laboratory of the California Institute of Technology in
the United States and subsequently underwent rapid development
(38). The increase in spectral resolution has enabled the detection
and classification of image features based on their spectral
characteristics (39). Broadening the surgeon’s field of view would
represent a significant breakthrough (40). Algorithms and image
processing methods pertaining to multispectral and hyperspectral
imaging techniques have been developed, leading to the gradual
expansion of this technology in the field of medicine for studying
anatomy, physiology, and pathology. The proposal of MHSI has
sparked a significant surge in its development, as depicted in
Figure 1. This development can be primarily categorized into two
stages: 1992-2009 (a stage characterized by slow progress) and
2010-present (a stage marked by rapid advancement). As depicted
in Figure 1, the number of articles published in 2019 was 239, has
increased nearly fourfold compared to the peak phase of publication
in 2006, signifying a recent surge and heightened attention within
the field of MHSI. The annual growth rate of the publications is also
illustrated in Figure 1 as well.
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FIGURE 1
Number of publications and annual growth rate from 1992 to 2023.
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3.1.2. Country/region distribution

The number of publications issued by a country in MHSI can
serve as an indicator of the level and scale of research conducted in
this field, thereby indirectly reflecting the depth and significance of its
scientific research. Amongst the 2,274 articles retrieved from the WOS
core collection database, a total of 73 countries/regions were involved,
including prominent nations such as the United States, China,
Germany, England and Canada. This study presents the Top 10
countries/regions based on their publication count, as illustrated in
Figure 2. The United States took the lead in terms of the number of
articles published in MHSI, with a total of 859 articles accounting for
37.78% of all retrieved articles. China ranked second, contributing 318
publications which accounted for 13.98% of the total. Germany and
England followed with 238 and 135 articles, respectively. Canada,
France, and Japan have comparable publication rates with each
country having published over 100 articles.

The cooperation relationships between publishing countries/
regions in this field are visually analyzed and presented in Figure 3,
where the size of the dots represents the number of publications, color
indicates clusters, the connections denote cooperation relationships,
and segment length reflects the closeness of collaboration among
countries/regions. As depicted in the figure, each country has engaged
in close cooperation in MHSI.

3.1.3. Core author distribution

The analysis of “Core Author Distribution” facilitates the discovery
of leading researchers in the field. Statistics on the number of publications
and citations by authors in MHS], it was found that a total of 7,401
authors are involved. According to Price Law: M = O.749(Nmax 1/2, M
represents the minimum number of publications by core authors, and
Nmax represents the number of publications of the most prolific authors
in this period (41, 42). It can be concluded that the core authors in this
field are those who have published more than six papers, with a
maximum of 283 individuals identified as such. Table 1 presents the
leading nine authors who have published papers in this study. American
Scholar Fei, B.W. and Chinese scholar Li, QL. have been the most prolific
authors in this field, published 53 articles each, accounting for 2.33% of
the total. Gockel, I. a German scholar ranked third with 46 publications,
accounting for 2.02% of the total. Scholars Leavesley, S.J. and Rich, T.C.,
hailing from the United States, hold the fourth and fifth ranks with 43
and 41 published papers, respectively. Other prolific authors include
Callico, G.M., Fabelo, H., Ortega, S. and Jansen-Winkeln, B., all of whom
have made significant contributions to this area.

By filtering each author in WOS database and utilizing the VOS
viewer to display the results (Figure 4), it can be found that Lu and
Fei’s publication “Medical hyperspectral imaging: a review” from 2014
has been cited an impressive 1,207 times, effectively supporting
advancements and progressions within this field while also benefiting
numerous interested scholars. Additionally, scholar Fei, B.W. and
Spanish scholars Callico, G.M., Fabelo, H., and Ortega, S. engaged in
exchanges and collaborations, resulting in numerous joint
publications. Furthermore, close collaboration has been established
among German scholars Gockel, I. and Jansen-Winkeln, B., as well as
American scholars Leavesley, S.J. and Rich, T.C.

3.1.4. Institutional distribution
Bibliometrics analysis enables the identification of leading
research institutions in the field, thereby facilitating an
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FIGURE 2
Country/region distribution of MHSI. The map was generated using the web link: https://mapchart.net/world.html.
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FIGURE 3
International cooperation in the field of MHSI.

understanding of the frontier research and its primary directions. ~ These include University of Texas System, University of California
The distribution of researchers can also be identified, with a total of ~ and University of Texas Southwestern Medical Center at Dallas in
2,037 institutions involved in the publications retrieved in this study. ~ the United States, Leipzig University in Germany, East China
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TABLE 1 Author distribution in the field of MHSI.

10.3389/fmed.2023.1235955

Author Country/region Count (No.) Contribution (%)
1 Fei BW United States 53 2.33 2,473
1 LiQL China 53 2.33 1,075
3 Gockel I Germany 46 2.02 521
4 Leavesley SJ United States 43 1.89 275
5 Rich TC United States 41 1.80 230
6 Callico GM Spain 40 1.76 858
6 Fabelo H Spain 40 1.72 858
8 Ortega S Spain 39 1.63 814
9 Jansen-Winkeln B Germany 37 1.50 443
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FIGURE 4
Author collaboration relationships in the field of MHSI.

Normal University in China, and so on. Among these institutions,
19 published more than 30 articles. Table 2 presents the Top 10
according to publication count. Among them, University of Texas
System ranked first with 80 articles. Following closely is University
of California with 67 articles. The University of Texas Southwestern
Medical Center at Dallas, the University of Leipzig, and East China
Normal University have respectively, published 63, 55, and 52
articles. In terms of CC, Emory University secured the top position
among all institutions in the TOP 10, garnering a total of 2,772
citations. It was followed by University System of Georgia with a CC
of 2,512, and the article with the highest CC in this study were
authored by these two institutions. Overall, all institutions have
shown full research interest in MHSI technology, and the research
findings were outstanding.

Figure 5 displays the map of primary institutions in the MHSI
field. Similarly, the larger the node size, the greater its contribution to
literature quantity. The node circle represents BC, and nodes with a
BC exceeding 0.1 are considered central nodes. Amongst the Top 10
institutions with published articles, Leipzig University (0.10),
University of Texas Southwestern Medical Center at Dalla (0.09),
Emory University (0.07) exhibited high centrality. In addition to the
data presented in Table 2, it is worth noting that Universidad de Las
Palmas de Gran Canaria also exhibits a high BC value of 0.14.

Frontiers in Medicine

3.1.5. Journal distribution

The analysis of published journals can assist scholars in selecting
articles, and the impact factor (IF) of the journal to which the article
belongs can indirectly indicate the quality of the article, thereby
demonstrating researchers’ contribution ability in this field. In
addition to choosing journals for submission, scholars also exhibit
their accomplishments in certain conferences and books. The 2,274
literatures retrieved in this study encompassed a total of 1,038
journals/conferences. As shown in Table 3, there is a total of 9
journals/conferences with more than 20 articles, among which the
Top 3 are Proceedings of SPIE, Journal of Biomedical Optics and
Biomedical Optics Express. The proceedings of SPIE published in
MHESI totaled 490, accounting for 21.55%. The Journal of Biomedical
Optics (IF=3.758, 2022), a publication under SPIE, contributed 127
articles, accounting for 5.59%. The publications by Biomedical Optics
Express accounts for 4.57%, with an impact factor of 3.562. Other
journals/conferences such as Investigative Ophthalmology&Visual
Science and Proceedings of the Society of Photo Optical
Instrumentation Engineers (SPIE) have also gained popularity among
researchers in the field of MHSL

According to the research direction classification in WOS
database, it is evident that Optics, Radiology Nuclear Medicine
Medical Imaging, Engineering are the primary research areas in MHSI

frontiersin.org
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TABLE 2 Distribution of research institutions in the field of MHSI.

