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Abstract

Pain significantly impacts both the physical and mental well-being of individuals and imposes a substantial burden
on society. Traditional pain management approaches are diverse but often fall short in adequately addressing
patients’ emotional and psychological experiences. In recent years, digital therapy has emerged as a rapidly de-
veloping field with significant potential in perioperative pain management. This innovative approach leverages
digital technology, particularly cognitive-behavioral therapy, to alleviate pain and deliver more comprehensive, ef-
ficient, and personalized care. This study explores the applications and future directions of digital therapy in pain
management, aiming to broaden understanding among healthcare professionals and patients, and to open new

Highlights
● Analysis of collected data reveals that digital therapy offer new treatment methods and options in the field of

pain management. After conducting research and analysis, it has been found that digital therapeutics offer new
treatment methods and options, especially in the area of perioperative pain management.

● Multiple clinical studies indicate that digital therapy has significant effects in the treatment and relief of pain
caused by various conditions.

● Domestic and international policies have positively influenced the development and progress of digital therapy.
● Ethical considerations require continuous evaluation, decision-making, and regulation, warranting ongoing re
flection.

● Digital therapeutics, as an emerging intervention for pain, are propelling perioperative pain treatment towards a
diversified and personalized comprehensive diagnostic and treatment model.
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Introduction

Pain is a prevalent health concern, with chronic 
pain, defined as pain persisting or recurring for 
more than three months, posing a particularly 
severe societal burden [1, 2]. Managing chronic 
pain has long been challenging, as traditional 
pain treatment methods, including pharma-
cological, physical, and surgical interventions, 
are often associated with side effects or limita-
tions. Especially during the perioperative peri-
od, which is a critical accompaniment to sur-
gical treatment, there are higher demands on 
the medical team. If pain management during 
the perioperative period is inadequate, it can 
lead to numerous complications for patients, 
increasing medical costs and the difficulty of 
recovery. In this context, digital therapy has 
garnered increasing attention as an innovative 
therapeutic option.

With the rapid development of digital technol-
ogy, digital therapeutics have demonstrated 
numerous advantages such as personalization, 
convenience, and remote monitoring, as well 
as unique potential in pain treatment. How-
ever, the application of digital therapeutics in 
pain treatment is still in a phase of continuous 
exploration and development, and further in-
depth research is needed in terms of efficacy, 
safety, and reliability. Therefore, a comprehen-
sive review of the research progress of digital 
therapeutics in pain treatment is presented, 
along with a graphical summary (see Figure 1). 
It is hoped that through this visual presenta-
tion, medical practitioners and researchers can 
quickly understand the cutting-edge dynamics 
in this field, providing new ideas for future re-
search and clinical application in the field of 
pain treatment.

Current status of pain management

Statistics show that approximately 20% of pa-
tients globally experience pain, with chronic 
pain accounting for about 50% of these cases 
[3]. Chronic pain, characterized by its long-
term and persistent nature, inflicts significant 
physical and psychological harm on patients. 
In China, the number of chronic pain patients 
exceeds 300 million and is rapidly increasing, 
with a trend towards younger patients [4]. This 

trend is expected to worsen as the population 
ages. Despite the widespread and detrimental 
nature of pain, there remains a lack of focus on 
pain management across various specialties, 
and current clinical pain treatments have yet to 
fully satisfy both patients and healthcare pro-
viders.

According to guidelines and consensus from 
the Pain Society of the Chinese Medical Associ-
ation, pain management begins with preventive 
strategies, lifestyle modifications, and rehabili-
tation as initial treatments [5]. Pharmacological 
treatments, including nonsteroidal anti-inflam-
matory drugs, opioid analgesics, ion channel 
blockers, and antidepressants, are commonly 
used for pain management [6, 7]. However, 
long-term use of medications inherently carries 
risks and potential dependency. When medi-
cations fail to alleviate pain or cause adverse 
effects, minimally invasive interventional pain 
techniques are available as alternatives [8]. 
Research indicates that 64% of chronic pain 
patients are dissatisfied with the pain relief 
achieved through various treatments, with com-
plete relief rates of less than 20% [9].

