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A B S T R A C T

The blossoming Chinese medical device market calls for a science-based regulatory system in China. Consistent
efforts have been made to advance the medical device regulatory reforms for innovation, translation and industry
development. In this article, we report both the latest regulatory requirements which aim to ensure safety and
efficacy for patients while encouraging innovation of the medical device industry, and the key programs on
medical devices covered in the Regulatory Science Action Plan (RSAP) of the National Medical Products
Administration of China (NMPA). The main features of the revised regulations are first elucidated before the
opportunities for translational research are interpreted, including those for additive manufacturing and
customized devices, drug–device combination products, artificial intelligence-powered software and surgical
robots, and nanomaterials for medical devices. Finally, a regulatory perspective is provided to researchers who
expect to translate their technologies in the Chinese medical device market. Important issues including early
attention to critical market and clinical needs, understanding the true principle and spirit underlying the changing
regulations and standards, and protecting intellectual property rights with comprehensive measures, are dis-
cussed. These developments warrant further investigations into the distinct role of regulatory science in shaping
medical devices research and development.
The translational potential of this article: This article provides a new
insight into how the changing regulations and the emerging regulatory
science contribute to promoting innovation and translation of safe and
effective medical devices in China. It could open up avenues for global
regulatory science-based research and development of medical devices,
and serve as an introduction for overseas medical products for explora-
tion in translation and registration in China.

1. Introduction

Since its promulgation in 2000, the Regulation for the Supervision and
Administration of Medical Devices of China has undergone revision in
2014, 2017 and 2021 [1–5]. A review of the main updates of the 2021
and earlier revisions offers a significant perspective to researchers who
expect to have their medical devices approved for the Chinese market.
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The updates of Regulation promote safe and effective medical devices
for public health and economic development. In August 2015, the State
Council of China issued the Opinions on Reforming the Review and Approval
System for Drugs and Medical Devices [6]. In October 2017, the General
Office of the Central Committee of the Communist Party of China and the
General Office of the State Council issued the Opinions on Deepening the
Reform of the Review and Approval System and Encouraging the Innovation of
Drugs and Medical Devices, which clarified the requirements for furthering
the reform of medical device registration and encouraging the innovation
of drugs and medical devices [7]. Since then, the National Medical
Products Administration of China (NMPA) has adopted a series of new
measures for optimizing the medical device regulatory system and pro-
moting technical innovations, in order to improve the safety, effective-
ness and accessibility of medical devices in China [8].

The current Regulation were revised and came into force on June 1,
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2021 [5]. “This revision reflects the Four Strict Requirements of General
Secretary Xi Jinping of the CPC Central Committee, the State Council and
the expectations of the people by encouraging innovative and
high-quality medical devices as well as industrial development.” [8].
“The Regulation fully implement the decisions and arrangements made by
the CPC Central Committee and the State Council on the reform of the
drug and medical device review and approval system. A legal basis is
provided to consolidate previous reforms. The principle is to enhance the
quality of medical devices, protect the legitimate rights and interests of
the public for safe and effective devices, and stimulate the innovative
development of the industry.” [5].

There are four main features in the latest Regulation. First, new sys-
tems, mechanisms, and methods are included to improve regulatory ca-
pacity. Second, simplification and optimization of the evaluation and
approval procedures are adopted to enhance regulatory efficiency. Third,
targeted responsibilities for quality and safety are clarified to manage the
whole life cycle of the medical devices. Last but not the least, more and
stricter punishment is incorporated for violations of the laws and regu-
lations [9].

“The Regulation adheres to the principles of risk management, whole-
process control, evidence-based regulation, and social co-governance.
The reform included the establishment of a registrant and filer system
to define the main responsibility of the businesses. Additionally,
administrative services were streamlined with more delegation, decen-
tralization and deregulation to empower industry innovation and
development of the market. The Regulation explicated on the establish-
ment of the medical device registrant and filer system. Requirements
were clarified for clinical evaluation, conditional approval, emergency
use, unique device identification and traceability, professional in-
spectors, the investigation of responsibilities and punishment for viola-
tion of the registration and filing system. The regulation of production,
operation and handling, product recall, and adverse events reporting was
strengthened. To sum up, the latest updates aimed to support innovation
based on the regulatory lifecycle management." [8].