10.3389/fmed.2023.1235955

Rating Institution Country/region Count (No.) CcC BC
1 University of Texas System United States 80 1,195 0.01
2 University of California United States 67 1,380 0.06
University of Texas Southwestern Medical Center at
3 Dalla United States 63 929 0.09
4 Leipzig University Germany 55 689 0.10
5 East China Normal University China 52 986 0.06
5 Emory University United States 52 2,772 0.07
7 Udice French Research Universities France 48 705 0.04
7 University of South Alabama United States 48 283 0.01
9 Chinese Academy of Sciences China 42 221 0.04
9 University System of Georgia United States 42 2,512 0.02

(Table 4). Among them, scholars specializing in Optics have published
the most papers with a total of 778 documents—accounting for over
one-third of all publications at 34.21%. Radiology Nuclear Medicine
Medical Imaging and Engineering ranked second and third, with 627
and 577 documents, respectively. The distribution of literature in
different research directions shows the huge diversity of disciplines in
MHSI technology, which was a popular research object in
many disciplines.

3.1.6. Citation analysis

Citation analysis of scientific literature can effectively characterize
its influence and importance, revealing the internal connections
between them. A higher CC and CF value indicates greater recognition
in the field, as well as providing valuable ideas and directions for
scholars’ research. Among the literature collected in this study, 48
articles have a CC exceeding 100 times, with Table 5 listing the Top 10.
The most frequently cited publication is “Medical hyperspectral
imaging: a review” authored by Lu, G.L. in 2014, which has
accumulated 1,207 citations with an annual CF of 134.11, surpassing
other research findings significantly. Additionally, the publications by
Zibulevsky, M. and Li, J.]J. have also received substantial citations—490
and 326 times, respectively, and with the CFs of 22.27 and 54.33 times
annually. The relationship among authors with high CC is illustrated
in Figure 6, where the size of each node represents its corresponding
CC value. Through the distance between nodes, it can be found that,
most of the literature searched in this study has a close relationship,
and they collectively provide guidance and direction for scholars
working in the field of MHSI.

3.1.7. Keywords analysis

Keywords provided by the author offer a concise and refined
summary of the main content and research direction of an article.
Analyzing keyword co-occurrence can reveal research frontiers,
hotspots, and development trends in a field. In this study, 7,522
keywords were retrieved from the literature, with 217 appearing more
than 10 times. The co-occurrence of keywords was analyzed using
CiteSpace with minimized overlap, and the results are shown in
Figure 7. The most frequent words in the MHSI field were
“hyperspectral imaging,” which was 689 times, followed by
“spectroscopy,” “hyperspectral,” “classification,” “microscopy; “system”
and “fluorescence” Keywords in this field were time-sliced through
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bibliometrics (Figure 8), revealing that “artificial neural network”
burst from 1995 (burst strength 2.32). This trend of exploration has
continued until the present day, making it the keyword with the
longest duration of burst. Similarly, the time spans of other keywords
can also be seen from Figure 8. Among the 7,522 keywords mentioned
above, “deep learning” has the highest strength of burst, which is 10.82
(burst from 2021), and for the second “machine learning,” it's 10.36
(burst from 2019). They have all been research hotspots in recent years.

As depicted in Figure 1, the literature on MHSI obtained from the
WOS core database has undergone two primary stages: 1992-2009
and 2010-present. Visual analysis of keywords at each stage can reveal
research focal points during different periods, which are presented in
Table 6. From 1992 to 2009, there were a total of 325 articles with
1,260 keywords, among which 11 keywords appeared more than 10
times, including “spectroscopy, “fluorescence,” “hyperspectral,’
“hyperspectral imaging,” “microscopy,” “imaging,” and so on. From
2010 to present, some emerging hot words have emerged. A total of
1,949 literature and 6,827 keywords have been retrieved, with 194
keywords appearing more than 10 times, including “hyperspectral
“classification,”

imaging”  “spectroscopy,

» « » «

“microscopy; “cancer;” “deep learning” and so on.

“hyperspectral,”

Figure 7 categorizes the keywords into clusters, revealing 13
clusters, from which we can get that the research hotspots of MHSI
mainly focus on “head and neck cancer” (cluster#0), “oximetry”
(cluster#1), “expression” (cluster#2), and so on. Cluster#0 contains

» <« » . .

keywords such as “fluorescence;” “surgery;,” “image guided surgery,”

»

etc., cluster #1 contains “reflectance,” “disease,” “resolution,” etc., and
cluster #2 contains “cancer;” “gold nanoparticle,” “expression,” and so
on. The analysis of keyword clusters and literature content reveals that
the primary focus of the article publications can be categorized into
two major levels based on different emphases: (1) applied technology;

(2) Scope oriented.

3.2. Research content in MHSI

3.2.1. Applied technology analysis

Applied technology mainly refers to how HSI technology applies
to the medical field, which can be divided into hardware and software
aspects. From the retrieved literature, the hardware aspect of MHSI
predominantly refers to the system architecture, including overall
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Map of research institutions in the field of MHSI.
TABLE 3 Distribution of published journals/conferences in the field of MHSI.
Rating Journal Count (No.) Contribution (%) IF, 2022
1 Proceedings of SPIE 490 21.55 /
2 Journal of Biomedical Optics 127 5.59 3.758
3 Biomedical Optics Express 104 4.57 3.562
4 Investigative Ophthalmology&Visual Science 64 2.81 4.925
Proceedings of the Society of Photo Optical Instrumentation
5 32 1.41 /
Engineers (SPIE)
IEEE Engineering in Medicine and Biology Socie
6 ¢ ¢ gy Society 25 1.10 /
Conference Proceedings
7 Sensors 23 1.01 3.847
8 Forensic Science International 21 0.92 2.2
9 Cancers 20 0.88 5.2
10 Computational Intelligence and Neuroscience 19 0.84 3.12

structure, component composition, as well as design, production, and
innovation of internal components. The software utilized in MHSI
primarily consists of algorithms, encompassing algorithms and
models developed for specific medical research objects, such as
machine learning and the subsequent development of deep learning,
which have garnered significant attention in recent years (51, 52).
These research points ultimately converged into the classification and
recognition of medical objects.

Firstly, the hardware aspect must be considered. HSI technology
integrates optical imaging and spectral analysis to produce a three-
dimensional (3-D) data cube of spatial and spectral information by
collecting spectral information for each pixel of a two-dimensional

Frontiers in Medicine 07

(2-D) detector array (Figure 9). Through spatial information, spectral
information of the region of interest can be obtained to explore its
interaction with medicine (15). HSI systems are mainly composed of
light sources, dispersion devices and detectors. The light from the light
source irradiates the tissue sample, and the information generated is
projected into the entrance slit through the front lens, and after
collimation, the light is divided into a series of narrow spectral bands
by the dispersion device (such as prisms, gratings, etc.), and finally
focused onto the detector array. According to the acquisition method,
HSI can be divided into whiskbroom HSI, pushbroom HSI and staring
HSI. At the same time, according to the different spectral ranges, it can
also be divided into ultraviolet (UV), visible (VIS), near-infrared
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TABLE 4 Distribution of research directions in the field of MHSI.

10.3389/fmed.2023.1235955

Research direction Count (No.) Contribution (%)
Optics 778 34.21
Radiology Nuclear Medicine Medical Imaging 627 27.57
Engineering 577 25.37
Biochemistry Molecular Biology 308 13.54
Computer Science 191 8.40
Imaging Science Photographic Technology 163 7.17
Surgery 141 6.20
Ophthalmology 131 5.76
Neurosciences Neurology 102 4.49
Pharmacology Pharmacy 94 4.13
TABLE 5 High cited articles in the field of MHSI.