The absence of objective measures for pain 
introduces significant variability in causes, 
tolerance levels, and treatment responses, pre-
senting challenges for accurate diagnosis and 
treatment. Furthermore, the establishment of 
pain management departments in China is rel-
atively recent, having developed only within the 
past decade, leading to limited awareness of 
pain management among both medical profes-
sionals and the public. Given these obstacles, 
pain management faces pressing questions: 
What specific problems and challenges does 
it confront? Should alternative methods be ex-
plored to improve treatment outcomes? There 
is an urgent need to explore new treatment op-
tions, with digital therapy emerging as a prom-
ising, effective approach for pain management.

Overview of digital therapy

Definition of digital therapy

Digital therapy (DTx) is a novel concept in the 
field of medical technology, driven by software 
programs and grounded in evidence-based 

avenues for pain treatment. The text combs through the synergistic empowerment of digital therapeutics in the 
perioperative period, discussing its multifaceted advantages such as optimizing analgesic effects, reducing mental 
anxiety, and improving psychological conditions. It also analyzes current challenges including privacy protection, 
data security, and technological adaptation, providing a reference for future research and application directions in 
digital pain treatment during the perioperative period.

Keywords: Pain, digital therapy, virtual reality, pain management, cognitive-behavioral therapy
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medicine. It involves intervention schemes 
designed to treat, manage, or prevent diseas-
es [10]. In terms of product form, the core of 
digital therapy is computer software that can 
be used independently or in conjunction with 
other medications. Diseases characterized by 
long management cycles, multiple intervention 
measures, poor patient adherence, low levels 
of patient self-management, and clear clinical 
guidelines are particularly suitable for the treat-
ment with digital therapeutic products [11]. 
These are the primary application areas for dig-
ital therapy.

Types of digital therapy

At present, the main types of DTx include Vir-
tual Reality (VR) and Augmented Reality Tech-
nologies, Brain-Computer Interfaces, Wearable 
Devices, and Mobile Applications (Figure 2). 
Since DTx covers a broad range, its main types 

include but are not limited to the descrip-
tions mentioned above, and also encompass 
sub-branches under the main types or other 
types that have not been explicitly classified.

1. VR and Augmented Reality Technologies [12]:
VR is used in psychological therapy or rehabil-
itation training by immersing patients in thera-
peutic scenarios, thereby enhancing treatment
efficacy. By leveraging big data and artificial
intelligence, VR and Augmented Reality technol-
ogies can provide customized treatment plans
based on individual patient characteristics and
specific conditions.

2. Brain-Computer Interfaces [13]: This tech-
nology establishes a direct connection between
the brain and external devices, allowing users
to control external devices through conscious
thought or brain signals. This “dialogue” be-
tween the brain and machines facilitates the
acquisition of external information.

3. Wearable Devices [14]: Essential to digital
therapy, wearable devices include smart wrist-
bands, electrocardiogram monitors, and physio-
logical trackers for sleep, heart rate, and blood
pressure monitoring. They enable continuous
health data recording and management, with
features like vibration feedback supporting re-
mote treatment by healthcare providers.

4. Mobile Applications [15]: These applications
support mental health and disease manage-
ment, promoting patient-centered care and au-
tonomy in managing health conditions.

Advantages of digital therapy

Figure 1. Digital therapeutics in pain treatment research progress analysis chart.

Figure 2. The main types of digital therapy.
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Digital therapy leverages virtual reality tech-
nology and other digital tools, transforming 
real medical principles into software-driven 
interventions. They represent an innovative 
approach that extends beyond traditional treat-
ment limiations and serve as a complement 
and optimization of conventional therapies [16].

VR technology is a novel alternative for pain 
management and has shown significant ef-
fectiveness in various acute pain treatments 
[17]. Despite the complex pathophysiology that 
drives the transition from acute to chronic pain, 
VR technology has also demonstrated benefits 
in managing chronic pain [18]. For instance, 
Sam et al. conducted a study on VR-based pain 
relief [19]. They recruited 15 volunteers, ap-
plied capsaicin to induce a pain model on their 
legs, and simulated chronic pain with electric 
shocks. Volunteers used VR to either experi-
ence an Arctic adventure or view static images 
to alleviate pain. The results showed that im-
mersive VR reduced both pain and sensitivity, 
supporting the hypothesis that “immersive VR 
reduces pain by distracting attention.”

