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Abstract: This article aims to provide reference for medicine-engineering interdisciplinary research. Targeted at
the scientific literature and patent literature published by Shanghai Jiao Tong University, this article attempts to
set up co-occurrence matrix of medicine-engineering institutional information which was extracted from address
fields of the papers, so as to construct the medicine-engineering intersection datasets. The dataset of scientific
literature was analyzed using bibliometrics and visualization methods from multiple dimensions, and the most
active factors, such as trends of output, journal and subject distribution, were identified from the indicators of
category normalized citation impact (CNCI), times cited, keywords, citation topics and the degree of medicine-
engineering interdisplinary. Research on hotspots and trends was discussed in detail. Analyses of the dataset
of patent literature showed research themes and measured the degree for technology convergence of medicine-
engineering.
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0 Introduction

The history of scientific development shows that the
crossover and integration of life sciences, engineering
and physical science generates new disciplines and has
a significant impact on human life. Since the 21st cen-
tury, the life sciences research has developed rapidly
and intersected with groundbreaking inventions in the
fields of mechanics, optics, materials, electronics and
computer to address the major challenges in the ar-
eas of medicine, health and life today™. In 2015, the
United States launched the “Precision Medicine Ini-
tiative”, which proposed an ambitious vision and spe-
cific goals for future disease treatment and personalized
health, kicking off a new medicine-engineering era. Just
like the medical revolution created by the rise of molec-
ular biology in the last century, medical-related indus-
tries represented by cutting-edge engineering technolo-
gies, such as medical big data, artificial intelligence,
brain science and precision medicine, are promoting
the progress of medical technology with unprecedented

Received: 2021-04-16  Accepted: 2021-07-08

Foundation item: the Key Research Fund for CALIS Na-
tional Information Center in Medicine (No. CALIS-
2020-01-001)

+E-mail: dengpw@shsmu.edu.cn

Document code: A

power.

At present, the research of intersection of medicine
and engineering usually focuses on two aspects. One
is the qualitative research based on management per-
spective, for example, the research on the feasibility
demonstration of building medicine-engineering inter-
section platform in universities, the approval of project
topics, and the scope and way of cooperation in the
implementation process of medicine-engineering inter-
section. The research is mostly in the form of ques-
tionnaire survey and interview. For example, Wang
et al.l2 analyzed the performance of key projects of
clinical medicine disciplines of Fudan University and
concluded that the intersection and penetration of clin-
ical disciplines and basic disciplines, as well as med-
ical disciplines and science & engineering disciplines,
should be actively promoted. Office of Research Man-
agement of Shanghai Jiao Tong University[® and Sci-
entific Research Department of School of Dentistry
Tongji University[¥ summarized the development di-
rection of medicine-engineering intersection by com-
bining medicine-engineering research in their own uni-
versities. Ji and Liul® used SWOT method to ana-
lyze the advantages, disadvantages, opportunities and
challenges of medicine-engineering interdisciplinary de-
velopment, and explore the development strategy of
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medicine-engineering intersection with the actual sit-
uation of universities. The other is the quantitative
analysis based on funds for medicine-engineering in-
terdisciplinary project and award-winning results. For
example, Dail® conducted a case study analysis of
funded medicine-engineering projects by combining sta-
tistical tools with management methods. Xul” ex-
plored the medical engineering cross patterns by taking
researchers in medicine-engineering funds and award-
winning results as nodes and using the analytical
methods of network science and computer applica-
tions. Few of these studies are quantitative studies of
medicine-engineering cooperation based on a bibliomet-
ric method and from the perspective of scientific collab-
oration.

The intersection of medicine and engineering is the
only way for the innovation and development of mod-
ern medicine, and it is also a historical opportunity for
the eternal development of modern engineering. In the
1970s, a number of world-class universities, such as Har-
vard University and Massachusetts Institute of Tech-
nology, established interdisciplinary research institutes,
which opened the prelude for scientific research insti-
tutions to attach importance to promoting the devel-
opment of medicine and engineering integration!®. In
the 1980s, China promoted the combination of medicine
and engineering work by merging science and engineer-
ing universities with medical colleges and setting up
biomedical engineering majors!®). With the implemen-
tation of the construction of “world-class universities
and first-class disciplines” in China, more and more
colleges and universities have included the intersec-
tion of medicine and engineering in the strategic plan-
ning of creating world-class universities!'?). Shanghai
Jiao Tong University (SJTU) merged with the former
Shanghai Second Medical University in 2005 (Shanghai
Jiao Tong University School of Medicine, hereinafter re-
ferred to as SHSMU). The merged Shanghai Jiao Tong
University follows the law of medical development un-
der the pattern of comprehensive university, integrates
the high-quality resources of the two universities, pro-
motes the mutual intersection and penetration of med-
ical and engineering disciplines, and presents the devel-
opment trend of medical and engineering integration.
In 2005, Shanghai Center for Systems Biomedicine, the
first interdisciplinary research center in China, was es-
tablished, which was built according to the mode of
large discipline and concentrated on first-class talents
in biology, medicine, physics, electronics, mathematics
and computer. In 2007, MED-X Research Institute was
established as an important supporting platform for in-
terdisciplinary research in medical engineering, medical
theory, medical management and medical literature. In
2019, China’s first White Paper on Artificial Intelli-
gence Medical Care was released. In terms of scientific
research achievements, since 2007, “Cross-disciplinary

Research Fund of Medical Engineering” has been set up,
and many supporting projects such as National Natu-
ral Science Foundation of China have hatched. At the
same time, it highlights the clinical application effect of
affiliated hospitals, and produces original achievements
with core technical value by laying out a number of
key projects. In the prevention and control of COVID-
19 epidemic, the medical teams of Ruijin Hospital and
the Ninth People’s Hospital affiliated to SHSMU coop-
erated with the scientific research team of Jiao Tong
University in Wuhan to give full play to the advantages
of Shanghai Jiao Tong University’s powerful medical
discipline and first-class science and engineering disci-
plines, and applied digital technologies such as artificial
intelligence (AI), 5G communication and 3D printing
to the first-line prevention and treatment needs of pa-
tients, hospital sense prevention and control, and logis-
tics support. In a short time, they jointly developed
a series of innovative technologies with independent in-
tellectual property rights, such as “Xiaobai” a new gen-
eration of artificial intelligence robot, an assistant for
wearing and taking off AI protective clothing, a remote
stethoscope with 5G technology, a remote consultation
platform for difficult cases in COVID-19, and a mask-
type anti-infection device based on 3D modeling and
printing technology, and isolation device for preventing
operation from splashing, which were quickly put into
clinical practice and played an active role in the process
of fighting the epidemic.