Title First author Journal CcC
Medical hyperspectral imaging: a review Lu (15) Journal of Biomedical Optics 1,207
Blind source separation by sparse decomposition in a signal dictionary Zibulevsky (43) Neural Computation 490
Lipid desaturation is a metabolic marker and therapeutic target of ovarian cancer

Li (44) Cell Stem Cell 326
stem cells
Modern trends in hyperspectral image analysis: a review Khan (45) IEEE Access 320
Hyperspectral and multispectral bioluminescence optical tomography for small Physics in Medicine and

YPersp P P graphy Chaudhari (46) 4 238

animal imaging Biology
Review of spectral imaging technology in biomedical engineering: achievements

Li(14) Journal of Biomedical Optics 234
and challenges
Hyperspectral imaging of hemoglobin saturation in tumor microvasculature and

Sorg (47) Journal of Biomedical Optics 230
tumor hypoxia development
Portable Spectroscopy Crocombe (48) Applied Spectroscopy 216
Real-time imaging of de novo arteriovenous malformation in a mouse model of Journal of Clinical

Park (49) 207
hereditary hemorrhagic telangiectasia Investigation

Journal of Roman
Surface-enhanced Raman scattering for medical diagnostics and biological imaging | Vo-Dinh (50) 189
Spectroscopy

(NIR) and mid-infrared (MIR) HSI systems. The spectral ranges most
commonly utilized in the literature retrieved in this study were within
the visible and near-infrared regions. Nowadays, HSI have been
integrated with various other technologies, including microscopy,
laparoscopy, fundus cameras, etc., and the convergence of these
technologies highlights their advantages. The most common prevalent
combination is that of microscopic hyperspectral imager and
fluorescence hyperspectral imager (15). Microscopic hyperspectral
imagers are capable of acquiring spectral information from minute
substances, and can even identify unstained sections of nervous tissue
(53). Fluorescence hyperspectral imagers utilize the inherent
fluorescence characteristics of the substance to obtain its fluorescence
spectra. All of them provide effective scientific and technological
support in the medical field.

From a software perspective, the primary objective is to analyze
collected images and extract valuable information. Analyzing medical
hyperspectral data at cellular, tissue, and molecular levels can facilitate
auxiliary diagnosis, making it an essential component in disease
screening, diagnosis, and other processes. Image analysis generally
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comprises two main components: preprocessing and data analysis
(54). Preprocessing involves enhancing image quality and simplifying
algorithms before data analysis, including image segmentation, data
normalization and image filtering, etc. (55). This serves to mitigate the
impact of background noise on sample spectral information while
eliminating errors stemming from baseline drift, surface scattering, or
noise introduced by uneven lighting or dark current in the lens (56),
as hyperspectral images inevitably introduce noise information during
the acquisition process, which will restrict the accuracy of image
analysis (57). Data analysis involves the utilization of support vector
machine (SVM), k-nearest neighbor (KNN), artificial neural network
(ANN), and other algorithms which combines both spectral and
spatial features. This has been demonstrated by Ravikanth et al. (58)
and Yan et al. (59) as well as Wang et al. (60). Simultaneously, owing
to the high similarity between adjacent bands in hyperspectral data, it
becomes imperative to employ dimensionality reduction techniques
for extracting the most pertinent information and reducing dataset
dimensions. Principal component analysis (PCA) and successive
projections algorithm (SPA) are widely utilized methods in this regard.
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In summary, the construction of hardware and the analysis of
software, as crucial components of HSI, will significantly impact its
practical application in the medical field. The breakthroughs in key
technologies such as advanced spectroscopic technology and high
frame rate detector technology will enhance the hardware
capabilities of HSI and improve information acquisition proficiency
(38). Therefore, achieving higher spectral resolution, spatial
resolution, and sensitivity is the goal of scholars. With the
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deepening of algorithm research related to HSI, the adaptability of
algorithm model to medical research goals is very important. On
the basis of traditional machine learning algorithms such as SVM
(61) and K-means clustering (62), the rise of deep learning provides
new ideas for the processing of medical images (63). A large number
of studies are also endeavoring to enhance the recognition accuracy
and sensitivity of specific medical objects through changing model
parameters or structures.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1235955
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Jiang et al. 10.3389/fmed.2023.1235955
1905 2000 202
#0 head and neck cancer
o #1 oximetry
bioavznlbilltyu;el
disease
tissue porfusion .
blood flow  OXimetry s fon .. #2 expression
r]n‘fl(nel nanomale(lal =
dibitic retnopath antiBOG: ::.u"::‘;';'—* oy N s
cancoig exgros%‘?a 18 ricle @ #3 colour rendering
Spectromotry ___—
COlO) tpviriatc matysie-. = :
= e . #4 coherent anti-stokes raman scattering
fouri — -
= 35?;";33.!.233"% ~ Fmetaboant
c,“ "f;\;, "/ tissSus—"o traman scatering #5 support vector machine
.m“{}!é'** ffiectance S"“'“’“"% < ramap SPectgscopy; o ™ #6 lung cancer
=% - oxcision
/éA = -
S —— P o #7 remote sensing
imag vy mensianal — ~
“"’m&c’zbornﬁm a?menn?n:nveductlon REaN
pattern recognmon flata fusion " e z
méui}h’ el #8 biomedical imaging

_4—..— “u -
in vivo spectroscopy™

specm;cuecuon operator

vivo<

hypemusmn'f\zudgq;ectroscopy
/nuomsmn:r ‘Spectro:
cervlcaleraLmﬂl.Hdneaﬂp.lu
genrocesﬂpﬁnc s

data compression

//
s
L - R
barretts esophagus
acousto lxc tynable filte:
’ lesionac ousto-op SRNEHA iescenceoptical biopsy

imaging spectrometer
CiteSpace System
ki |

spectroscopy

FIGURE 8
Keyword timeline distribution map.

" conventional colonoscopy

#9 hyperspectral image
= . ——— G #10 image processing

> #11 hyperspectral imager

\ Qo" #12 system

differential diagnosis
moendoscopy

TABLE 6 High frequency keywords at different development stages (frequency > 10 times).

Stage Keywords

Slow development stage (1992-2009)
Imaging, Classification, Remote Sensing

Spectroscopy, Fluorescence, Hyperspectral, Hyperspectral Imaging, Microscopy, Imaging, Spectral Imaging, System, Medical

High-speed development stage (2010-

present)

Hyperspectral, Microscopy, System, Cancer, Skin, Diagnosis, Fluorescence, In-vivo, Near-infrared Spectroscopy, Cells, Deep

learning, Optical Properties, Machine learning, etc.

3.2.2. Scope oriented analysis

Scope orientation mainly refers to the application of hyperspectral
imaging technology in the medical field. From the retrieved literature,
it can be seen that the research subjects encompass various aspects of
the medical field, primarily medical imaging diagnosis and medicine
research. Medical imaging diagnosis encompasses cell detection,
blood analysis, skin and tongue examination, tumor identification,
cancer screening, image-guided surgery and more (64-67). Medicine
research involves the sourcing and quality control of medicinal
materials, analysis of drug counterfeiting as well as the detection of
pesticide residues and types (68).

