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Introduction

Perovskite is a class of ceramic oxides named after 
their crystal structure, which is an octahedral cube 
with the general formula ABX3. The A-site is 
usually composed of organic or inorganic cations 
(such as methylammonium, formamidinium, 
or inorganic cations Cs+ or Rb+); the B-site is 
composed of inorganic cations (Pb2+ or Sn2+); and 
the X-site is composed of oxygen or halides (I, 
Br, or Cl). The surface adsorption of oxygen and 
lattice oxygen on perovskite affects its catalytic 
activity. At lower temperatures, surface adsorbed 
oxygen plays a major role in oxidation; at 
higher temperatures, lattice oxygen plays a role. 

Changing the metal elements at the A and B sites 
can regulate the number and activity of lattice 
oxygen. Substituting some of the +3-valent A 
and B atoms with +2 or +4-valent atoms can 
also generate lattice defects or lattice oxygen, 
thereby improving catalytic activity. This makes 
perovskites have excellent prospects in high-
temperature catalysis and photocatalysis.1

In recent years, perovskites have been widely 
used in medical imaging. Medical X-ray imaging 
requires a reduction in diagnostic medical 
radiation to minimise its impact on patient 
health.2, 3 Studies have shown that organic-
metal perovskites prepared as thin films at low 
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In recent years, perovskite has received increasing attention in the medical 

field. However, there has been a lack of related bibliometric analysis in 

this research field. This study aims to analyse the research status and hot 

topics of perovskite in the medical field from a bibliometric perspective 

and explore the research direction of perovskite. This study collected 1852 

records of perovskite research in the medical field from 1983 to 2022 in the 

Web of Science (WOS) database. The country, institution, journal, cited 

references, and keywords were analysed using CiteSpace, VOS viewer, and 

Bibliometrix software. The number of articles related to perovskite research 

in the medical field has been increasing every year. China and USA have 

published the most papers and are the main forces in this research field. The 

University of London Imperial College of Science, Technology, and Medicine 

is the most active institution and has contributed the most publications. ACS 

Applied Materials & Interfaces is the most prolific journal in this field. 

“Medical electronic devices”, “X-rays”, and “piezoelectric materials” are the 

most researched directions of perovskite in the medical field. “Performance”, 

“perovskite”, and “solar cells” are the most frequently used keywords in this 

field. Advanced Materials is the most relevant and academically influential 

journal for perovskite research. Halide perovskites have been a hot topic 

in this field in recent years and will be a future research trend. X-ray, 

electronic medical equipment, and medical stents are the main research 

directions.
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temperatures and used in digital X-ray detectors have not 
only the advantages of low cost and large radiation area, but 
also low radiation dose.4 Metal halide perovskites are a new 
type of optoelectronic material that can be used as a solution-
deposited absorption layer in solar cells.5 It also has the function 
of enhancing the water stability of halide perovskites and can 
be used for upconversion imaging in living cells.6 Therefore, 
it has been widely used in the field of biological imaging. Due 
to the good biocompatibility and piezoelectric properties 
of perovskites, they are increasingly being manufactured 
as scaffolds for patients with fractures.7 In addition, some 
materials can be simply encapsulated in a phospholipid 
protective layer through a thin film hydration method, which 
makes them have long-term waterproof characteristics and 
multi-functional biological imaging capabilities, and can be 
used for multi-cell imaging and in vitro tumour targeting.8 
Apart from high-temperature catalysis and photocatalysis, 
perovskite particles can also be used as catalysts for cellular 
metabolism.

Bibliometrics is the analysis of published information (such 
as books, journal articles, datasets, blogs) and their related 
metadata (such as abstracts, keywords, citations), using 
statistical data to describe or display relationships between 
published works. In recent years, bibliometric analysis has been 
used to analyse data, draw graphs, and show future research 
trends.9 However, to date, no bibliometric analysis of the 
application of perovskites in the medical field has been found. 
Therefore, this study aims to analyse the research direction of 
perovskites in the medical field through bibliometric analysis, 
to understand related emerging frontier topics, and to provide 
direction for subsequent research.

Methods

Documents collection and retrieval strategy

We used the Web of Science (WOS) core collection database 
to search relevant publications on applications of perovskite in 
the medical field. The WOS database includes journals, books, 
patents, conference proceedings, and web resources. We chose 
the WOS database because it provides many articles with 
complete information.