The development of medicine-engineering crossover
is not only in line with the national “Healthy China”
strategy, but also an important hot spot and trend
in the development of engineering field. In the
post-epidemic era, it is imperative to explore the
crossover model of medicine-engineering development
that is compatible with “Healthy China”. How to
leverage the advantages of comprehensive disciplines
of universities and find the best strategic layout of
medicine- engineering crossover is a question to be con-
sidered. Therefore, through the quantitative study
of the medicine-engineering cooperation of SJTU, this
article presents the situation and characteristics of
medicine-engineering cross-collaboration, explores the
research frontiers and hotspots, and provides reference
for medicine-engineering researchers to carry out cross-
collaboration research, and also expands the depth and
breadth of medicine-engineering interdisciplinary cross-
collaboration, which is of great significance to promote
the construction of scientific and technological innova-
tion capacity of higher education institutions.

1 Related Theories

1.1 Medicine-Engineering Interdisciplinary

Interdisciplinary intersection refers to the research
activity that can break the barriers of existing



J. Shanghai Jiao Tong Univ. (Sci.), 2022

disciplines and organically integrate theories, methods
or thinking of different disciplines into onel*]. As a
new disciplinary research approach, the intersection of
medicine and engineering is still in the stage of con-
tinuous development and change, and it is difficult to
make a clear and unified definition of its concept and
scope. According to the definition of the medicine and
engineering interdisciplinary in a report published by
Beijing Institute of Technology and Elsevier!!l, the so-
called “medicine-engineering interdisciplinary” is short
for “the intersection of medicine and engineering (sci-
ence and literature)”. The scope of “Medicine” covers
various disciplines in life sciences and health, such as
clinical medicine, biology and biochemistry, genetics,
molecular biology, pharmacology and toxicology, neu-
roscience, psychiatry, immunology, and microbiology.
The term “Engineering” refers to a wide range of dis-
ciplines such as engineering, science, humanities and
social sciences other than “medicine”. The term “In-
tersection” emphasizes the overlap between “Medicine”
and “Engineering”. In terms of the methods of in-
tersection, it can be divided into applied medicine-
engineering intersection based on engineering disci-
plines and innovative medicine-engineering intersection
based on medical disciplines. The definition will be fol-
lowed in this article.
1.2 Institutional Cooperation and Medicine-
Engineering Interdisciplinary

The essence of scientific cooperation is the exchange
and integration of knowledge in the same discipline or
between different disciplines!®!. And the essence of in-
tersection is the integration of knowledge from differ-
ent disciplines. From the perspective of scientific com-
munication, the process of intersection of discipline is
achieved through the collaboration of researchers or
scientific institutions from different disciplines in solv-
ing scientific problems beyond a single disciplinel*?.
Therefore, scientific cooperation is gradually the main-
stream way of research of interdisciplinary science.
Lil"3 pointed out that it is the interdisciplinary col-
laboration between authors, teams or institutions that
makes their scientific results interdisciplinary. Bordons
et al.['¥ defined interdisciplinary science as the cooper-
ation between researchers from different fields and that
cooperation can contribute significantly to interdisci-
plinary research. Therefore, although scientific cooper-
ation cannot directly reflect the structural characteris-
tics of interdisciplinary, the unique complexity of inter-
disciplinary research determines that scientific cooper-
ation must become its dominant mode of scientific ac-
tivity. The collection of educational and publication in-
formation of co-authors is extremely challenging in the
face of the vast amount of literature. Since co-authors
contain not only personal information, but also infor-
mation about the relevant research institutions, the dis-
ciplinary attributes of the authors can be determined

by the disciplinary attributes of the institution names.
Therefore, interdisciplinary research can be represented
by a collection of publications from a group of research
institutions with different disciplinary attributes. In
this article, we take the cooperation literature of medi-
cal and engineering institutions of Shanghai Jiao Tong
University as the research object, and try to explore the
situation of institutional cooperation and intersection of
medicine and engineering from the level of address in-
formation of the co-author institutions, so as to reveal
the activity pattern and law of intersection of medicine
and engineering from another perspective.

2 Data and Methods

Scientific literature and patent literature constitute
the data sources of this article. Scientific literature is
an important carrier of scientific knowledge. On the
one hand, the discipline to which scientific literature be-
longs is a direct source to measure the interdisciplinary,
and the institutional address contained in it is the infor-
mation to obtain the data of medicine-engineering in-
tersection in this article; on the other hand, the knowl-
edge absorption and diffusion through scientific litera-
ture can also well present interdisciplinary integration.
Patent literature can better reflect the current develop-
ment trend of science and technology convergence due
to its own legal effect and its characteristic of being
directly transformed into productivity. Therefore, it is
an indispensable part of the data source for the study
of characteristics of medicine-engineering intersection
technology.

When conducting the data pre-survey, we found that,
as all database platforms classify subjects by journals,
most of the medicine-engineering interdisciplinary pa-
pers are singularly classified in engineering subjects
or medical subjects, and the number of medicine-
engineering interdisciplinary papers included in both
subjects is small.  Therefore, searching medicine-
engineering papers from the disciplinary perspective
will affect the rate of data completeness and accuracy.
From Subsection 1.2, it can be seen that creating the
medicine-engineering intersection dataset from the per-
spective of institutional cooperation can better reflect
the activity pattern of medicine-engineering intersec-
tion, and then analyzing the dataset from multiple di-
mensions by using the bibliometric method and the vi-
sualization technique of knowledge mapping can reveal
the development trend of medicine-engineering inter-
section of Shanghai Jiao Tong University and identify
the themes of medicine-engineering intersection.

2.1 Research Data

2.1.1  Creation of SJTU Medicine-Engineering Inter-
disciplinary Dataset Based on Scientific Liter-
ature

In this article, based on the core collection of Web
of Science (WoS) database, the original and review
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types of literature published by Shanghai Jiao Tong
University in the past five years (2016-01-01—2020-06-
14) were selected, and a total of 53 229 valid data were
obtained, and Derwent Data Analyzer (DDA) software
of Clarivate Analytics was used to filter out 39433 pa-
pers in which SJTU researchers were the first author or
corresponding author, and the institutional data were
cleaned to create a medicine-engineering intersection
dataset of SJTU.

(1) Extraction of secondary institutions in the ad-
dress field. Among the 39433 documents published by
SJTU as the first or corresponding author, there are
58020 complete author addresses, and since only the
internal institutions of SJTU medicine-engineering in-
tersection are analyzed, a total of 22263 addresses of
SJTU are filtered. In the data processing of institu-
tional addresses, the feature words that contain Dept,
Hosp, Med, Sch, Ctr, Coll, Inst, Lab, Assoc, Fac, Div,
Stat, Lib, Res, etc. involving secondary institutions
were extracted from the complete addresses of authors
in the target literature using DDA software, based on
the complete citation information in the dataset. Based
on the extracted feature words, a thesaurus was built
to further extract the information of secondary insti-
tutions. Finally, 38 972 secondary institutions were ex-
tracted, covering 39433 literature records, accounting
for 98.83%.