When conducting measurements on the reflection and absorption
processes of light at different wavelengths, HSI can provide
information on different tissue components and their spatial
distribution. Tissues in distinct pathological states exhibit varying
reflectivity at specific wavelengths due to disparities in their chemical
composition and physical characteristics, resulting in distinctive
spectral features such as hemoglobin, melanin, and water that
selectively absorb light across different wavelengths ranges. Based on
these characteristic spectral signals, qualitative and quantitative
analysis of the tissues can be achieved, and combined with spatial
information, visual identification of the organization can
be completed. It will provide a strong basis for organizational
identification. Zherdeva et al. (69) used HSI technology to visualize
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skin tumors and confirmed the possibility of distinguishing melanoma
at different growth stages, which provided basis and guidance for real-
time identification of malignant melanoma. Kiyotoki et al. (70)
successfully distinguished gastric tumor samples from normal samples
using a VIS-HSI system (400-800 nm), with specificity and sensitivity
of 92.5% and 78.8%, respectively. Fabelo et al. (71) used HSI
technology to develop a real-time high-precision detection device for
brain tumors during surgery, and found that it provided effective help
in tumor resection surgery by neurosurgeons, accurately determined
the boundaries of tumors, and the accuracy of preliminary
experiments exceeded 95%. Optical absorption can also react to the
enhancement of angiogenesis and metabolic activity by quantification
of hemoglobin and oxygen saturation concentrations. Chin et al. (72)
used a VIS-HSI system to detect peripheral arterial disease (PAD), and
found that the lower limb oxygenation level of PAD patients and
normal people showed differences, which can be used for diagnosis
and evaluation of patients with PAD. Jeffcoate et al. (73) analyzed
tissue oxygenation HSI data in diabetic patients and showed that HSI
technology can predict early healing in diabetic foot ulcer patients.
The authenticity and quality control of traditional Chinese
medicine are crucial for the advancement of Chinese medicine and
national healthcare. HSI technology has been successfully applied to
identify the origin and mold changes of various Chinese medicinal
materials, such as peach and apricot kernels (74), ginseng (75), and
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agaricus bisporus (76). In addition, HSI technology enables both
qualitative and quantitative analysis of medicinal materials, pesticide
residues, etc. (77). Scholars have successfully employed HSI
technology to visualize flavonoid content in Ginkgo biloba leaves, as
well as analyze loquat leaves rapid determination of triterpenoid acids
(78, 79).

From this, it is evident that HSI technology has a broad range of
object-oriented applications in the medical field. It can not only
achieve comprehensive imaging of biological tissues and organs,
microscopic imaging of pathological sections, but also plays a crucial
role in medical detection, igniting a new wave of technological
advancement in the medical field.

4. Discussion
4.1. Research status

In the past three decades, HSI technology has made significant
strides and is now an indispensable tool in various fields, including
military, agriculture, medical care, and daily life. The application of
MHSI aligns with the trend of digitalization, scientific advancement,
and intelligence in the medical field by meeting evolving medical
needs while enhancing quality to establish a new model for medicine.

Based on the WOS core database, this study conducted a visual
analysis of 2,274 publications in the field of MHSI retrieved from 1992
to present. Through scientific bibliometric methods, we systematically
sorts out the distribution of country/regions, core authors, institutions,
journals, citations, keywords, etc., and the development trends and
research hotspots in this field were also obtained.

In the initial stage (1992-2009), HSI technology underwent rapid
development and its application gradually expanded, starting to
be applied in medical fields. Medical hyperspectral data was
developed, leading to a series of explorations in areas such as forensics,
damaged tissue detection, health assessment and variant tissue
resolution. In the second stage (2010-present), research enthusiasm
has continued to surge, with a year-on-year increase in publications
(the study was conducted in July, 2023, which still has room for
improvement), showing a J-shaped curve growth, indicating that the
field is developing rapidly and the research has not yet reached
saturation. In addition, MHSI technology is being integrated with the
constantly evolving technology in modern times. Machine learning

Frontiers in Medicine

11

algorithms, such as deep learning, have been effectively employed for
feature extraction and classification recognition of hyperspectral
images (16, 80). Moreover, the research field has continuously
expanded its scope to encompass the classification and recognition of
various other subjects including cancer, tumor, and skin (64, 81-83),
forming a positive development trend that keeps pace with the times.

The United States, China, Germany, England, Canada, etc. have
conducted extensive research in this field. All of them have attached
great importance to it and demonstrated their enthusiasm for
research. Among them, the United States, Germany, England, etc.
have closer cooperation with China while Japan has established close
connections with Spain and Norway, etc. Enhanced collaboration has
been established among nations. In terms of the issuance of
documents by the top 10 institutions, the United States holds six
positions, and the most CC literature also originates from there. The
majority of articles in the field of MHSI were authored by American
Scholar Fei, B.W. and Chinese scholar Li, Q.L., Scholar Fei, B.W., who
is afliliated with University of Texas at Dallas and University of Texas
Southwestern Medical Center, authored the highest-rated review
article on CC in this study. He has conducted extensive research
primarily based on the microscopic identification of tumors and
cancers, such as head and neck squamous cell carcinoma and
aggressive papillary thyroid carcinoma, and aims to explore the
application of HSI technology in image-guided surgical procedures.
He has collaborated closely with Spanish scholars Callico, G.M.,
Fabelo, H., and Ortega, S. All of them are among the top nine authors
and have jointly published numerous achievements. It can be observed
that there are eight collaborations with Universidad de Las Palmas de
Gran Canaria, which demonstrate a closely-knit cooperative
relationship. Spanish researchers Callico, G.M., Fabelo, H., Ortega, S.,
all affiliated with Universidad de Las Palmas de Gran Canaria. These
authors have maintained a close collaboration, also resulting in
numerous co-authored publications. The research outcomes of this
team using HSI technology to conduct rich explorations on medical
objects such as brain cancer, brain tumors, skin, melanoma,
gastroenterology etc., and continuously explore algorithms to improve
target recognition, such as PCA, SVM, and artificial intelligence (AI).
In recent years, a series of studies have been conducted on medical
equipment based on HSI technology. Chinese scholar Li Q.L.,
affiliated to East China Normal University, has conducted extensive
research in the field of MHSI since the year 2006 (based on 2,274
samples retrieved in this article). In the early stages, a series of studies
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were conducted on tongue analysis in traditional Chinese medicine
using HSI technology. In recent years, research has mainly been
conducted on automatic classification recognition and related
algorithms at the pathological or cellular level using microscope
hyperspectral. Scholars have made significant advancements in this
field, driving progress forward. Above all, it is evident that HSI
technology is garnering increasing scholarly attention and has
demonstrated significant research value in the medical field.
Simultaneously, similar to the research directions of the
aforementioned scholars, AI technology is being employed in MHSI
to achieve automatic recognition of medical objects, presenting
promising prospects for further development.

Despite extensive research in the field of MHSI, certain limitations
still exist. Hardware constraints, such as spectroscopic devices and
detectors, can impact information acquisition quality and require
ongoing development. At the same time, selecting suitable software
algorithms for the research of specific medical targets from a large
number of options is challenging, and new algorithm models are
constantly emerging, leading to some confusion in their development.
Additionally, there exists a certain barrier between HSI technology
and medical disciplines, and the vast amount of knowledge introduced
by MHSI requires specialized expertise. Therefore, the field of MHSI
still presents numerous challenges.

In our research, while the utilization of the WOS core database has
facilitated access to a substantial number of literatures in the MHSI
field, providing a broad overview of the current research landscape,
there is still room for improvement. Firstly, the WOS database is
widely recognized as one of the most authoritative and comprehensive
document retrieval databases available. Additionally, EI Compendex,
Scopus, etc. are also commonly utilized document retrieval database
worldwide. It should be noted that there are variations in the literature
included within each respective database. For this study, only one
database was selected, it may benefit from combining multiple
databases to more comprehensively reflect information within the
field in future research. Furthermore, among the 2,274 articles
included in this study, only a small number are written in German,
Chinese and French, resulting in a scarcity of local language literature
in the field of MHSI across different countries. In addition, this study
utilizes the TypeScript (TS) retrieval method and employs the search
term “hyperspectral,” with a query scope primarily encompassing
titles, abstracts, and keywords. Although this study has included a
significant number of medical articles utilizing HSI technology
through category screening, there may still be a few articles that
cannot be incorporated if the TS content lacks the search term
“hyperspectral” Therefore, when utilizing Bibliometrics for research
purposes, it is imperative to explore more effective sample selection
methods, expand the scope of literature coverage within the field,
enhance compatibility and ultimately provide a more comprehensive
reflection of both progress and shortcomings in said field.