The search formula used was: #1AND(#2OR#3)=[((ALL= 
(medical)) OR ALL=(medicine)) OR ALL=(biomedical)AND 
(((TS=(perovskite)) OR TI=(perovskite)) OR AB=(perovskite)
OR((TS=(CaTiO3)) OR TI=(CaTiO3)) OR AB=(CaTiO3))]

Through the above search formula, a cross-sectional search 
was performed on December 17, 2022, and 1852 publications 
were retrieved from WOS in total. Finally, we reviewed 
and evaluated all available publication data to identify those 
that focused on “applications of perovskite in the medical 
field”. Figure 1 illustrates the search and exclusion protocols 
employed in this study for identifying suitable publications 
from the WOS database. The literature search was limited 
to English publications published between 1983 and 2022. In 
this study, our database only included research articles and 
reviews. The final screening results were exported to a dataset, 
including citation information (author, publication title, year 
of publication, source title, volume, issue, page numbers, 
citation count, source, and publication type) and bibliographic 
information (affiliation, editor, keywords, and funding details). 
The complete records of the retrieved articles were saved and 
downloaded from the WOS database and saved in BibTeX 
format for further analysis.

1 Department of Orthopaedic Surgery, Third Hospital of Hebei Medical University, Shijiazhuang, Hebei Province, China; 2 Key Laboratory of Biomechanics 
of Hebei Province, Shijiazhuang, Hebei Province, China; 3 NHC Key Laboratory of Intelligent Orthopaedic Equipment, Shijiazhuang, Hebei Province, China; 
4 Center for Human Tissues and Organs Degeneration, Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen, Guangdong 
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Figure 1. Flowchart for the selection of literature included in this study. 
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Analysis tools

To describe the characteristics of all literature related to 
“application of perovskite in the medical field”, we used 
Bibliometrix (R Studio, V1.4, Posit Software, Boston, MA, 
USA)10 and CiteSpace V5.8 R3 (Drexel University, Philadelphia, 
PA, USA)11 to further analyse all eligible data.

Bibliometric analysis

The dataset was imported into Bibliometrix, which can 
analyse annual publishing trends and create line charts. In 
addition, it was also used to analyse the annual publishing 
trends of different countries and regions, as well as different 
journals. The bibliometrix package was employed to produce 
a word cloud and thematic map illustrating the top 100 high-
frequency keywords. Thematic map starts with a co-occurring 
keyword network and draws a typified theme for a field in a 
two-dimensional map. The utilization of keyword+ (KWP) 
enables a more accessible interpretation of the research themes 
established within the framework. This analysis is conducted 

based on word or phrase occurrences that frequently appear in 
the reference titles cited within articles, but do not appear in 
the article titles themselves.

Results

General data

After searching the query, a total of 1852 articles were obtained. 
After undergoing additional screening, a total of 1708 articles 
met the inclusion criteria for the assessment system. Table 1 

presents the general information of all the included literature. 
The cumulative citation count for all the articles was 67,654, 
with an average citation frequency of 39.61 times per article. 
Among the included articles, there were 1584 research 
articles, comprising 92.7% of all publications, and 124 reviews, 
comprising 7.3% of all publications. Overall, 78 countries/
regions, 1896 institutions, 7193 authors, and 447 journals have 
contributed to this field. The study also found that the number 
of articles published in journals increased between 2013 and 
2022.

Table 1. General information of all publications on perovskite materials in the Web of Science database

Description Results

Main information about data

Timespan 1983–2022

Sources 447

Documents 1708

Annual growth rate (%) 4.11

Document average age (year) 5.66

Average citations per document 39.61

References 61233
Document contents

Keywords plus (ID) 3480

Author’s keywords (DE) 3714
Authors

Total number of authors 7193

Authors of single-authored documents 15
Authors collaboration

Single-authored documents 17

Co-authors per document 6.87

International co-authorships (%) 37.82
Document types

Research article 1584

Review 124

Note: DE: the field identifier of the Author’s Keywords; ID: the field identifier Of ‘Keywords Plus’ in the Web Of Science.