(2) Classification of secondary institutions into med-
ical or engineering discipline based on feature words
of secondary institutions. First, the WoS disciplinary
names were collated with the extracted discipline fea-
ture words in the names of the secondary institutions
of SJTU, and the extracted discipline feature words
were classified into medical and engineering disciplines
according to the WoS discipline classification system.
Due to the complexity and variety of related discipline
feature words contained in the institutional address
names, the discipline information is not unified and
specific enough to achieve fully detailed institutional
discipline matching. Therefore, during the data pro-
cessing of institutional addresses, the details below are
to be followed: (D What is shown in the institutions
are generally abbreviations of professional terms, such
as Med, Bio, Surg, and Hosp. Most of them are
relatively clear, and we can directly determine their
medical discipline attributes based on them. However,
there are some terms like Inst Nat Sci, Natl Engn Res
Ctr Die, etc. that are relatively difficult to determine,
and we need to manually search for them in combi-
nation with the full name of the author institution
to finally clarify their specific disciplinary affiliation.
@ For institutions such as Sch Biomed Engn, Med
X Res Insitute, Bio Inst X, and Inst Med Robot,
which contain words characteristic of both medical and
engineering disciplines, they are considered as inter-
disciplinary institutions of medicine and engineering,

and are classified into two disciplines of medicine and
engineering respectively. Finally, these feature words
were aggregated and organized, and a total of 313
words were obtained for both medical and engineering
disciplines. For records that could not be matched
using the disciplinary feature words, the unmatched
records were identified one by one by combining the
manual verification method, while supplementing and
improving the initial disciplinary feature words in the
lexicon. After several rounds of screening, finally 38 965
documents with disciplinary information of secondary
institutions were correctly identified, covering 38972
document records, accounting for 99.98% of the total.

(3) Re-extraction of institutions in the address field
and subdivision. Based on the information of medicine
and engineering institutions grouped in 38965 docu-
ments obtained, a co-occurrence matrix of medicine-
engineering intersection of institutions within Shang-
hai Jiao Tong University was constructed, and 3002
valid data of medicine-engineering intersection of SJTU
were obtained. A new dataset was created for the 3 002
documents, and new fields were created for the med-
ical and engineering groups that had been cleaned to
contain only the addresses of SJTU institutions, and
each SJTU institution was subdivided again from the
new medical and engineering fields. The principles
are followed in the process of subdividing the medi-
cal and engineering institutions: (D The number of in-
stitution groups equals to the number of institutions
appear in the address, and there is no strict distinc-
tion between primary, secondary, tertiary, etc. insti-
tutions. @ In the medical field of SJTU, only the
medical-related and medicine-engineering-related insti-
tution groups are kept; in the engineering field of SJTU,
only the engineering-related and medicine-engineering-
related institution groups are kept.

2.1.2  Creation of SJTU Medicine-Engineering Inter-
section Dataset Based on Patent Literature

In this article, we use Patyee Database to retrieve
the patents applied by SHSMU in Chinese mainland
from January 1, 2016 to June 14, 2020, with the dis-
closure date before May 30, 2021, and by constructing
the search expression of SHSMU, which includes 56 re-
search institutes and 13 affiliated hospitals, we got a
total of 2354 patent applications of SHSMU. Similarly,
by using DDA co-occurrence matrix analysis, we ob-
tained a total of 105 patent applications by SHSMU in
cooperation with SJTU. The processing flow is detailed
as follows.

D Since the institutional address of the applicant
of the patent documents can only be displayed to the
first-level institution, the patent documents applied by
SHSMU were retrieved first. @ The patent documents
of the two institutions whose applicants were from
SHSMU and SJTU were extracted separately, and the
cross-data set of medicine and engineering of SHSMU
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and SJTU was constructed, and the trend analysis and
subject identification were carried out. 3 With refer-
ence to the 35 technology classifications of World Intel-
lectual Property Organization (WIPO), the technology
converging analysis was carried out.

2.2 Research Methods
2.2.1 Research Method Based on Scientific Literature

The InCites platform is a research evaluation tool
built by Thomson Reuters Group based on the collec-
tion and analysis of data from seven indexed databases
in the WoS core collection. In this article, by using the
InCites platform, the development trends of this field
are discussed from the aspects of the change trend of
published papers, the proportion of top 10% papers,
the level of influence, and citation topics of medicine-
engineering intersection area, through the indicators
such as category normalized citation impact (CNCI),
times cited, and key words.

Software such as Citespace, DDA and VOSviewer is
used to analyze periodical bibliographic coupling, jour-
nals dual-map overlay and source co-citation of papers
in medicine-engineering intersection area. The princi-
ple of periodical bibliographic coupling is to establish
the relationship between journals through the coinci-
dence degree of the same references cited by different
journals. The basic assumption is that the greater the
amount of literature coupled between two journals, the
more similar the two journals'®). Journals dual-map
overlay is realized on the basis of single-map overlay of
all-discipline journals, and contains two basemaps!'%.
The figure on the left is a periodical cluster map es-
tablished according to the citation relationship of pe-
riodicals (called citing journal map), which represents
the knowledge base. On the right is a periodical cluster
map['” established according to the cited journal map,
which represents the output, application or diffusion of
knowledge. The number of arcs in the map can show
the frequency of knowledge flow among disciplines. The
more the arcs, the higher the frequency of knowledge
flow. The right side can reflect the knowledge sources
of disciplines, the position of curve endpoints and the
density degree of distribution represent the absorption
of different knowledge by disciplines, and the number
of curves reflects the knowledge sources of disciplines.
Overlay maps of disciplines can directly show the degree
of cross-discipline and the cluster of disciplines with
high similarity'8). WoS$ discipline classification is clus-
tered into 19 major discipline areas, and each discipline
area corresponds to a label. Each node in the graph
represents a WoS discipline classification, the size of the
node represents the relative number of literatures, and
the distance between the nodes represents the closeness
of disciplines.