Compared to traditional therapies, digital thera-
py offer several advantages:

1. Targeted Treatment Plans: Provides targeted
therapeutic options based on individual patient
conditions.

2. Remote Monitoring: Enables disease inter-
vention at home, making treatment more ac-
cessible and convenient.

3. Real-Time Monitoring and Adjustment: Fa-
cilitates timely interventions and adjustments
through real-time data monitoring and record-
ing.

4. Cost Reduction: Reduces treatment costs
and lessens the economic burden on patients.

5. Support for Academic Research [16]: En-
hances the of healthcare professionals’ effi-
ciency, and improves treatment outcomes.

Current development of digital therapy

International development of digital therapy

With rapid advancements in science and tech-
nology, a new technological revolution, led by 
artificial intelligence, is driving a global innova-
tion, including the integration of advanced tech-
nologies into healthcare. This integration aims 
to improve the current medical environment 
and has spurred the concept of digital therapy.

DTx, introduced by Joseph Kvedar, provides ef-
fective, evidence-based medical interventions 
driven by high-quality software [10, 20]. The 
approval of digital therapy prescription prod-
ucts by the U.S. Food and Drug Administration, 
such as the BlueStar® diabetes management 
platform depression treatment platforms, and 
treatments for substance abuse, marks the en-
try of digital therapy into clinical practice as an 
effective complement to traditional therapies 
[21-23].

Government support has significantly acceler-
ated the progress of digital therapy. However, 
only a few countries have implemented related 
policies for the practical execution of digital 
therapy. The United States has a relatively 
mature registration and approval process for 
digital therapy products, having introduced the 
Digital Health Pre-Certification Program in 2017 
and initiated pilot projects for digital health and 
certification [24]. In 2019, Germany proposed 
public access to digital therapeutic products 
free of charge, incorporating them in the health 
insurance reimbursement scope, while Belgium 
approved similar reimbursement schemes [25, 
26]. In 2020, South Korea released approval 
guidelines, paving the way of digital therapy 
regulation [27]. Currently, digital therapies are 
widely used abroad in areas such as chronic 
diseases, mental health, neurological disor-
ders, and other conditions, with national ap-
proval systems taking shape.

Additionally, countries like the UK, France, and 
Australia have adopted effective measures to 
ensure the legality and compliance of digital 
therapy, even without fully developed regulatory 
frameworks [28].

Domestic development of digital therapy

Compared to international advancements, dig-
ital therapy in China began later and remains 
in the early stages, with few mature solutions 
currently established. Globally, definitions and 
regulations for digital therapy are still evolving, 
and China has yet to adopt a clear official defi-
nition. In February 2017, the National Medical 
Products Administration categorized digital 
therapy as conventional medical devices in the 
“Guiding Principles for Technical Review of Mo-
bile Medical Devices” [29].

Approval systems, clinical trial results, business 
models, and insurance reimbursement for digi-
tal therapy are still under exploration. However, 
with ongoing policy improvements and increas-
ing market demand, digital therapy has gained 
attention, and prospects for development in 
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China appear promising.

Following the outbreak of COVID-19 in early 
2020, digital technologies rapidly advanced in 
the healthcare field. That year, a digital ther-
apy product in China received one of the first 
National Medical Products Administration ap-
provals, permitting direct doctor prescriptions. 
Subsequently, the government initiatives like 
the “Healthy China 2030” Planning Outline 
and the “14th Five-Year Plan” for Bioeconomic 
Development, have emphasized the construc-
tion and application of innovative therapies, 
supporting the development and innovation of 
digital healthcare technologies [30]. With policy 
guidance and expert advice, domestic digital 
therapy companies have made progress in ar-
eas such as pain management. For instance, in 
2023, Suzhou Reacool Medical Technology Co., 
Ltd. obtained the first national approval for a 
digital pain relief rehabilitation product [31].

Digital therapy not only reduces treatment 
costs but also facilitates the transformation of 
treatment methods, complementing or even 
substituting traditional therapies. According to 
ClinicalTrials.gov, as of July 2022, there were 
5,291 clinical studies on digital therapy glob-
ally, with approximately 300 studies in China 
[32]. The shift toward clinical-oriented medical 
innovation and the integration of medicine and 
engineering is expected to drive the widespread 
adoption of digital therapy. As an emerging 
force in pain management, digital therapy is 
poised to gain prominence.