4.2. Future research directions in MHSI

In an era of heightened health concerns, HSI technology has evolved
into an intelligent and information-based tool for enhancing diagnostic
efficiency, promoting objectivity, and better serving the needs of patients
seeking testing equipment. As technical capabilities continue to mature
and research expands its scope, i’ imperative that we redouble our efforts
to fully integrate HSI technology into medical practice.
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a) In addition to the overall structural design of the HSI system,
achieving higher spectral resolution, spatial resolution and sensitivity
of components are the key to technological development and imaging
quality. These challenges pose opportunities for researchers as their
implementation will significantly enhance the application of MHSI
technology. Furthermore, HSI technology not only provide spectral
information in the visible range but also in the ultraviolet, near-
infrared, and mid-infrared regions. Exploring these additional spectral
ranges allow for the extracting of unique features that cannot be found
within the visible region, which may play a significant role in
expanding medical research objects.

b) The algorithms applicable to a specific medical field are
different, and a plethora of diverse algorithms have been utilized in
existing publications, making it arduous to establish a standard. In the
future, selecting appropriate HSI systems and data processing
algorithms for specific research fields and establishing standards to
augment their applicability towards more medical objects will be the
development trajectory of MHSI.

¢) The continuous improvements of instrumentation, software
design, and algorithmic developments in spectral imaging technology
will make the analysis results of medical objects more complex (14).
Nowadays, it is expected that more researchers and doctors try this
technology in their biomedical research. In the future development, it
is necessary to cultivate more interdisciplinary talents to establish the
connection between instrumentation and medicine.

Providing more optical feature information for the medical field,
alleviating the shortage of doctors, and facilitating seamless integration
between medicine and HSI technology. It will be of great significance
to develop MHSI technology. Anticipating a substantial leap forward
in the practical application of MHSI technology!

5. Conclusion

The bibliometrics method employed in this study offers scholars
a scientific reference to comprehend the developmental process and
research content of the entire MHSI field, while also highlighting areas
for improvement in existing research. The bibliometric results
demonstrate that MHSI technology is extensively researched
worldwide and holds great potential as an effective tool to aid doctors.
Currently, the development of MHSI technology is generally positive,
but it still faces certain challenges that require collaborative efforts
from scholars to effectively integrate it into medical daily life.

Author contributions

SJ, DM, and XT contributed to conception and design of the study.
SJ organized the database and wrote the first draft of the manuscript.
DM performed the statistical analysis. DM, XT, QJ, MY, and LX wrote
sections of the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (NSFC) (61975199); Capital construction
funds in Jilin Province in 2023 (2023C036-4); Changchun Science

frontiersin.org


https://doi.org/10.3389/fmed.2023.1235955
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Jiang et al.

and Technology Development Plan Project (22SH03 and
21SH17); Jilin Province Science and Technology Development
Plan Project (20220201060GX); Jilin Province and Chinese
Academy of Sciences Science and Technology Cooperation High
Tech Industrialization Special Fund Project (2023SYHZ0020);
Jilin Province Database of Agriculture Spectrum Application
Information (20230505009ZP).

Acknowledgments

Thank you to all colleagues who provided ideas in the research, to
the staff of the WOS database, and to the developers of the bibliometric
software VOSviewer and CiteSpace.

References

1. Li SS, Xie ZR, Huang YQ, Wang LQ, Wu CR, Xiao X. Research progress in
hyperspectral imaging technology for medical diagnosis and treatment. Guangdong Med
J. (2018) 39:1921-5. doi: 10.13820/j.cnki.gdyx.20180717.001

2. Zeng WJ, Li ZH, Wen YX, Chen HL. Advance of multispectral imaging application
in the biomedicine. Prog Mod Biomed. (2012) 12:968-71. doi: 10.13241/j.cnki.
pmb.2012.05.055

3. Calin MA, Parasca SV, Savastru D, Manea D. Hyperspectral imaging in the medical
field: present and future. Appl Spectrosc Rev. (2013) 49:435-47. doi:
10.1080/05704928.2013.838678

4. Wolfe WL. Introduction to imaging spectrometers. Bellingham, Washington: SPIE
Press (1997).

5. Goetz AFH. Three decades of hyperspectral remote sensing of the earth: a personal
view. Remote Sens Environ. (2009) 113:55-S16. doi: 10.1016/j.rse.2007.12.014

6. Govender M, Chetty K, Bulcock H. A review of hyperspectral remote sensing and
its application in vegetation and water resource studies. Water SA. (2007) 33:145-51.
doi: 10.4314/wsa.v33i2.49049

7. Adam E, Mutanga O, Rugege D. Multispectral and hyperspectral remote sensing
for identification and mapping of wetland vegetation: a review. Wetl Ecol Manag. (2010)
18:281-96. doi: 10.1007/s11273-009-9169-z

8. Feng Y, Sun D. Application of hyperspectral imaging in food safety inspection and
control: a review. Crit Rev Food Sci Nutr. (2012) 52:1039-58. doi:
10.1080/10408398.2011.651542

9. Lorente D, Aleixos N, Gomez-Sanchis J, Cubero S, Garcia-Navarrete OL, Blasco J.
Recent advances and applications of hyperspectral imaging for fruit and vegetable
quality assessment. Food Bioprocess Technol. (2012) 5:1121-42. doi: 10.1007/
511947-011-0725-1

10. Wu D, Sun D. Advanced applications of hyperspectral imaging technology for food
quality and safety analysis and assessment: a review — part i: fundamentals. Innov Food
Sci Emerg Technol. (2013) 19:15-28. doi: 10.1016/j.ifset.2013.04.014

11. Dale LM, Thewis A, Boudry C, Rotar I, Dardenne P, Baeten V;, et al. Hyperspectral
imaging applications in agriculture and agro-food product quality and safety control: a
review. Appl Spectrosc Rev. (2013) 48:142-59. doi: 10.1080/05704928.2012.705800

12. Teke M., Deveci H.S., Haliloglu O., Gurbuz S.Z., Sakarya U. (2013). "A short survey
of hyperspectral remote sensing applications in agriculture," in International Conference
on Recent Advances in Space Technologies, 171-176.

13. Halicek M, Fabelo H, Ortega S, Callico GM, Fei B. In-vivo and ex-vivo tissue
analysis through hyperspectral imaging techniques: revealing the invisible features of
cancer. Cancers. (2019) 11:756. doi: 10.3390/cancers11060756

14. Li QL, He XE Wang YT, Liu HY, Xu DR, Guo FM. Review of spectral imaging
technology in biomedical engineering: achievements and challenges. J Biomed Opt.
(2013) 18:100901. doi: 10.1117/1.JBO.18.10.100901

15.Lu G, Fei B. Medical hyperspectral imaging: a review. | Biomed Opt. (2014)
19:10901. doi: 10.1117/1.JBO.19.1.010901

16. Cihan M, Ceylan M. Hyperspectral imaging-based cutaneous wound classification
using neighbourhood extraction 3D convolutional neural network. Biomed Tech. (2023)
68:427-35. doi: 10.1515/bmt-2022-0179

17.Jagadeesha N., Trisal A., Tiwar V.N. (2023). "Skin tone assessment using
hyperspectral reconstruction from RGB image", in 15th International Conference on
Communication Systems and Networks (COMSNETS).