Rao-Stirling index which integrates the variety, bal-
ance and disparity of subject diversity can measure the
degree of interdisciplinary literature'®. The measure-

ment formula is as follows:

D=3 (1-Sy)PP;, (1)
i#]

where, 1 — S;; represents the distance between sub-
ject ¢ and subject j; S;; is the similarity between sub-
jects ¢ and j; P; is the proportion of the ith subject.
From the definition of medicine-engineering interdisci-
plinary concept, in this article the medical and engi-
neering disciplines include several disciplines, such as
clinical medicine, biomedicine, neuroscience and so on
in medical disciplines; physics, chemistry, engineering
and other disciplines in engineering disciplines, which
reflects the diversity of medicine-engineering interdisci-
plinary. Therefore, the Rao-Stirling index can be used
as a comprehensive index to measure the degree of
medicine-engineering interdisciplinary. Normally, the
secondary institutions can reflect their related disci-
plines to a certain extent, so this article attempts
to explore the degree of medicine-engineering interdis-
ciplinary through the Rao-Stirling index of coopera-
tion between medical and engineering institutions of
SJTU.
2.2.2  Research Method Based on Patent Literature
With the development of medicine-engineering inter-
disciplinary, it has gradually shown a new trend of
medicine-engineering cross-technology, and evolved a
new concept of “medicine-engineering technology con-
verging”. Technology converging is based on the in-
tegration and reorganization of existing technologies
in different fields??). Therefore, the intersection of
technologies in medicine-engineering field is medicine-
engineering technology converging. This article takes
patent literature as the entry point to explore medicine-
engineering technology convergence. First, patent lit-
erature is by far the best unit to measure technology
converging?!. Second, it can better reflect the current
development trend of convergence of science and tech-
nology. Luan and Qinl?? designed a series of converg-
ing indices based on the Derwent classification (DC)
system of 20 technology ministry categories, including
technology converging index, average technology con-
verging index, and average converged index. In this
article, the technology convergence index is suitable for
the measurement of medicine-engineering intersection
converging with the following formula:

TClap = Nag/Na, (2)

where, TCI is the converging index; TCl4p is the con-
verging index of technology A converging technology B;
N, indicates the number of patents contained in tech-
nology field A; Nap is the number of patents belonging
to both technology field A and technology field B. This
index is used to measure the degree of technology con-
verging with another specific technology. The larger the
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value, the higher the degree of convergence of the two
technologies. For example, if a medical technology field
contains 50 patents, and the medical technology field
and the engineering technology field jointly contain 20
patents, then the degree of convergence of the medical
technology field with the engineering technology field is
TCI=0.4.

Patyee Database is a patent search and analysis soft-
ware developed by Aokai based on the patent data cen-
ter. In this article, the patent search function of Patyee
is used to search the domestic patent applications of
SHSMU, and the comprehensive patent analysis func-
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tion of Patyee platform is used to analyze the search
results in detail.

3 Research Results

According to the information of medical and en-
gineering institutions obtained after data processing,
3002 papers of medicine-engineering intersection in
SJTU were obtained through DDA co-occurrence ma-
trix analysis. There are 5 participating medical sec-
ondary institutions, such as the right institutions in
Fig. 1; 20 engineering secondary institutions, such as

Shanghai Jiao Tong
University School of
Medicine

Wl 8

School of Biomedical
Engineering

School of Life Sciences
and Biotechnology

b School of Agriculture
and Biology

' School of Pharmacy

Fig. 1 SJTU Intersection histogram of secondary institutions of medicine and engineering

the left institutions in Fig. 1; 61 medicine-engineering

intersection institutions®.

3.1 Trends and Impact Levels of SJTU
Medicine-engineering Interdisciplinary
Publications

As the main force of SJTU medical institutions,

SHSMU has always attached importance to clinical

practice, which occupies a very unique advantage in

SJTU medicine-engineering intersection and is able to

develop a number of clinical medical science and tech-

nology innovation results mainly in innovation. In re-
cent years, the cooperation between SHSMU and the

Engineering Institution of SJTU has been very close,

®Medicine—engineering intersection institutions are sci-
entific research institutions engaged in crossover research
of medical engineering and medical science. By infiltrat-
ing and integrating medical science with different disci-
plines such as engineering and science, the main goal is
to develop medicine-engineering intersection and promote
crossover and translational medical research institutions,
such as Institute of Biomedical Manufacturing and Qual-
ity of Life Engineering, Institute of Medical Robotics, and
Institute of Nano-Biomedical Engineering.

as can be seen in Fig. 1, where the SHSMU and the
Engineering Institution of SJTU collaborated to pub-
lish 1198 papers®, which ranked the first among the
medical institutions of SJTU. The crossover between
SHSMU and School of Biomedical Engineering is the
most significant (the thicker the line in the bar graph,
the more significant the crossover), with 608 papers
published, followed by School of Chemistry and Chemi-
cal Engineering (297 papers), School of Electronic Infor-
mation and Electrical Engineering (224 papers), School
of Materials Science and Engineering (169), and School
of Mechanical Engineering (74), with a significant inter-
section of engineering disciplines such as biology, chem-
istry, computer science, electrical and electronic engi-
neering, materials science, physics, and engineering.
The annual publication volume and citation fre-
quency can reflect the research development trend and
influence level, which is one of the important refer-
ence indicators for evaluating the discipline develop-
ment. As shown in Fig. 2, the number of collaborative

@Since a paper will be done by more than two institutions
in most cases, there will be overlapped in the publication
statistics of intersection institution.
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publications of medicine-engineering intersection insti-
tutions of SJTU has been increasing year by year (the
data collection time of this article ends in June 2020,
so the number of publications in this year is incomplete
and is not included in the statistics), and the citation
frequency also shows an increasing trend, which indi-
cates that SJTU attaches importance to the intersec-
tion and integration of medicine-engineering disciplines,
and in the process of promoting medicine-engineering
intersection, the influence of literature of medicine-
engineering interdisciplinary also increases year by year.
Here, N, is the number of publications and N is times
cited.

900 112

=== Pyblications 855
—— Times cited

600 563

300

0 0
2016 2017 2018 2019

Fig. 2 Trends of SJTU medicine-engineering interdisci-
plinary publications and citations from 2016 to 2019

CNCI reflects the relative index of the influence of
scientific research achievements after eliminating the in-
fluence of disciplines!?®l. The CNCI value is equal to 1,
indicating that the cited performance (cited frequency,
cited percentage, etc.) of this group of papers is equiv-
alent to the global average level; if it is greater than 1,
the cited performance of this group of papers is higher
than the global average level; if it is less than 1, the
cited performance of this group of papers is lower than
the global average level. Figure 3 shows the CNCI of the
medicine-engineering intersection papers of SJTU from
2016 to 2020. On the whole, the CNCI value (1.29)
of medicine-engineering intersection is higher than the
average value (1.25) of all disciplines, and also signifi-
cantly higher than the global benchmark value (1) and
the benchmark value (1.2) of C9 universities in Chi-
nese mainland, which indicates that the citation influ-
ence (paper quality) of the overall papers of medicine-
engineering intersection in SJTU is above the global
average level and also above the average level of C9
universities in Chinese mainland.