Application of digital therapy in pain manage-
ment

According to the latest survey by Managed 
Markets Insight & Technology, LLC., a primary 
barrier to digital therapy is the perceived lack of 
“clinical value” [33]. As digital therapy evolves 
from concept to practice, stakeholders increas-
ingly recognize that clinical trials play a crucial 
role in maturing digital therapy.

As of October 2021, data from E-Capital shows 
that there were 417 clinical trials related to 
digital therapy worldwide [33]. The number of 
trials grew over fivefold, from 16 in 2016 to 98 
in 2020. In China, data from the Clinical Trial 
Registration Center indicates 60 trials involving 
“digital therapy,” “software,” and “virtual real-
ity” between January 2021 and March 2023 
[34]. Further analysis reveals that only 13 were 
conducted in 2021, while 37 were conducted 
in 2022, indicating a nearly threefold increase 
in clinical trials and a significant rapid growth 
trend [34].

Digital therapy is characterized by its evi-
dence-based foundation, which necessitates 
high-quality clinical trials to demonstrate their 
safety and effectiveness in medical interven-
tions. One randomized controlled trial showed 
that a digital program could serve as a viable 
model for alleviating chronic shoulder pain 
[35]. The study observed high acceptance, sat-
isfaction, and adherence rates across groups, 
with significant clinical improvements. This trial 
highlighted the potential of digital therapy in al-
leviating chronic shoulder pain and considered 
its scalability and effectiveness. Another study 
also confirmed that combining virtual reality 
technology with local anesthesia and anxiety 
interventions provided additional analgesic ef-
fects [36]. This non-pharmacological interven-
tion shows promise as an effective adjunct to 
pain management, reducing surgical pain and 
anxiety during procedures without serious com-
plications.

Currently, VR is used in the treatment of vari-
ous pain conditions, including burn pain, dental 
pain, ischemic pain, cancer pain, and chronic 
headaches [37-41]. It not only alleviates pain 
perception but also improves psychological 
well-being. Research confirms VR’s effective-
ness in relieving various types of pain, such 
as acute pain from surgical procedures and 
chronic pain from other causes [42-47]. A study 
on the efficacy of VR in reducing pain sensitivity 
in patients with lower back pain revealed that 
immersive VR effectively alleviated pain by 
distracting attention [48]. Moreover, VR’s appli-
cation extends to pediatric pain management. 
Wong et al. conducted a randomized controlled 
trial with children undergoing intravenous 
cannulation, showing that VR significantly im-
proved pain and anxiety in these patients [49]. 
In digital health psychological intervention, 
adolescent pain management showed signifi-
cant improvements over time, with participants 
reporting greater improvement post-treatment 
and during follow-up [50]. However, further 
research is needed to understand how digital 
health interventions can enhance treatment 
engagement and optimize implementation, 
ensuring the safety and reliability of digital ther-
apy.

Digital therapy represents the empowerment of 
current medical methods through information 
technology and artificial intelligence, using in-
novative treatment methods to alleviate pain 
and modulate pain perception. The pain relief 
mechanisms of digital therapy include:

1. Cognitive Behavioral Intervention: Alters pa-
tients’ negative perceptions and coping strat-
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egies regarding pain, fostering a positive and 
optimistic mindset, thus breaking the “pain → 
negative emotion → pain” vicious cycle, and 
aiding in pain relief [51].

2. Attention Diversion Mechanism [52]: Uses 
virtual environments to attract patients’ at-
tention, reducing their cognitive awareness of 
pain, thereby decreasing pain intensity and dis-
comfort.

3. Neuroregulation Mechanism: Utilizes tech-
niques such as electrical and magnetic stimula-
tion to directly influence neural system activity 
and alleviate pain. Early research by Hoffman et 
al. on functional magnetic resonance imaging 
showed that VR technology could significantly 
reduce patients’ subjective pain perception and 
decrease brain activity in five pain-related brain 
regions [53]. However, the specific mechanisms 
by which VR alleviates chronic pain remain un-
clear and require further study.