Publication trend

The number of newly published papers in the field of 
perovskite medical applications is depicted in Figure 2. The 
overall trajectory exhibits an upward trend, with a growth rate 
of 15.21%, dividing into two distinct periods. The first period 
spans from 1983 to 2012, during which the annual number of 
new publications in this field remained below 50. This period 
demonstrates a relatively stable trend, with an average annual 
growth rate of 8.38%. The second period covers the years 
2013 to 2022, witnessing an annual increase of more than 50 
publications, indicating a notable overall upward trend with 

an annual growth rate of 18.3%. It is worth noting that the 
number of new publications added in 2014 and 2016 is slightly 
lower than the previous year.

Country/region

Figure 3 presents a ranking of the top ten countries/regions 
that have made significant contributions in this field. China 
takes the lead with 2241 published papers, followed by USA 
with 529 papers, and UK with 458 papers. The region with 
the highest number of publications is Asia, accounting for 
46.76% of all publications, followed by Europe, accounting for 
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30.23% of all publications. China is the most prolific country in 
Asia, and UKis the most prolific country in Europe. In terms 
of citations, China has the highest total number of citations 
(TC) (n = 18,296) and frequency of collaboration (n = 348); UK 
ranks second in TC (n = 15,905) and frequency of collaboration 
(n = 191); USA ranks third in TC (n = 11,306) and frequency of 
collaboration (n = 177).

Institution

Figure 4A shows the top ten institutions with the highest 
output in the field of perovskite medical applications based 
on the number of publications. The institution with the most 
publications is the University of London Imperial College 
of Science, Technology, and Medicine (210 publications), 
followed by the Chinese Academy of Sciences (91 publications) 
and King Saud University (59 publications). In terms of total 
citations, the University of London Imperial College of 
Science, Technology, and Medicine is again the top institution 
(with 18,834 citations), followed by the Chinese Academy 
of Sciences (3457 citations) and Southeast University (2334 

citations). Among all institutions, London Imperial College 
of Science, Technology, and Medicine (with 90 citations per 
article) has the highest average citation frequency per article, 
followed by the National University of Singapore (72 citations 
per article) and the University of Cambridge (72 citations per 
article). Among the top ten most prolific institutions, five are 
in China, two are in the UK, and the other three are in Japan, 
Singapore, and Saudi Arabia.

In Figure 4B, a co-authorship network map of institutions 
is shown. The map reveals clusters of closely collaborating 
institutions. The largest cluster includes the Chinese Academy 
of Sciences, King Saud University, and the National University 
of Singapore, indicating that these institutions have close 
collaborative relationships, with the most participating 
institutions from China. Notable examples include the 
Imperial College of Science, Technology, and Medicine at the 
University of London and the Chinese Academy of Sciences.

Figure 4C shows a line chart that reflects the number of 
publications per year for the five most prolific institutions. The 

Figure 2. Number of publications related to novel clinical applications of perovskite materials in the Web of Science 
database (1983–2022).

Figure 3. Top ten most productive countries/regions of all publications on perovskite materials in the Web of Science 
database. 
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University of London Imperial College of Science, Technology, 
and Medicine has been publishing articles in this field since 
1997 and has the highest number of publications, citations, and 
average citations per article. The other four institutions started 

publishing more articles after 2015, with the Chinese Academy of 
Sciences showing a significant increase in publications since 2013. 
Southeast University has fewer publications than the Chinese 
Academy of Sciences, but it is also trending upward overall.

Figure 4. Keyword co-occurrence analysis of all publications on perovskite materials in the Web of Science database. 
(A) The number of articles published, the number of articles applied, and the average number of articles applied in 
VOS viewer. (B) Use VOS viewer to visualize the institutional co-occurrence network. Large nodes indicate that the 
occurrence rate of keywords is higher. The same colour indicates a close relationship. (C) Annual number of publications 
by the top five most productive institutions. In each group, the larger the node, the higher the frequency of the keyword; 
the denser the line, the closer their relationship. “Conversion” and “highly performance” not only have a high frequency 
of appearance, but also have a close relationship.

Journal

Table 2 shows the top nine most prolific journals and most 
cited journals in the field of perovskite materials. ACS Applied 

Materials & Interfaces (impact factor (2021) 10.38, Q1) is the 
most prolific journal with 46 publications (16.25% of the total), 
followed by Solid State Ionics (impact factor (2021) 3.70, Q2) 
with 40 publications, and Chinese Chemical Letters (impact factor 
(2021) 8.46, Q1) with 39 publications. In terms of citation and 
impact, Solid State Ionics ranks first (4396 TC, H-index 25), 
followed by Advanced Materials (2440 TC, H-index 21) and 
ACS Applied Materials & Interfaces (1051 TC, H-index 18). It’s 
worth noting that the number of publications alone may not 
accurately reflect a country’s or institution’s influence in a 
given field. Therefore, we employed VOS viewer to identify 
the most frequently cited journals in the field of perovskite 
materials. The top three most cited journals are Advanced 

Materials (777 citations), Journal of the American Chemical Society 
(740 citations), and Science (736 citations).