3.2 Distribution and Knowledge Diffusion
of Medicine-Engineering Interdisciplinary
Journals

The source journals of medicine-engineering interdis-
ciplinary literature in SJTU can reflect the knowledge

1.25

1.29

02 04 06 08 10 12 14 16
CNCI

& Baseline for all items

o -

® Global baseline

= Shanghai Jiao Tong University

= Shanghai Jiao Tong University (medicine
and engineering interdisciplinary)

Fig. 3 CNCI of medicine-engineering intersection papers
from 2016 to 2020

carriers of medicine-engineering intersection research.
The statistical analysis of the distribution of the source
journals of medicine-engineering intersection research
results is shown in Fig. 4, where IN; represents journal
sorts. On the whole, the research results of medicine-
engineering intersection come from 940 publications,
and from the power distribution of the number of jour-
nal issues, as shown in the left of Fig.4. Although
the source journals are extensive, a large number of
results are still concentrated in a few journals, and
these few journals form the source journals of medicine-
engineering intersection. The top 10 source journals in
terms of number of publications are listed on the right
of Fig. 4. The density of journals for the coupling anal-
ysis is shown in Fig. 5. The font size of the elements
in the figure is used to distinguish the difference in the
number of publications of each journal, and the larger
the font size, the more the papers published. The po-
sition of journals in the two-dimensional space reflects
the similarity between journals, and the closer the dis-
tance, the more similar the journals. The density map
can clearly divide the journals into two major clusters:
one is the journals representing interdisciplinary and
frontier area of medicine such as Scientific Reports; the
other journal cluster is the journals representing aspects
of applied materials and engineering fields such as ACS
Applied Materials & Interfaces.

Knowledge diffusion is also called “knowledge
flow”?4. Chen and Hicks[?! believed that knowledge
diffusion refers to the change and application of knowl-
edge recorded in scientific publications. From the per-
spective of citation analysis, knowledge diffusion refers
to the inheritance of knowledge in scientific literature
through citation, also known as “knowledge diffusion
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Fig. 5 Coupling analysis on journals of SJTU medicine-engineering interdisciplinary papers from 2016 to 2020

based on citation”. In this article, CiteSpace is used
to draw the double overlay map of journals to ana-
lyze the medicine-engineering interdisciplinary publi-
cations of SJTU at the journal level, so as to help
discover the knowledge flow of medicine-engineering
intersection in SJTU. Figure 6 shows the double over-
lay map analysis of the journals publishing papers
of medicine-engineering intersection of SJTU and the
journals cited by the medicine-engineering intersection
of SJTU. From the left part, we can see that the ac-
tive medicine-engineering fields are physics, materials
and chemistry. The representative journals in this field
are mainly Organic Letters (48 papers). In addition
to citing their own disciplines, they mainly cited the
molecular, biological, and immunological journals such
as Journal of the American Chemical Society (3773 pa-
pers), Angewandte Chemie International Edition (2823
papers), and Biomatierials (1678 papers). In the dis-
ciplines like molecular, biology and immunology, the
representative journals in this field are Oncotarget (38
papers) and Theranostics (28 papers). Besides their

own disciplines, they mainly cited Nature (2701 pa-
pers), PNAS (2345 papers), and Science (2071 papers)
in the disciplines like physics, materials and chemistry
from the right part. In contrast, the density of medical,
healthcare and clinical journals is relatively low, but
Medical Physics (17 papers) and International Journal
of Computer Assisted Radiology and Surgery (11 pa-
pers) in this field have also published many medicine-
engineering interdisciplinary papers of SJTU. The ba-
sis of this part of knowledge comes from its own dis-
ciplines, and the other from mathematics, mechanics,
systems, computers and other disciplines. It can be
seen that the knowledge base and knowledge diffu-
sion of medicine and engineering interdisciplinary re-
search of SJTU mainly come from the disciplines such
as molecular, biology, immunology, medicine and clini-
cal medicine in medical disciplines, and physics, mate-
rials, chemistry, computer, mathematics and mechanics
in engineering disciplines.

In order to better show the disciplinary distribu-
tion of medicine-engineering research results at SJTU,
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Fig. 7 Overlay maps of SJTU medicine-engineering disciplines from 2016 to 2020

this section uses VOSviewer software to draw the over-
lap. As shown in Fig. 7, the disciplinary distribution
of medicine-engineering research results at SJTU is
wide, but mainly concentrated in biomedical science,
materials science, chemistry, computer science, clini-
cal medicine, clinical psychology, and mechanical en-
gineering. The largest distribution of literature is in
the biomedical science field, with multidisciplinary sci-
ence being the largest node. In addition, biochem-
istry molecular biology, cell biology, and medicine re-
search experimental and genetics heredity are also rel-
atively large nodes, which indicates that the amount of
literature related to them is relatively large and can
be regarded as the current research hotspots of the
SJTU medicine-engineering intersection. The engineer-
ing discipline most closely associated with medical dis-
ciplines such as clinical medicine, infectious diseases,
and biomedicine is chemistry, followed by materials sci-

ence, physics, etc. Among the clinical medicine disci-
plines, engineering biomedicine is the largest node, and
surgery, cardiovascular system, internal medicine, oral
surgery, gastroenterology and hepatology, orthopedics,
pediatrics, and respiratory system are also relatively
large nodes. Among them, engineering biomedicine is
most closely associated with mathematical computa-
tional biology.

Using VOSviewer and DDA software to calculate the
Rao-Stirling index of cooperation literature between
SHSMU and SJTU, as shown in Table 1, we can un-
derstand the diversified integration degree of SJTU
medicine-engineering interdisciplinary. There are three
levels about the degree of interdisciplinary literature.
The Rao-Stirling index of most literature is between
0.2 and 0.5, which belongs to the moderate interdis-
ciplinary literature. Those greater than 0.5 belong
to highly interdisciplinary level. Those less than 0.2
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belong to low-levell'¥). From Table 1, it can be seen
that the overall literature of medicine-engineering in-
terdisciplinary in SJTU belongs to highly interdisci-
plinary literature, indicating that the overall degree of
medicine-engineering interdisciplinary in SJTU is high.
The degree of cooperation literature between SHSMU
and School of Biomedical Engineering is the highest,
followed by the cooperation literature between SHSMU

and Schools of Mechanical Engineering, Mathematical
Science, Physics and Astronomy, and Electronic In-
formation and Electrical Engineering. Although more
literature cooperated between SHSMU and School of
Chemistry and Chemical Engineering cooperation, the
Rao-Stirling index of them is 0.47, which belongs to
moderate interdisciplinary level, i.e., moderate overall
degree of interdisciplinary.