2. NMPA's Regulatory Science Action Plan (RSAP)

NMPA launched the first Regulatory Science Action Plan (RSAP) in
2019. The main progress in China's regulatory science for medical de-
vices is discussed in this section.

In April 2019, nine regulatory research programs on drugs, medical
devices and cosmetics were recognized in the first RSAP, including four
device related projects. They are entitled the Evaluation of Drug-device
Combination Technology, Safety and Effectiveness of Medical Devices
Driven by Artificial Intelligence, New Materials for Medical Devices (as rep-
resented by the projects on additive manufacturing and custom devices),
andMethodological Approaches to Real-World Data for Clinical Evaluation of
Medical Devices [10]. Some of the achievements of the RSAP will be
described below.

In the two years since the implementation of the RSAP, 103 new tools,
methods and standards have been formulated, of which 31 or 1/3 of the
total, have been published. Among them, Chinese national standard,
“GB/T41672-2022 Surgical Implant: Osteoinductive Calcium Phosphate
Bioceramics” represents a breakthrough of standards development for
tissue-inducing biomaterials. In addition, more than 20 regulatory
research reports have been released” [11]. In 2021, the second phase of
the RSAP research programs was launched [12]. Through close collab-
oration with prestigious universities and institutes, 14 NMPA-affiliated
regulatory science Centers were established, of which seven were
related to medical devices. In July 2019, NMPA recognized 45 key lab-
oratories for the RSAP [13]. In February 2021, another 72 key labora-
tories were included, reaching a total of 117 labs [14]. 29 of these
laboratories specializes in medical devices, accounting for 26% of the
total directory.
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2.1. Additive manufacturing and customized devices

As defined by FDA, “additivemanufacturing (AM), the broad category
of manufacturing encompassing 3-dimensional (3D) printing, is a process
that builds an object by sequentially building 2-dimensional (2D) layers
and joining each to the layer below, allowing device manufacturers to
rapidly produce alternative designs without the need for retooling and to
create complex devices built as a single piece.” [15] The application of
additive manufacturing technology in orthopaedic devices leads to
personalized design and products that meet the precise patient demand
during surgical operation. Their representative RSAP achievements are
summarized below.

Projects of RSAP have generated new standards, guidance documents,
and registration documents for additively manufactured medical devices
of new materials. The resultant new tools and approaches will further
facilitate the translation of scientific findings, providing patients with
more adaptable products [16].

“NMPA attaches great importance to a science-based regulatory system
for additively manufactured medical devices with targeted regulations,
guidance documents, and standards” [16]. To ensure the safety and
effectiveness of custom-made medical devices for individual patients,
NMPA and the National Health Commission started to implement the
Provisions on Customized Medical Devices (tentative) on January 1, 2020
[17]. “In October, 2020, NMPA issued the Guidance Document for the
Technical Review of the Registration of Personalized Additively Manufactured
Passive Implantable Bones, Joints and Oral Hard Tissue Substitutes. On this
basis, NMPA provides other guidance documents for acetabular cups,
artificial vertebral bodies, mandibular prostheses and spinal cages, and for
innovative products derived from titanium, degradable magnesium, and
polyether ether ketone (PEEK). A guidance document system for additive
manufacturing of hard tissue substitutes has been established” [16].

In 2019, NMPA identified technical collaborators for the standardi-
zation of additively manufactured medical devices, covering the soft-
ware, equipment, raw materials and processes of such products, to
promote the healthy development of the emerging industry [18]. “Chi-
nese experts are developing standards on 3D-printed surgical guides,
such as the Expert Consensus on Technical Standards for 3D-printed Ortho-
pedic Surgical Guides, the Customized Orthopaedic Surgical Guides by Addi-
tive Manufacturing (3D printing), the Oral Implant Surgical Guides by
Additive Manufacturing (3D printing), published by the Digital Orthopedics
Group of the Medical Engineering Branch of the Chinese Medical Asso-
ciation and other professional organizations.” [16].

In February 2021, the NMPA key laboratory for the research and
evaluation of additively manufactured medical devices (affiliated with
Xi'an Jiaotong University) was included in the second phase of RSAP. The
lab focuses on the research, development and evaluation of new mate-
rials and additive manufacturing technology for medical devices [12]. In
addition, the performance evaluation of degradable magnesium, bio-
ceramics, degradable bone repair materials, resorbable dental mem-
branes becomes the new priority of the second RSAP [11,12].