Top cited articles 

To ascertain the most influential research in this field, we 
utilized bibliometrics to extract the top ten most cited papers 
with the highest number of citations. The ten most cited 
papers are listed in Table 3. The most cited paper (73 local 
citations) was published by Yong Churl Kim in Nature in 2017, 
titled “Printable organometallic perovskite enables large-area, low-

dose X-ray imaging”. In this paper, the author discovered that 
perovskite films can control dark currents and instantaneous 
charge carrier transport, enabling low-dose X-ray imaging, 
as well as being used for radiation imaging, sensing, and 
energy harvesting photodetectors. In addition, four papers12-15 

reported on the relevant information of lead halide perovskites. 
Only one review introduces the past and present development 
of halide perovskite, as well as its prospects for the future.12 
The other three articles respectively introduce the relevant 
knowledge of halide perovskite with X-ray13, 14 and gamma 
photons.15
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Table 2.   The top nine most prolific journals and co-cited journals with the most publications related to novel clinical 

applications of perovskite materials 

Rank Journal Publications
a

Total 

citations

H 

index

Impact 

factor 

(2021) Co-cited journal

Co-

citations

Impact factor  

(2021) of co-

cited journal

1 Solid State Ionics 40 4396 25 3.7 Advanced Materials 777 32.09

2 Advanced Materials 29 2440 21 32.09 Journal of the 

American Chemical 

Society

740 16.38

3 ACS Applied 

Materials & 

Interfaces

46 1051 18 10.38 Science 736 63.71

4 Journal of 

Materials 

Chemistry A

24 1073 18 19.92 Nature 717 69.5

5 Advanced 

Functional 

Materials

30 1118 15 3.75 Chemistry of 

Materials

607 10.51

6 Chemistry of 

Materials

23 2263 15 10.51 Nature 

Communications

601 17.69

7 Chinese Chemical 

Letters

39 715 15 8.46 ACS Applied 

Materials & 

Interfaces

582 10.38

8 Journal of 

Materials 

Chemistry C

28 473 13 8.07 Advanced 

Functional 

Materials

574 19.92

9 Journal of Alloys 

and Compounds

24 595 12 6.37 Nano Letters 535 12.26

Note:  aThe publication refers to an article that has been published in a journal and expresses information and knowledge in a certain 
way, including text, images, and tables

Table 3.   The top ten most cited publications with the most publications related to novel clinical applications of 

perovskite materials

Rank First Author Title Local citations Journal

Publication 

year

1 Yong Churl Kim Printable organometallic perovskite enables 

large-area, low-dose X-ray imaging

73 Nature 2017

2 Qiushui Chen All-inorganic perovskite nanocrystal 

scintillators

70 Nature 2018

3 Weicheng Pan Cs
2

AgBiBr
6

 single-crystal X-ray detectors with 

a low detection limit

60 Nature 2017

4 Renzhong 

Zhuang

Highly sensitive X-ray detector made of 

layered perovskite-like (NH
4

)
3

Bi
2

I
9

 single 

crystal with anisotropic response

35 Nature 2019

5 Ajay Kumar Jena Halide perovskite photovoltaics: background, 

status, and future prospects

31 Chemical Reviews 2019

6 Yuhai Zhang Metal halide perovskite nanosheet for Xray 

high-resolution scintillation imaging screens

29 ACS Nano 2019

7 Yunxia Zhang Nucleation-controlled growth of superior 

lead-free perovskite Cs
3

Bi
2

I
9

 single-crystals for 

high-performance X-ray detection

29 Nature 

Communications

2020

8 Sergii Yakunin Detection of gamma photons using solution-

grown single crystals of hybrid lead halide 

perovskites

27 Nature 2016

9 M D Birowosuto X-ray scintillation in lead halide perovskite 

crystals

24 Scientific Reports 2016

10 Weicheng Pan Hot-pressed CsPbBr
3

 quasi-monocrystalline 

film for sensitive direct X-ray detection

23 Advanced Materials 2019
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Keywords’ evolution

Keyword analysis is used to summarise and convey the thesis 
topic. Figure 5A shows co-occurring keyword analysis, 
grouping similar keywords together using “site space”. The 
study merges 50 keywords into 14 groups, such as energy 
transfer, colloidal synthesis, and highly luminescent, which 
can be grouped under nanocrystal. The research hotspots are 
“oxidation,” “hybrid perovskite”, and “carbon nanotube”.