Table 1 Rao-Stirling index of SJTU medicine-engineering interdisciplinary literature

Medicine-engineering intersection institution

Rao-Stirling index

Medicine-Engineering Intersection (overall) 0.74
SHSMU - School of Biomedical Engineering Intersection 0.82
SHSMU - School of Chemistry and Chemical Engineering Intersection 0.47
SHSMU - School of Electronic Information and Electrical Engineering Intersection 0.69
SHSMU - School of Mechanical Engineering Intersection 0.78
SHSMU - School of Naval Architecture, Ocean & Civil Engineering Intersection 0.63
SHSMU - Antai College Economics & Management Intersection 0.65
SHSMU - School of Mathematical Science, Physics and Astronomy Intersection 0.72

3.3 Analysis of Research Hotspots and Trends
in SJTU Medicine-Engineering Interdisci-
plinary Field

Keywords extracted from papers could represent a
specific research direction, research topic, or subject of

a field. Higher frequency of keywords means stronger

correlation in this field, which can further suggest

that these keywords are related to a specific research
topic26l. In this article, DDA software is selected to
extract and clean the subject words. On the one hand,

DDA software has powerful data cleaning capability;

on the other hand, the software can disassemble and

get an optimized phrase no matter how long the text is
through the natural language processing (NLP) tech-

photothermal therapy

nology, and at the same time, the term frequency-
inverse document frequency (TF-IDF) technique is used
to evaluate the importance of a particular topic word
to a document set and assign weights. These func-
tions enable the subject word sets of SJTU medicine-
engineering literature to show a certain degree of im-
portance. The titles, keywords and abstracts of 3002
papers were subject to NLP, and the obtained word
sets were further organized to remove distracting fac-
tors. Then the word sets obtained by NLP technique
were analyzed and assigned weights by TF-IDF word
frequency inverse document technique to build the top
50 subject word sets, and the visualization results were
derived, as shown in Fig. 8. The weight of each word

lung cancer

machine learning

major depressive disorder (MDD)
photodynamic therapy ...
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Fig. 8 Keywords of SJTU medicine-engineering interdisciplinary field from 2016 to 2020
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is proportional to the frequency of occurrence, and it
can be seen that “deep learning”, “Parkinson’s disease
(PD)”, “oxidative stress”, “drug delivery”, “photody-
namic therapy (photothermal therapy)”, “gut micro-
biota”, “non-small cell lung cancer (NSCLC)”, “3D
printing”, “convolutional neural network”, “circulating
tumor cells”, “long lung coding RNA”, “bone regen-
eration”, “gold nanoparticles”, and “inflammatory cy-
tokine” are still high-frequency keywords in the field of
SJTU medicine-engineering intersection field.
Research is a dynamic ecosystem. As authors ad-
vance their fields by publishing new papers that cite
existing ones, research topics diversify, new topics de-
but and older topics fall into declinel?”. In 2020, Clar-
ivate launched citation topics, which aggregates nearly
70 million papers into discrete clusters of relevant lit-
erature based on the strength of citation relationships,
and these clusters form the core of citation topics. The
approach is to build a classification system contain-
ing 10 macro citation topics, 326 meso citation top-
ics, and 2444 micro citation topics, from broad macro
topics to narrow micro topics to explore details layer
by layer, so as to better understand the most impor-
tant and significant research themes and directions in
the field. The analysis shows that from 2016 to 2020,
the literature of SJTU medicine-engineering field is in-
volved in 9 macro citation topics, including clinical
and life sciences, chemistry, electrical engineering, elec-
tronics and computer science, engineering and mate-
rial science, and physics, as well as 202 meso cita-
tion topics and 651 micro citation topics. Since the
medicine-engineering theme should have a high degree
of medicine-engineering discipline distribution, and the

Meso citation topics

important topics of medicine-engineering intersection
should have a certain cumulative frequency, this article
extracts the top 2 micro citation topics from the first
5 macro citation topics in order of citation frequency
from highest to lowest, so as to constitute the top 10
themes of SJTU medicine-engineering field, as shown
in Fig. 9. Among them, 2.67 Nanoparticles micro ci-
tation topic under the chemical macro citation topics
involves the 151 documents retrieved from the previous
search, with 2928 citations and CNCI of 1.67, includ-
ing 2.67.370 Magnetic Nanoparticles, 2.67.47 Surface-
Enhanced Raman Scattering, 2.67.231 Silver Nanopar-
ticles and other micro citation topics, which are cur-
rently the most important research hotspots in the
SJTU medicine-engineering field; 1.196 Micro & Long
Noncoding RNA micro citation topic under the macro
citation topics of Clinical & Life Sciences involves 72
papers with 1342 citations, and the micro citation top-
ics of 1.120 Inflammatory Bowel Diseases & Infections
involves 37 papers with 1244 citations, which are the
more important research topics in the SJTU medicine-
engineering field. In addition, 7.12 Metallurgical En-
gineering and 7.251 Electrical-Harvesting & Discharg-
ing micro citation topics under Engineering & Materi-
als Science macro citation topics, 4.17 Computer Vi-
sion & Graphics and 4.61 Artificial Intelligence & Ma-
chine Learning under the Electrical Engineering, Elec-
tronics & Computer Science macro citation topics, and
5.250 Imaging & Tomography and 5.38 Optical Elec-
tronics & Engineering under the macro citation top-
ics of Physics also reflect the more significant current
research directions in the SJTU medicine-engineering
field.

N,=2928
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Fig. 9 Citation topics in SJTU medicine-engineering interdisciplinary field from 2016 to 2020
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3.4 Analysis of SJTU Medicine-Engineering
Technology Convergence

Patent literature is an important literature to mea-
sure the level of industry-university research in uni-
versities. During 2016—2020, the number of patent
co-applications between SHSMU and SJTU is 105, as
shown in Fig. 10. The more the cooperation, the thicker
the two-node connecting line. Most of them are the
patents applied by the Ninth People’s Hospital in coop-
eration with Shanghai Jiao Tong University. The top 10
patents in technical fields according to the IPC classifi-
cation number group are A61M16/04 (tracheal tubes),
AG1F 5/01 (orthopaedic devices, e.g., long-term immo-
bilising or pressure directing devices for treating bro-

TSR

ken or deformed bones such as splints, casts or braces),
A61B90/40 (apparatus fixed or close to patients spe-
cially adapted for providing an aseptic surgical environ-
ment), B33Y50/00 (data acquisition or data process-
ing for additive manufacturing), A61H1/02 (stretch-
ing or bending apparatus for exercising), B33Y 80/00
(products made by additive manufacturing), GO6T7/00
(image analysis), A61M1/00 (suction or pumping de-
vices for medical purposes; devices for carrying-off,
for treatment of, or for carrying-over, body-liquids;
drainage systems), GO6T 17/00 (3D modelling for com-
puter graphics), A61B90/00 (instruments for perform-
ing medical examinations of the interior of cavities or
tubes of the body by visual or photographical inspec-
tion, e.g., endoscopes).