“The standards, guidance documents, and registration documents for
additively manufactured medical devices of new materials will
facilitate the translation of scientific findings, providing patients with
more adaptable products.” [16].
2.2. Drug-device combination products

Drug–Device combination products have become a unique medical
product that are increasingly meeting clinical needs, especially those for
cardiovascular, orthopedic, and neurological conditions. Combination
products were included as one of the nine research programs published
by the NMPA RSAP in April 2019 [10].
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NMPA's regulation of the combination products started in 2002 [19,
20]. In November 2009, NMPA issued theNotice on Matters Concerning the
Registration of Drug-Device Combination Products, which for the first time
clarified the regulatory requirements for drug–device combination
products [20,21]. In 2021, NMPA issued the Announcement on the Regis-
tration of Drug-Device Combination Products (No. 52, 2021), in which
NMPA deleted the requirements that the drug components in the im-
ported combination products that act mainly as devices should be
approved by NMPA or regulator of the country of origin [20,22]. Ac-
cording to the announcement, when deciding whether a drug–device
combination product is regulated as a device or a drug, the product's
primary mode of action (PMOA) must be the determining factor. If the
PMOA is a device, then the product shall follow the regulatory pathway
of a device, and vice versa [23–26]. The Center for Medical Device
Standards Administration (CMDSA) is responsible for validating the
PMOA of the combination products.

To facilitate evidence-based market entry of the combination prod-
ucts with clear clinical value, NMPA included the combination products
in the research programs of the second RSAP. On January 17, 2022, it
issued the Guidance Document for the Registration and Review of Devices as
Combination Products and the Guidance Document for the Qualitative,
Quantitative and In Vitro Release Research of Drug Components in Devices as
Combination Products [27].

Artificial intelligence, surgical robots, nanomaterials and tissue en-
gineering for medical devices.

“NMPA encourages market entry of innovative medical products. It
published the Special Review Procedures for Innovative Medical Devices and
the Priority Review Procedures of Medical Devices for Urgent Clinical Needs.
These regulations provide special approval channels for urgently needed
medical devices. Safety and effectiveness are guaranteed while the
launching of innovative medical devices is accelerated.” [28] These
policies have promoted the development and commercialization of
innovative medical products. As of March 2022, NMPA has approved 148
innovative medical devices, including orthopaedic surgical robots, and
products based on artificial intelligence, tissue engineering and nano-
technology [29,30].

Medical devices driven by artificial intelligence were included in the
first RSAP [10]. On July 17, 2019, the Conference on Artificial Intelli-
gence for Medical Device Innovation was held in Beijing [31]. “At the
conference the Cooperation Platform of the Artificial Intelligence for
Medical Device Innovation was established. The platform was
co-sponsored by 14 organizations, including the Center for Medical De-
vice Evaluation of NMPA, the National Computer Network and Infor-
mation Security Management Center, the China Academy of Information
and Communications Technology, the Chinese Society of Biomedical
Engineering, the China Biotechnology Development Center, the Chinese
People's Liberation Army General Hospital, and Tsinghua University. The
purpose was to manage the risks of rapid AI deployment in medical de-
vices for the regulators and the industry. To encourage innovation and
translation of AI-powered medical devices, a science-based evaluation
system that covers data governance, standard setting, clinical evaluation,
testing and inspection must be established." [31].

October 18, 2019, NMPA identified a technical collaborator for the
standardization of AI-powered medical devices [32]. NMPA released the
Guidance Document for the Classification and Definition of Artificial
Intelligence-Based Software as a Medical Device on July 8, 2021 [33]. On
March 7, 2022, the Center for Medical Device Evaluation of the NMPA
issued the Guidance Document for the Registration and Review of Artificial
Intelligence-Based Medical Devices, filling the regulatory gap for review
standards [34]. The research and evaluation laboratories for AI-powered
medical devices were included in the second batch of 72 key laboratories
of the NMPA RSAP, published on February 9, 2021 [14].