Figure 5B lists the most commonly used keywords, with larger 
font sizes indicating higher citation frequencies. The top ten 
most frequently used keywords are “performance” (n = 168), 

“perovskite” (n = 141), “solar-cells” (n = 127), “efficient” (n = 
122), “stability” (n = 111), “nanocrystals” (n = 107), “films” (n 
= 85), “temperature” (n = 84), “nanoparticles” (n = 82), and 
“transport” (n = 81).

Figure 5C illustrates the top 25 keywords exhibiting notable 
citation bursts in the field of perovskites. The active and non-
active periods are represented by red and blue, respectively. 
Starting from 2010, keywords such as “nanocrystal”, “Br”, “Cl”, 
“photoconductor” and “semiconductor” have been consistently 
utilized.

B

A

Figure 5. Keyword co-occurrence analysis of all publications on perovskite materials in the Web of Science database. (A) 
Use VOS viewer to visualize author keyword co-occurrence network. (B) Keywords that appear the most. The larger the 
font, the higher the frequency of keywords. (C) The initial keyword with the most significant citation burst signifies the 
prominent topics during different time periods. The red bars indicate the duration of the burst period, highlighting the 
intensification of interest. The strength of the burst indicates the importance of the topic to the field of study. 

Discussion

Over the past few decades, researchers have conducted 
extensive studies on the application of perovskites in the 
medical field. A comprehensive analysis of research related 
to perovskites was conducted using bibliometric analysis, 
exploring publications, countries, institutions, journals, most 
cited articles, and keywords.

Global publication trends and countries/regions

The increasing number of publications in the field of perovskite 
medical applications indicates a growing interest and research 

focus in this area. The steady increase in the number of 
newly published papers since 2013 suggests that researchers 
are recognising the potential of perovskite materials in 
medical applications. The involvement of multiple countries, 
institutions, authors, and journals highlights the collaborative 
nature of research in this field. Collaboration between 
different entities can lead to the exchange of ideas, expertise, 
and resources, contributing to scientific advancements. 
China emerges as the leading contributor in terms of the 
number of published papers. This demonstrates China’s active 
involvement and significant research output in perovskite 
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medical applications. It also reflects China’s commitment to 
scientific research and development. Among them, the high 
efficiency and low cost of perovskite solar cells made in China 
have attracted worldwide attention.16 

Asia and Europe are the leading regions in terms of publication 
output. This suggests that researchers from these regions are 
at the forefront of exploring the applications of perovskite 
materials in medicine. The high number of publications from 
these regions signifies their expertise and contributions to 
the field. The cumulative citation count and average citation 
frequency indicate the impact and visibility of the published 
articles. A higher number of citations suggests that the research 
conducted in this field has gained attention and recognition 
within the scientific community. Overall, the analysis 
underscores the growing research interest in perovskite 
medical applications, the collaborative nature of scientific 
exploration, and the significant contributions of China, Asia, 
and Europe in advancing this field. These findings provide a 
foundation for further research and development in leveraging 
perovskite materials for medical applications.

Institutions

The influence and contribution of research institutions 
represent the research level of a country or region. Among 
the top ten most prolific institutions, five are in China and 
two are located in UK. The University of London Imperial 
College of Science, Technology and Medicine in UK is the 
most productive institution, publishing the most papers 
on the application of perovskites in the medical field, and 
each paper is cited on average the most times. This research 
institution focuses on the problems and solutions encountered 
in the application of halide perovskites. Their recent research 
shows that tin halide perovskites are the preferred option for 
lead-free perovskite optoelectronic devices.17 In China, the 
institution with the most papers and citations is the Chinese 
Academy of Sciences, which has focused on perovskite solar 
cells in recent years.