Shanghai Renji Hospital (2)

2

Fig. 10 Cooperation between SHSMU and SJTU for patent applications

In the same way as Subsection 3.3, the titles and
abstracts of 105 patents are sorted out, and the top
50 topic set is established. As shown in Table 2,
“air guide port”, “alarm system”, “operation ports”,
“film pressure sensor”, “knee joint fusion”, “membrane
body”, “3D printing”, “bone crushing device”, “sur-
gical robot”, “machine learning”, and so on are the
high-frequency keywords in the field of SJTU medicine-
engineering technology converging.

With regard to the technology fields in which SHSMU

(9) Computer technology .

(12) Other special machines .

(84) Mediczﬂmhylog

(4) Chemical engineering @

(2) Audio-visual technology @

and SJTU cooperated to apply for patents, the WIPO
Patent Classification and Technology Field IPC Com-
parison Table was used to convert the patent IPC clas-
sification to the 35 technology categories of WIPO[28!,
From Fig. 11, it can be seen that the cooperative patent
research and development mainly focuses on medi-
cal technology (80%), but also demonstrates the phe-
nomenon of integration with a number of other technol-
ogy fields, such as computer technology (8.57%), other
special machines (11.4%), furniture and games (5.71%),

.Furniture, games (6)

® Materials, metallurgy (1)

. Organic fine chemistry (3)

® Surface technology, coating (2)

(3) Analysis of biological materials &)
Fig. 11 Distribution of technology fields of cooperation patents between SHSMU and SJTU
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Table 2 Top 50 subject headings for patent applications cooperation between SHSMU and SJTU

Record Subject words Weight Record Subject words Weight
4 Air guide port 2.81 2 Correcting hallux valgus 2.41
4 Alarm system 2.81 2 Culture chamber 3.42
4 Operation ports 2.81 2 Deflation unit 2.41
3 Film pressure sensor 2.65 2 Elbow joint training device 2.41
3 Knee joint effusion 2.65 2 Electric auxiliary knee articular cavity air 2.41

bag device
3 Membrane body 3.75 2 Electrode part shell 3.42
2 3D printing cervical vertebra stretching 2.41 2 Finger cuff 2.41
pillow
2 3D printed insole body 2.41 2 First connecting pipe 3.42
2 3D printing ankle-foot orthopedic device 2.41 2 Force transducer 2.41
2 Adjustable double-ankle knee joint 2.41 2 Forearm support unit 2.41
orthotic device
2 Air bag 2.41 2 Indicating lamp 3.42
2 Auxiliary knee articular airbag device 2.41 2 Inflatable support unit 2.41
2 Balloon air pump 2.41 2 Surgical robot 2.41
2 Biological support 2.41 2 Intelligent medical infusion automatic 2.41
liquid
2 Bluetooth module 2.41 2 Invasive operation isolation bag pad 2.41
2 Body fixing belt 2.41 2 Load reducing-type orthopaedic knee brace 2.41
2 Bone crushing device 2.41 2 Machine learning 2.41
2 Buckle components 2.41 2 Mandible defects restoration structure 2.41
2 Calculating device 2.41 2 Medical excrement collecting bag 2.41
2 Cell culture 2.41 2 Perfusion type bioreactor 2.41
2 Cervical vertebra orthopedic pillow 2.41 2 Processing chip 2.41
2 Circulation pump 3.42 2 Puncture guiding unit 2.41
2 Clinical operation isolation device 2.41 2 Switch rod 3.42
2 Conduit tube body 2.41 2 Valve plate 3.42
2 Condyle contact plate 2.41 2 Vascular puncture positioner system 2.41

handing (3.81%), chemical engineering (3.81%), etc.
The TCI formula described in Subsection 2.2.2 was used
to measure the degree of technology converging between
the SHSMU and SJTU. The highest TCI is 0.14 for
medical technology and other special machines. The
main technologies are 3D printed prosthesis and vari-
ous components for biomedical applications. Medical
technology and computer technology ranked second in
terms of converging index which is 0.11, mainly for med-
ical image processing methods, computer program con-
struction for orthotics, computer equipment, and stor-
age media. The next ones in order of converging are
furniture, games (0.07), handing (0.05), chemical engi-
neering (0.05), organic fine chemistry (0.04), analysis
of biological materials (0.04), audio-visual technology
(0.02), surface technology, coating (0.02), and materi-
als, metallurgy (0.01).

4 Conclusion

In this article, from the perspective of coopera-
tion between medicine-engineering institutions, the
medicine-engineering papers are taken as the research
object, and the situation of medicine-engineering

cooperation and topic recognition are analyzed. And
the cooperation between SHSMU and SJTU is taken as
an example. The medicine-engineering data set is con-
structed as the data source of this article by extracting
the institutional information of the address field of the
papers. It is found that the SJTU medicine-engineering
interdisciplinary trend is increasingly obvious, and the
research results are increasing year by year with good
overall quality and higher citation impact than the
global average.

The institutional cooperation of medicine-
engineering interdisciplinary is diversified, and
the mode of intersection is mostly “one-to-many” or
“many-to-many”, thanks to the great collaboration be-
tween SHSMU and School of Biomedical Engineering,
School of Chemical Engineering, School of Electronic
Information and Electrical Engineering, School of
Materials Science and Engineering, and School of
Mechanical Engineering. Through the analysis of
research hotspots, the SJTU medicine-engineering
interdisciplinary cooperation is concentrated in three
areas: (D Nano-biomedical engineering, where nano
biotechnology-related research accounts for the highest
percentage, and SHSMU and School of Biomedical
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Engineering, School of Chemistry and Chemical
Engineering, School of Materials Science and Engineer-
ing, School of Electronic Information and Electrical
Engineering, and School of Physics and Astronomy col-
laborate on nanoparticle-based infrared photothermal
therapy for tumors, nanomaterials for drug delivery
in cancer therapy, nanoparticle synthesis, application
and biosafety, and quantum dots for biomedical appli-
cations. As an important direction in the development
of nanotechnology, nanomedicine has rapidly become
a frontier and hot issue in the development of SJTU
medicine-engineering intersection. In addition, those
research themes with high attention, such as regenera-
tive medicine and sports medicine, focus on 3D printed
tissues and organs, biodegradable magnesium alloy
implant materials, biosensor detection technology,
bone regeneration, stem cells, orthopedic and sports
medicine, and prosthetics researched by SHSMU in
cooperation with School of Materials Science and
Engineering, School of Mechanical Engineering, and
School of Physics and Astronomy. @ In terms of brain
science, brain and neurological disorders are currently
the key research directions in the intersection of SJTU
medicine-engineering. Brain science is in a critical
period of development, and SHSMU is collaborating
with the School of Biomedical Engineering and the
Antai School of Economics and Management to study
the causes and pathogenesis of neurological diseases,
such as Alzheimer’s disease, Parkinson’s disease, de-
pression, stroke, as well as early diagnostic indicators
and therapeutic countermeasures developed for the
diseases, such as brain imaging technology and EEG
technology. The research on establishing deep learning
capabilities driven by data, brain-like computing
driven by cognitive bionics, emotion recognition,
classification and other artificial intelligence is at an
emerging stage. Specifically, SHSMU and School of
Biomedical Engineering, School of Electronic Informa-
tion and Electrical Engineering, School of Mechanical
Engineering, and School of Mathematical Sciences are
collaborating to develop research on the application
of implants with 3D technology to surgical robots or
surgical navigation systems, wearable medical devices,
building block mathematical models to establish intel-
ligent assisted diagnosis technologies, and treatment
protocols or detection systems based on medical big
data mining research and development. @ In term of
precision medicine, the main focus is on the diagnosis
and treatment of tumors, involving topics such as
gene editing and sequencing, cellular immunotherapy,
and inhibitor drugs. Specifically, SHSMU and School
of Life Sciences, School of Biomedical Engineering,
School of Physics and Astronomy, and the School of
Naval Architecture, Ocean & Civil Engineering are
collaborating on the application of long non-coding
RNAs and exosomal cells in early tumor therapy,