The Evaluation of innovative medical devices based on remote trans-
mission, flexible electronic technology and medical robots, and the Evaluation
of safety, efficacy and quality assurance of innovative nanoscale drugs and
medical devices were included in the key research programs of the second
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NMPA RSAP, published on June 28, 2021 [12]. NMPA released the
Guidance Document for the Safety and Efficacy Evaluation of Medical Devices
Using Nanomaterials Part I: System Framework on August 27, 2021 [35].

On December 28, 2007, NMPA issued a notice on the requirements for
research and application of tissue-engineered medical products [36]. On
February 9, 2021, laboratories related to tissue engineering technology
were included in NMPA RSAP's second batch of 72 key laboratories [14].
According to the Opinions of the National Standardization Administration of
NMPA on Promoting the High-Quality Development of Medical Device Stan-
dardization released on March 30, 2021, regulatory science should be
strengthened for standards of biomaterials, drug–device combination
products, additive manufacturing technology, and degradable materials,
tissue engineering, recombinant collagen and nanomaterials [37].

3. A regulatory perspective

Broadly speaking, scientific research activities on medical devices
includes basic, applied and development study. Medical device research
and development aimed at clinical translation and market entry usually
cover concepts, and prototypes, preclinical and clinical investigations,
pre-market evaluation, industrialization, commercialization, and post-
market surveillances. For authors and readers of JOT who are mainly
engaged in basic and applied research but are interested in translating
their innovations into medical devices, the following considerations
might be useful for a regulatory compliance perspective.

3.1. Tuning into market and clinical needs

All medical devices must fulfill clinical needs and solve practical
problems [38–53]. The academic value of research findings is not always
aligned with their clinical values. However, if an innovation is expected
to bring new technologies and products to the market, then research on
market and clinical demands should be conducted as early as possible
[38–53]. The urgent clinical needs and unsolved problems should be
pinpointed to refine the research program accordingly. Otherwise, it
might be difficult for significant research findings to be translated into
successful medical products [38–53].

To both address clinical needs and ensure safety and effectiveness,
clinical evaluation must be conducted and submitted for all the Class II
and Class III devices during their registration. Please note that clinical
evaluation “is a set of ongoing activities that use scientifically sound
methods for the assessment and analysis of clinical data to verify the
safety, clinical performance and/or effectiveness of the medical device
when used as intended by the manufacturer” [54]. Clinical evaluation
may include, but is not equal to clinical trial.

3.2. Attention to regulations and standards

All medical devices must comply with the framework and re-
quirements of the national regulatory authority. Researchers are
encouraged to learn and understand the differences/similarities of reg-
ulations and regulatory systems in China, US, Japan, and EU [55]. The
general principle is that market access is only possible after the stringent
reviews and procedures that ensure the safety and effectiveness of
medical devices in the human body. This means that researchers should
be mindful of their research methods and technical indicators, which
should be consistent with the regulations, technical guidance documents
and standards such as YY/T 0287 (i.e., ISO 13485) and YY/T 0316 (i.e.,
ISO 14971) issued by the chosen regulatory pathway. A careful evalua-
tion of compliance requirements would facilitate the pre-market reviews
and avoid duplicated efforts.

3.3. Issues of intellectual property protection

All medical devices require high inputs characterized by heavy in-
vestment, big risks and lengthy cycles. Therefore, innovative medical
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devices must be protected by patents and other necessary measures to
preserve their commercial value. Researchers could protect their intel-
lectual property rights by heeding the advice from professional in-
stitutions for intellectual property protection, formulating early patent
protection plans at the project design stage, and applying for patent
protection in a timely and optimized manner. In particular, it is essential
to avoid public disclosure of key technical information in academic
journals or conferences before applying for a patent. Such action risks
losing the window of opportunity for patent protection.

4. Conclusions

This article reported the regulatory progresses on medical devices in
China. The revised Regulations of Medical Devices of China in 2021 is
important to public health and economic development, and the innova-
tion of medical devices. The RSAP of the NMPA was demonstrated in
terms of several representative programs including additive
manufacturing and customized devices, drug–device combination prod-
ucts, artificial intelligence-powered software and surgical robots, nano-
materials and tissue engineering. Regulatory perspectives on the
translation of medical devices from bench to clinic is also presented. The
improvement of regulatory system and advancement of regulatory sci-
ence further drives fast development, translation and innovation of safe
and effective medical devices in China.
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