18.Li G, Cheng LY, Liu SY, Wang TH, Zhang C, Zhang YH, et al. Non-invasive
detection of haemoglobin, platelets, and total bilirubin using hyperspectral cameras.
Talanta. (2023) 260:124634. doi: 10.1016/j.talanta.2023.124634

Frontiers in Medicine

13

10.3389/fmed.2023.1235955

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

19. Sun L, Zhou M, Li Q, Hu M, Wen Y, Zhang J, et al. Diagnosis of cholangiocarcinoma
from microscopic hyperspectral pathological dataset by deep convolution neural
networks. Methods. (2022) 202:22-30. doi: 10.1016/j.ymeth.2021.04.005

20. Wang JS, Mao XT, Wang Y, Tao X, Chu JH, Li QL. Automatic generation of
pathological benchmark dataset from hyperspectral images of double stained tissues.
Opt Laser Technol. (2023) 163:109331. doi: 10.1016/j.optlastec.2023.109331

21. Wang Q, Sun L, Wang Y, Zhou M, Hu M, Chen J, et al. Identification of melanoma
from hyperspectral pathology image using 3D convolutional networks. IEEE Trans Med
Imaging. (2021) 40:218-27. doi: 10.1109/TMI.2020.3024923

22.Li XT, Li SH, Zhao MX, Guo X, Zhang TJ. Mapping the shifting focus in remote
sensing literature: technology, methodology, and applications. PRO. (2023) 11:571. doi:
10.3390/pr11020571

23. Zhang W, Zhao L. The track, hotspot and frontier of international hyperspectral
remote sensing research 2009-2019-a bibliometric analysis based on SCI database.
Measurement. (2022) 187:110229. doi: 10.1016/j.measurement.2021.110229

24. Thompson DE, Walker CK. A descriptive and historical review of bibliometrics
with applications to medical sciences. Pharmacotherapy. (2015) 35:551-9. doi: 10.1002/
phar.1586

25. Yan S, Zhang H, Wang J. Trends and hot topics in radiology, nuclear medicine and
medical imaging from 2011-2021: a bibliometric analysis of highly cited papers. Jpn J
Radiol. (2022) 40:847-56. doi: 10.1007/s11604-022-01268-z

26. Kokol P, Voner HB, Zavrnik J. Application of bibliometrics in medicine: a historical
bibliometrics analysis. Health Inf Libr J. (2020) 38:125-38. doi: 10.1111/hir.12295

27.Marx W, Bornmann L, Barth A, Leydesdorff L. Detecting the historical roots of
research fields by reference publication year spectroscopy (RPYS). J Assoc Inf Sci Tech.
(2014) 65:751-64. doi: 10.1002/asi.23089

28.He Q, Wang G, Luo L, Shi Q, Xie J, Meng X. Mapping the managerial areas of
building information modeling (bim) using scientometric analysis. Int ] Proj Manag.
(2017) 35:670-85. doi: 10.1016/j.ijproman.2016.08.001

29. Marsilio M, Cappellaro G, Cuccurullo C. The intellectual structure of research into
ppps. Public Manag Rev. (2011) 13:763-82. doi: 10.1080/14719037.2010.539112

30. Olawumi TO, Chan DWM. A scientometric review of global research on
sustainability and sustainable development. J Clean Prod. (2018) 183:231-50. doi:
10.1016/j.jclepro.2018.02.162

31. Chen H, Jiang W, Yang Y, Yang Y, Man X. State of the art on food waste research:
a bibliometrics study from 1997 to 2014. ] Clean Prod. (2017) 140:840-6. doi: 10.1016/j.
jclepro.2015.11.085

32. Zhang L. Big data, knowledge mapping for sustainable development: a water
quality index case study. Emerg Sci J. (2019) 3:249-54. doi: 10.28991/esj-2019-01187

33.Kasavan S, Yusoff S, Rahmat Fakri ME Siron R. Plastic pollution in water
ecosystems: a bibliometric analysis from 2000 to 2020. J Clean Prod. (2021) 313:127946.
doi: 10.1016/j.jclepro.2021.127946

34. Chen Y, Chen CM, Liu ZY, Hu ZG, Wang XW. The methodology function of
CiteSpace mapping knowledge domains. Studies Sci Sci. (2015) 33:242-53. doi:
10.16192/j.cnki.1003-2053.2015.02.009

35. Zhang D, Xu JL, Li LW. Research status and development trend of constructed
wetlands based on bibliometrics. Environ Sci Manag. (2019) 44:16-21.

36. Kamali M, Jahaninafard D, Mostafaie A, Davarazar M, Gomes APD, Tarelho LAC,
et al. Scientometric analysis and scientific trends on biochar application as soil
amendment. Chem Eng J. (2020) 395:125128. doi: 10.1016/j.cej.2020.125128

37. Chen C. Predictive effects of structural variation on citation counts. ] Am Soc Inf
Sci Technol. (2012) 63:431-49. doi: 10.1002/asi.21694

frontiersin.org


https://doi.org/10.3389/fmed.2023.1235955
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.13820/j.cnki.gdyx.20180717.001
https://doi.org/10.13241/j.cnki.pmb.2012.05.055
https://doi.org/10.13241/j.cnki.pmb.2012.05.055
https://doi.org/10.1080/05704928.2013.838678
https://doi.org/10.1016/j.rse.2007.12.014
https://doi.org/10.4314/wsa.v33i2.49049
https://doi.org/10.1007/s11273-009-9169-z
https://doi.org/10.1080/10408398.2011.651542
https://doi.org/10.1007/s11947-011-0725-1
https://doi.org/10.1007/s11947-011-0725-1
https://doi.org/10.1016/j.ifset.2013.04.014
https://doi.org/10.1080/05704928.2012.705800
https://doi.org/10.3390/cancers11060756
https://doi.org/10.1117/1.JBO.18.10.100901
https://doi.org/10.1117/1.JBO.19.1.010901
https://doi.org/10.1515/bmt-2022-0179
https://doi.org/10.1016/j.talanta.2023.124634
https://doi.org/10.1016/j.ymeth.2021.04.005
https://doi.org/10.1016/j.optlastec.2023.109331
https://doi.org/10.1109/TMI.2020.3024923
https://doi.org/10.3390/pr11020571
https://doi.org/10.1016/j.measurement.2021.110229
https://doi.org/10.1002/phar.1586
https://doi.org/10.1002/phar.1586
https://doi.org/10.1007/s11604-022-01268-z
https://doi.org/10.1111/hir.12295
https://doi.org/10.1002/asi.23089
https://doi.org/10.1016/j.ijproman.2016.08.001
https://doi.org/10.1080/14719037.2010.539112
https://doi.org/10.1016/j.jclepro.2018.02.162
https://doi.org/10.1016/j.jclepro.2015.11.085
https://doi.org/10.1016/j.jclepro.2015.11.085
https://doi.org/10.28991/esj-2019-01187
https://doi.org/10.1016/j.jclepro.2021.127946
https://doi.org/10.16192/j.cnki.1003-2053.2015.02.009
https://doi.org/10.1016/j.cej.2020.125128
https://doi.org/10.1002/asi.21694

Jiang et al.

38. Wang JY, Li CL. Development and prospect of hyperspectral imager and its
application. Chin J Space Sci. (2021) 41:22-33. doi: 10.11728/¢jss2021.01.022

39. Althouse M., Chang C. (1997). Use of IR spectroscopy for medical diagnostics. In
32nd National Heat Transfer Conference, 163-167.