intestinal microecology and homeostatic immunity,
non-small cell cancer epidermal growth factor receptor,
CRISPR/Cas9 genome editing technology, and other
research. The current research hotspots focus on
targeted therapy and cellular immunity in early tumor
diagnosis and treatment.

SJTU medicine-engineering technology convergence
covers a wide range of disciplines, including bone sci-
ence, physics, electronic information and electrical en-
gineering, mathematics, mechanical engineering and
other disciplines. Medicine-engineering technology con-
vergence such as medical technology integrating with
other special mechanical technology, computer technol-
ogy, manual technology and other engineering technol-
ogy has a high degree of convergence. The coopera-
tion institutions are diversified, mainly including the
Ninth People’s Hospital, Ruijin Hospital, etc., coop-
erating with SJTU School of Biomedical Engineering,
School of Electronic Information and Electrical En-
gineering, School of Materials Science and Engineer-
ing, School of Mechanical Engineering, etc. The re-
search areas mainly focus on the following four aspects.
(D Medical instruments and devices include electronic
medical equipment, diagnostic and surgical equipment,
prosthesis equipment, etc., for example, the clinical op-
eration isolation device developed by the Ninth People’s
Hospital and SJTU for frontline medical staff in the
fight against the “epidemic”, the robot of blood vessel
assisted puncture system and the auxiliary corrective
appliance, 3D printed prostheses. 2 Medical materi-
als concentrate on nano-biotechnology, such as nano-
technology-based graphene modified materials and hy-
drogel materials developed by the Ninth People’s Hos-
pital and SJTU. @ Biomarker applies to the use of hu-
man LSP1 protein and SNRPA protein in the moni-
toring of lung cancer recurrence or metastasis devel-
oped by Ruijin Hospital and SJTU. @ Artificial in-
telligence medical platform system includes computer-
aided diagnosis system, medical big data mining sys-
tem. For example, Ruijin Hospital, Renji Hospital,
and the Ninth People’s Hospital respectively devel-
oped a machine learning-based treatment plan rec-
ommendation system, jaw defect reconstruction sys-
tem, mobile phone assessment system for patient pain,
and data mining-based noise hearing loss prediction
and susceptible population screening method, device,
terminal and medium, etc. Compared with the re-
search of medicine-engineering interdisciplinary, tech-
nology convergence highlights the medicine-engineering
technology integration and innovation, which involves
the medicine-engineering interdisciplinary knowledge.
From the analysis of research hotspots, we can see that
the research hotspots of SJTU medicine-engineering
technology convergence involve nano biotechnology, ar-
tificial intelligence technology, precision medicine tech-
nology, and so on. These technologies themselves are
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already medicine-engineering interdisciplinary. There-
fore, to a certain extent, medicine-engineering interdis-
ciplinary is the basis for the medicine-engineering tech-
nology convergence. As an extension form of interdisci-
plinary research, technology convergence promotes the
development of medicine-engineering interdisciplinary.

In the past five years, SJTU medicine-engineering in-
terdisciplinary field has entered a stage of rapid devel-
opment. First, medicine-engineering interdisciplinary
is widely distributed. The more active medical dis-
ciplines are biomedicine, clinical medicine, neurology,
etc. The more active engineering disciplines are ma-
terials science, mechanical engineering, physics, com-
puter science, chemistry, etc. Through the analysis of
Rao-Stirling index and research hotspots, we can see
that as an medicine-engineering interdisciplinary sub-
ject, the SJTU biomedical engineering discipline has
become a key subject of medicine-engineering interdis-
ciplinary. The research direction of nano, molecular and
regenerative medicine, biomedical instrument, imaging,
computing and system biomedicine has formed in this
field, which has become the source of SJTU medicine-
engineering interdisciplinary. Second, the combination
of medicine and mechanical engineering is a highly
interdisciplinary. Intelligent medical devices, digital
medicine, human biomechanics, biomedical manufac-
turing, biomaterials and other fields have become im-
portant research directions of medicine-engineering in-
terdisciplinary. The combination of medicine and com-
puter science, materials science and physics is a po-
tential medicine-engineering interdisciplinary. The re-
search of biomedical materials, biomedical statistics
and biophysics, organ repair or transplantation has be-
come an important field for the rapid development of
medicine-engineering interdisciplinary. On the whole,
medicine-engineering intersection has gradually become
the main trend of medical innovation and development,
and it is also the only way for the sustainable develop-
ment of engineering.

Interdisciplinary science is a multidimensional and
complex concept. It is difficult to describe its essen-
tial characteristics fully from any single dimension. It
is necessary to use comprehensive analysis to explore
the differences and integration points of various dimen-
sional methods. Therefore, the research on interdisci-
plinary science is a continuous and in-depth series of
research processes. In this article, we only conducted
an empirical study from the perspective of medicine-
engineering institutional cooperation and took the re-
search of SJTU medicine-engineering interdisciplinary
as an example. Although the research objects are typ-
ical, the conclusions revealed are limited and the gen-
eralizability of its findings needs further exploration.
Therefore, the next study should expand the research
field and research perspective, focusing on measur-
ing and analyzing the medicine-engineering interdisci-

plinary from the citation relationship or text content
and other dimensions in order to get the best medicine-
engineering interdisciplinary pattern.
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