Journals and co-citation journals

In terms of publication output, ACS Applied Materials & 

Interfaces is the most prolific journal with 46 publications, 
representing 16.25% of the total. It is followed by Solid State 

Ionics with 40 publications and Chinese Chemical Letters with 39 
publications. These journals have a significant contribution 
to the dissemination of research in the field. However, when 
considering citation impact, Solid State Ionics ranks first with 
4396 total citations and a 25-H-index. This indicates that 
the articles published in Solid State Ionics have generated a 
substantial impact and have been widely cited. 

Furthermore, it is important to note that the number of 
publications alone may not accurately reflect the influence 
of a country or institution in a specific field. Therefore, 
additional analysis was conducted using VOS viewer to 
identify frequently cited journals in the field of perovskite 
materials. The results reveal that Advanced Materials is the 
most frequently cited journal, with 777 citations. It is followed 
by Journal of the American Chemical Society with 740 citations 
and Science with 736 citations. These highly cited journals 

indicate their significance and impact in the field of perovskite 
materials research.

In conclusion, while ACS Applied Materials & Interfaces, Solid 

State Ionics, and Chinese Chemical Letters are the top prolific 
journals in terms of publication output, Advanced Materials, 

Journal of the American Chemical Society, and Science are the 
most frequently cited journals, highlighting their influence and 
importance in the field. Researchers should consider publishing 
their work in these high-impact journals to maximise visibility 
and potential citations.

Most cited references

Among all publications, the article most frequently cited is 
“Printable organometallic perovskite enables large-area, low-dose 

X-ray imaging” by Kim et al.4 The authors found that solution-
processed perovskite detectors can achieve low-dose X-ray 
imaging and can also be used for radiation imaging, sensing, 
and energy harvesting in optoelectronic devices. This article 
provides theoretical support for the widespread application of 
perovskites in X-ray medical imaging in the future. The most 
cited review is “Halide perovskite photovoltaics: background, status, 

and future prospects” by Jena et al.,12 which is a comprehensive 
review of past research, current status, and future prospects 
of halide perovskites. The article focuses on summarizing the 
principles and latest advances in X-ray detectors and solar 
cells, laying the foundation for future related research.

Research hotspots and frontier trends

In the past, research on perovskite materials was mainly 
focused on inorganic oxides, such as ceramics, hydroxyapatite, 
and perovskite-type oxide. As research continues to deepen, 
halide and organic oxides are also receiving attention. The 
physical and chemical properties of perovskites, such as 
hysteresis, electrical properties, and conductivity, have always 
been a focus of research.

Perovskites and X-rays

X-rays play a crucial role in the medical field due to their 
penetrating effect, differential absorption, photosensitivity, 
and fluorescence. They can assist doctors in diagnosing 
diseases more accurately.18 However, X-rays are also one of 
the most widely used sources of radiation in medical diagnosis 
and treatment, and ionisation and radiation can cause protein 
decomposition, leading to damage to the human body. Long-
term radiation exposure can cause DNA molecule breakage and 
increase the risk of cancer.19, 20 Therefore, reducing radiation 
and improving imaging quality is an urgent problem that needs 
to be addressed. In recent years, scientists have found that 
materials such as (NH4)3Bi2I9 single crystals, Cs3Bi2I9 perovskite 
single crystals, and colloidal perovskite nanosheets (CsPbBr3) 
have high sensitivity, low radiation, and high imaging 
quality.13, 21 This shows that perovskites can reduce radiation 
and improve X-ray imaging quality, further improving their 
clinical applications.

Perovskites and medical electronic devices

With the development of society, energy demand is constantly 
increasing, and innovative solutions for efficient energy 
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harvesting are needed. In modern medical diagnostic and 
treatment methods, implantable biomedical electronic devices 
can improve patients’ clinical outcomes and provide a large 
amount of data about the patients themselves, so they need 
to be small and lightweight. However, energy storage is 
still one of the obstacles affecting energy applications.22, 23  
The development of medical electronic devices aims to 
reduce energy consumption while also being able to extract 
energy from the environment, and solar cells are just the 
right solution. Sunlight is the easiest to obtain and cleanest 
source of energy. After the battery is implanted under the 
skin, it can obtain energy through solar radiation. However, 
the application of solar cells in the human body is limited by 
many factors. Firstly, they need to have good biocompatibility. 
Poon et al.’s experiment24 has shown that cells grown on 
perovskite material surfaces have good metabolism and can be 
implanted in the human body for a long time while also having 
good piezoelectric properties. In terms of optical properties, 
Aminzare et al.25 found that perovskites also exhibit efficient 
radiation recombination and coordinated spectral emission, 
with good photoelectric properties.