40. Freeman J., Downs E, Marcucci L., Lewis E.N., Blume B., Rish J. (1997).
"Multispectral and hyperspectral imaging: applications for medical and surgical
diagnostics," in International Conference of the IEEE Engineering-in-Medicine-and-
Biology-Society, 700-701.

41.Yu ZZ, Ren XR, Lin MY, Huang YW, Wu XQ, Liu SQ, et al. Bibliometric analysis
of hyperspectral imaging technology application in tea based on CiteSpace. China Tea.
(2022) 44:48-55.

42. Zhou YE, Zhou L, Yu L], Xu S, Yang LH. Visualization analysis in research status
of theaflavins based on CiteSpace. J Tea Sci. (2022) 42:131-9. doi: 10.13305/j.cnki.
jt5.2022.01.009

43. Zibulevsky M, Pearlmutter BA. Blind source separation by sparse decomposition
in a signal dictionary. Neural Comput. (2001) 13:863-82. doi:
10.1162/089976601300014385

44.Li]J], Condello S, Thomes-Pepin J, Ma X, Xia Y, Hurley TD, et al. Lipid desaturation
is a metabolic marker and therapeutic target of ovarian cancer stem cells. Cell Stem Cell.
(2017) 20:303-14. doi: 10.1016/j.stem.2016.11.004

45.Khan M]J, Khan HS, Yousaf A, Khurshid K, Abbas A. Modern trends in
hyperspectral image analysis: a review. leee Access. (2018) 6:14118-29. doi: 10.1109/
ACCESS.2018.2812999

46. Chaudhari AJ, Darvas F, Bading JR, Moats RA, Conti PS, Smith D], et al.
Hyperspectral and multispectral bioluminescence optical tomography for small animal
imaging. Phys Med Biol. (2005) 50:5421-41. doi: 10.1088/0031-9155/50/23/001

47. Sorg BS, Moeller BJ, Donovan O, Cao Y, Dewhirst MW. Hyperspectral imaging of
hemoglobin saturation in tumor microvasculature and tumor hypoxia development. J
Biomed Opt. (2005) 10:44004. doi: 10.1117/1.2003369

48. Crocombe RA. Portable spectroscopy. Appl Spectrosc. (2018) 72:1701-51. doi:
10.1177/0003702818809719

49. Park SO, Wankhede M, Lee Y], Choi E, Fliess N, Choe S, et al. Real-time imaging
of de novo arteriovenous malformation in a mouse model of hereditary hemorrhagic
telangiectasia. J Clin Invest. (2009) 119:3487-96. doi: 10.1172/JCI39482

50. Vo-Dinh T, Yan F, Wabuyele MB. Surface-enhanced Raman scattering for medical
diagnostics and biological imaging. ] Raman Spectrosc. (2005) 36:640-7. doi: 10.1002/
jrs.1348

51. Liu GS, Shenson JA, Farrell JE, Blevins NH. Signal to noise ratio quantifies the
contribution of spectral channels to classification of human head and neck tissues
ex vivo using deep learning and multispectral imaging. J Biomed Opt. (2023) 28:16004.
doi: 10.1117/1.JBO.28.1.016004

52. Waterhouse DJ, Privitera L, Anderson ], Stoyanov D, Giuliani S. Enhancing
intraoperative tumor delineation with multispectral short-wave infrared fluorescence
imaging and machine learning. J Biomed Opt. (2023) 28:94804. doi: 10.1117/1.
JBO.28.9.094804

53.Li QL, Xu DR, He XE, Wang YT, Chen ZG, Liu HY, et al. AOTF based molecular
hyperspectral imaging system and its applications on nerve morphometry. Appl Opt.
(2013) 52:3891. doi: 10.1364/A0.52.003891

54.Li FY, Huo HT, Li ], Bai J. Hyperspectral image classification via multiple-feature-
based improved sparse representation. Acta Opt Sin. (2019) 39:351-9. doi: 10.3788/
AOS201939.0528004

55.Liu S, Tan X, Liu CY, Zhu CL, Li WH, Cui S, et al. Recognition of fusarium head
blight wheat grain based on hyperspectral data processing algorithm. Spectrosc Spect
Anal. (2019) 39:3540-6. doi: 10.3964/j.issn.1000-0593(2019)11-3540-07

56. Kong SG, Du Z, Martin M, Vo-Dinh T. Hyperspectral fluorescence image analysis
for use in medical diagnostics. Adv Biomed Clin Diagn Syst. (2005) III:21-8. doi:
10.1117/12.596463

57. Zeng HJ, Jiang JW, Zhao JJ, Wang YZ, Xie XZ. L, , spectral-spatial total variation
regularized hyperspectral image denoising. Acta Photon Sin. (2019) 48:214-28. doi:
10.3788/gzxb20194810.1010002

58. Ravikanth L, Singh CB, Jayas DS, White NDG. Classification of contaminants from
wheat using near-infrared hyperspectral imaging. Biosyst Eng. (2015) 135:73-86. doi:
10.1016/j.biosystemseng.2015.04.007

59. Yan R, Peng J, Ma D, Wen D. Spectral tensor synthesis analysis for hyperspectral
image spectral-spatial feature extraction. J Indian Soc Remote Sens. (2019) 47:91-100.
doi: 10.1007/s12524-018-0873-0

60. Wang Q, Wang JB, Zhou M, Li QL, Wang YT. Spectral-spatial feature-based neural
network method for acute lymphoblastic leukemia cell identification via microscopic
hyperspectral imaging technology. Biomed Opt Express. (2017) 8:3017-28. doi: 10.1364/
BOE.8.003017

Frontiers in Medicine

14

10.3389/fmed.2023.1235955

61. Ishikawa M, Okamoto C, Shinoda K, Komagata H, Iwamoto C, Ohuchida K, et al.
Detection of pancreatic tumor cell nuclei via a hyperspectral analysis of pathological
slides based on stain spectra. Biomed Opt Express. (2019) 10:4568-88. doi: 10.1364/
BOE.10.004568

62. Torti E, Florimbi G, Castelli F, Ortega S, Fabelo H, Callic6 G, et al. Parallel k-means
clustering for brain cancer detection using hyperspectral images. Electronics (Basel).
(2018) 7:283. doi: 10.3390/electronics7110283

63.Duan YFE. Research on the recognition of cholangiocarcinoma microscopic
hyperspectral image based on deep learning. Shanghai: East China Normal University
(2020).

64. Aloupogianni E, Ichimura T, Hamada M, Ishikawa M, Murakami T, Sasaki A, et al.
Hyperspectral imaging for tumor segmentation on pigmented skin lesions. J Biomed
Opt. (2022) 27:106007. doi: 10.1117/1.JBO.27.10.106007

65. Li QL, Liu Z. Tongue color analysis and discrimination based on hyperspectral
images. Comput Med Imaging Graph. (2009) 33:217-21. doi: 10.1016/j.
compmedimag.2008.12.004

66. Li QL, Wang YT, Liu HY, Sun Z, Liu Z. Tongue fissure extraction and classification
using hyperspectral imaging technology. Appl Opt. (2010) 49:2006. doi: 10.1364/
A0.49.002006

67. Mahmoud A, El-Sharkawy YH. Quantitative phase analysis and hyperspectral
imaging for the automatic identification of veins and blood perfusion maps. Photodiagn
Photodyn Ther. (2023) 42:103307. doi: 10.1016/j.pdpdt.2023.103307

68. Hamilton SJ, Lowell AE, Lodder RA. Hyperspectral techniques in analysis of oral
dosage forms. J Biomed Opt. (2002) 7:561-70. doi: 10.1117/1.1501884

69. Zherdeva L.A., Bratchenko I.A., Myakinin O.O., Moryatov A.A., Kozlov S.V,,
Zakharov V.P, et al. (2016). "In vivo hyperspectral imaging and differentiation of skin
cancer," in International Society for Optics and Photonics, 100244G

70. Kiyotoki S, Nishikawa J, Okamoto T, Hamabe K, Saito M, Goto A, et al. New
method for detection of gastric cancer by hyperspectral imaging: a pilot study. ] Biomed
Opt. (2013) 18:26010. doi: 10.1117/1.JBO“18.2.026010

71. Fabelo H., Ortega S., Kabwama S., Callico G.M., Bulters D., Szolna A., et al. (2016).
"Helicoid project: a new use of hyperspectral imaging for brain cancer detection in real-
time during neurosurgical operations,” in SPIE commercial + Scientific Sensing &
Imaging, 986002.