However, perovskite solar cells also have some problems, such 
as the incompatibility of halide ions with other ions, which 
can become charge traps and aggravate ion migration, severely 
affecting the efficiency and stability of the battery. Trap-
mediated nonradiative charge recombination at the surface is 
one of the main limitations for achieving highly efficient metal 
halide perovskite photovoltaics.26, 27 Zhang et al.28 found that 
dual-functional cellulose can significantly reduce trap states, 
thus significantly suppressing nonradiative recombination 
and improving the power conversion efficiency of perovskite 
solar cells. Polyethylene glycol diacrylate can passivate surface 
defects in perovskite thin films to improve power conversion 
efficiency.29 The defects in perovskite solar cells can be 
compensated for by other materials, and new materials are 
constantly being discovered and manufactured.

Perovskites and medical materials

Bones have strong regenerative abilities, but when the body’s 
self-healing ability is exceeded, transplantation is required. 
Autogenous bone transplantation and allogeneic bone 
transplantation are not widely applicable due to quantity 
limitations. Therefore, suitable scaffolds are crucial for bone 
fracture healing.30 There are many types of materials used to 
make scaffolds, including metal materials, polymer materials, 
and inorganic materials.31 Regardless of the material used, good 
biocompatibility, biodegradability, and mechanical strength 
are required.32 Metal materials such as Mg and Zn can promote 
bone generation but have moderate mechanical properties. 
Polymer materials such as polylactic acid have good flexibility 
but are brittle. Inorganic materials such as hydroxyapatite 
have good biocompatibility but poor mechanical strength. 
These materials all have advantages and disadvantages and 
can be improved or combined with other materials to make 
scaffolds to help patients with bone fractures recover.33, 34 
In recent years, biocompatible piezoelectric materials have 
received widespread attention due to their piezoelectric 
properties similar to those of human bones.35 Biocompatible 

piezoelectric materials can come into contact and interact 
with human tissues in the body, produce local currents, 
restore damaged electrophysiological microenvironments, 
and promote bone regeneration.36, 37 Some perovskites have 
piezoelectric properties, which have great potential in scaffold 
preparation. Bagchi et al.7 found that perovskite ceramics such 
as calcium titanate and strontium titanate are compatible with 
cells, significantly enhance the expression of osteogenic genes, 
and promote bone regeneration. Dai et al.38 found that barium 
titanate and polylactic acid piezoelectric composite materials 
can promote bone tissue regeneration and have strong 
osteogenic effects.

Perovskites and enzymes

There are many ways to treat cancer, and inducing cell 
pyroptosis is one of the new treatment methods. Pyroptosis is 
a new type of cell death that also belongs to programmed cell 
death, including membrane perforation, cell swelling, and cell 
rupture.39 Unlike apoptosis, pyroptotic cells swell and release 
cell contents, such as the typical inflammasome.40 Chang et al.41 
found that perovskite nanoenzymes can induce cell pyroptosis 
and have significant therapeutic effects on cancer through in 

vitro cell and in vivo animal experiments. In addition to direct 
application in clinical treatment, perovskites can also be used in 
biochemical research. Nanoenzymes synthesised by perovskite 
oxide BiFeO3 have peroxidase-like activity and can measure 
creatinine levels in human serum.42

Limitations

There are several limitations to current research. First, only one 
database (WOS) was searched, and other databases and sources 
of information are not included in the bibliometric analysis of 
this article. Therefore, some potentially valuable information 
may have been missed. Second, because many authors are from 
China and their name abbreviations are repeated, no research 
was conducted in the “Results” section. Third, bibliometric 
analysis often uses citations to evaluate publishing quality. The 
application of perovskite in the medical field needs more study 
and more in-depth and comprehensive research.

Conclusion

In conclusion, research on perovskite materials in the medical 
field has been on the rise over the past 40 years, with a 
significant increase in the number of publications in the last 
20 years. China has emerged as a major contributor to this field 
with the largest number of publications and collaborations 
with other countries. There is great potential for China to 
further develop its research in this area in the future.

Advanced Materials is the most relevant and influential 
journal in the field of perovskite research in medicine. Halide 
perovskites have become a hot research topic in recent years 
and are expected to be a future research trend. X-rays, medical 
electronic devices, and medical materials are the main research 
directions.
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