72.Chin JA, Wang EC, Kibbe MR. Evaluation of hyperspectral technology for
assessing the presence and severity of peripheral artery disease. J Vasc Surg. (2011)
54:1679-88. doi: 10.1016/.jvs.2011.06.022

73. Jeffcoate W, Clark DJ, Savic N, Rodmell PI, Hinchliffe R], Musgrove A, et al. Use
of HSI to measure oxygen saturation in the lower limb and its correlation with healing
of foot ulcers in diabetes. Diabet Med. (2015) 32:798-802. doi: 10.1111/dme.12778

74. Kajino A, Bai W, Takayanagi M. Identification of peach and apricot kernels for
traditional chinese medicines using nearinfrared spectroscopy. Vib Spectrosc. (2021)
113:103202. doi: 10.1016/j.vibspec.2020.103202

75.Li M, Zhang XB, Liu SB, Chen XF, Huang LQ, Shi T'T, et al. Partly interpretable
machine learning method of ginseng geographical origins recognition and analysis by
hyperspectral measurements. Spectrosc Spect Anal. (2022) 42:1217-21. doi: 10.3964/j.
issn.1000-0593(2022)04-1217-05

76. Zou JP, Wei X. Target detection of the mycogone perniciosa of agaricus bisporus
based on the microscopic hyperspectral images. Fujian Agric Sci Tech. (2022) 53:1-8.
doi: 10.13651/j.cnki.finykj.2022.02.001

77. Djokam M, Sandasi M, Chen W, Viljoen A, Vermaak I. Hyperspectral imaging as
a rapid quality control method for herbal tea blends. Appl Sci. (2017) 7:268. doi: 10.3390/
app7030268

78.Shi JY, Zou XB, Zhang DT, Chen ZW, Zhao JW. Determination of total flavonoid
content distribution on different color ginkgo biloba leaves. Trans Chin Soc Agric Mach.
(2014) 45:242-5. doi: 10.6041/j.issn.1000-1298.2014.11.037

79. Shi J, Chen W, Zou X, Xu Y, Huang X, Zhu Y, et al. Detection of triterpene acids
distribution in loquat (eriobotrya japonica) leaf using hyperspectral imaging. Spectrochim Acta
A Mol Biomol Spectrosc. (2018) 188:436-42. doi: 10.1016/j.saa.2017.07.023

80.Cui R, Yu H, Xu T, Xing X, Cao X, Yan K, et al. Deep learning in medical
hyperspectral images: a review. Sensors. (2022) 22:9790. doi: 10.3390/522249790

81. Akram AA, Sulaiman HS, Al-Douri AT, Hamad MA, Selvi D, Mohamed IA.
Hyperspectral image analysis of colon tissue and deep learning for characterization of
health care. ] Environ Public Health. (2022) 2022:8670534. doi: 10.1155/2022/8670534

82. Ishmukhametov I, Batasheva S, Fakhrullin R. Identification of micro- and
nanoplastics released from medical masks using hyperspectral imaging and deep
learning. Analyst (London). (2022) 147:4616-28. doi: 10.1039/d2an01139¢

83.La Salvia M, Torti E, Leon R, Fabelo H, Ortega S, Martinez-Vega B, et al. Deep

convolutional generative adversarial networks to enhance artificial intelligence in
healthcare: a skin cancer application. Sensors. (2022) 22:6145. doi: 10.3390/s22166145

frontiersin.org


https://doi.org/10.3389/fmed.2023.1235955
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.11728/cjss2021.01.022
https://doi.org/10.13305/j.cnki.jts.2022.01.009
https://doi.org/10.13305/j.cnki.jts.2022.01.009
https://doi.org/10.1162/089976601300014385
https://doi.org/10.1016/j.stem.2016.11.004
https://doi.org/10.1109/ACCESS.2018.2812999
https://doi.org/10.1109/ACCESS.2018.2812999
https://doi.org/10.1088/0031-9155/50/23/001
https://doi.org/10.1117/1.2003369
https://doi.org/10.1177/0003702818809719
https://doi.org/10.1172/JCI39482
https://doi.org/10.1002/jrs.1348
https://doi.org/10.1002/jrs.1348
https://doi.org/10.1117/1.JBO.28.1.016004
https://doi.org/10.1117/1.JBO.28.9.094804
https://doi.org/10.1117/1.JBO.28.9.094804
https://doi.org/10.1364/AO.52.003891
https://doi.org/10.3788/AOS201939.0528004
https://doi.org/10.3788/AOS201939.0528004
https://doi.org/10.3964/j.issn.1000-0593(2019)11-3540-07
https://doi.org/10.1117/12.596463
https://doi.org/10.3788/gzxb20194810.1010002
https://doi.org/10.1016/j.biosystemseng.2015.04.007
https://doi.org/10.1007/s12524-018-0873-0
https://doi.org/10.1364/BOE.8.003017
https://doi.org/10.1364/BOE.8.003017
https://doi.org/10.1364/BOE.10.004568
https://doi.org/10.1364/BOE.10.004568
https://doi.org/10.3390/electronics7110283
https://doi.org/10.1117/1.JBO.27.10.106007
https://doi.org/10.1016/j.compmedimag.2008.12.004
https://doi.org/10.1016/j.compmedimag.2008.12.004
https://doi.org/10.1364/AO.49.002006
https://doi.org/10.1364/AO.49.002006
https://doi.org/10.1016/j.pdpdt.2023.103307
https://doi.org/10.1117/1.1501884
https://doi.org/10.1117/1.JBO“18.2.026010
https://doi.org/10.1016/j.jvs.2011.06.022
https://doi.org/10.1111/dme.12778
https://doi.org/10.1016/j.vibspec.2020.103202
https://doi.org/10.3964/j.issn.1000-0593(2022)04-1217-05
https://doi.org/10.3964/j.issn.1000-0593(2022)04-1217-05
https://doi.org/10.13651/j.cnki.fjnykj.2022.02.001
https://doi.org/10.3390/app7030268
https://doi.org/10.3390/app7030268
https://doi.org/10.6041/j.issn.1000-1298.2014.11.037
https://doi.org/10.1016/j.saa.2017.07.023
https://doi.org/10.3390/s22249790
https://doi.org/10.1155/2022/8670534
https://doi.org/10.1039/d2an01139e
https://doi.org/10.3390/s22166145

	Bibliometric analysis of the current status and trends on medical hyperspectral imaging
	1. Introduction
	2. Materials and methods
	2.1. Samples selection
	2.2. Methods

	3. Results
	3.1. Bibliometric analysis
	3.1.1. Development trends
	3.1.2. Country/region distribution
	3.1.3. Core author distribution
	3.1.4. Institutional distribution
	3.1.5. Journal distribution
	3.1.6. Citation analysis
	3.1.7. Keywords analysis
	3.2. Research content in MHSI
	3.2.1. Applied technology analysis
	3.2.2. Scope oriented analysis

	4. Discussion
	4.1. Research status
	4.2. Future research directions in MHSI

	5. Conclusion
	Author contributions

	References