Ethical issues in digital therapy

In the past 20 years, the digital transforma-
tion of healthcare has relied on deep learning 
and simulation computing, primarily applied 
to medical diagnostics, remote care, and data 
monitoring, aiming to provide more convenient 
and adaptable care models for the public [54]. 
However, with the rapid development of digital 
medical technology, certain ethical risks and 
challenges have emerged. Addressing these 
ethical concerns requires intervention and 
management not only from a legal perspective 
but also from an ethical standpoint [55].

Privacy and confidentiality

Compared to traditional patient-doctor interac-
tions, digital therapy platforms introduce new 
risks related to patient information leakage. 
Training digital intervention models requires 
collecting large amounts of patient data, and 
the instability and vulnerability of networks may 
exacerbate the risk of data breaches. If privacy 
protection systems are flawed, there is a poten-
tial for violating individuals’ property rights, per-
sonal rights, or leading to intellectual property 
disputes [56]. As more personal information 
appears in large online databases, data aggre-
gation and analysis raise the risk of re-identi-
fication, making complete privacy protection 
challenging. Thus, data security and privacy are 
fundamental and crucial ethical issues in digi-
tal therapy.

When collecting, using, and storing data, strict 
adherence to laws, regulations, and ethical 

standards is essential. Privacy issues should be 
addressed through rigorous scientific research 
and ethical design, with sensitive data subject-
ed to appropriate de-identification or encryption 
to prevent unauthorized access or misuse. 
Patients’ rights to informed consent and choice 
must be fully protected, and data should be col-
lected and used only within the minimum nec-
essary scope [57]. Comprehensive data privacy 
protection measures and security standards 
must be established to effectively safeguard 
the development of digital therapy.

Generalizability and fairness

While digitalization brings convenience to daily 
life, it also creates a “digital divide” dispro-
portionately affects populations with limited 
information technology skills, such as the el-
derly [58]. Older adults are a high-risk group 
for diseases, with declining physical functions, 
weakened immune systems, and frequent 
medication use. They often recover more slowly 
and have greater healthcare needs. However, 
the “digital divide” poses significant barriers to 
their access to healthcare. Additionally, factors 
such as educational levels and economic con-
ditions in remote areas may affect their ability 
to benefit from digital health services.

The development of digital therapy should 
consider broad applicability and respect for 
special groups and cultural differences. Recog-
nizing that older populations may have limited 
familiarity, learning capacity, and acceptance 
of new technologies, digital therapeutic prod-
ucts should incorporate age-friendly services 
[59]. Simple and intuitive interface design, 
user-friendly digital therapeutic platforms, and 
tools should be prioritized to improve the over-
all health status of diverse populations.

Algorithm opacity and explainability principles

Digital therapeutic technologies are soft-
ware-based, and due to algorithm opacity or 
technical and commercial confidentiality, their 
reliability and safety undergo testing in a “black 
box” manner. This “black box” characteristic 
is one of the main obstacles to the application 
of digital therapy in the medical field [58]. For 
various digital therapeutic domains, validat-
ing product safety and reliability depends on 
the source of research evidence and must be 
scientifically rigorous. When developing digital 
therapeutic systems, ethical issues must be 
carefully considered to ensure that artificial in-
telligence products meet corresponding ethical 
requirements during clinical trials. For example, 
ChatGPT is programmed with source code to 
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adhere to OpenAI’s ethical and moral stan-
dards, avoiding actions that could result in ad-
verse outcomes when responding to abnormal 
instructions [60].

As digital medical technologies become increas-
ingly crucial for public health and personalized 
healthcare, their global adoption is accelerat-
ing. The healthcare sector’s digital transforma-
tion, often referred to as “Health 4.0,” signifies 
a shift into a new era where digital healthcare 
will face unique challenges and opportunities.

Future prospects and challenges of digital ther-
apy

According to the latest report by Markets and 
Markets, the global artificial intelligence market 
is expected to reach USD 11.03 billion in 2023 
and USD 51.8 billion by 2028, with a compound 
annual growth rate of 35.6% [61]. FORTUNE 
BUSINESS INSIGHTS predicts that the digital 
health market size will reach $1,965.3 billion 
by 2030, with a compound annual growth rate 
of 23.3% from 2023 to 2030 [62]. Insider 
Intelligence forecasts that digital therapy will 
become a USD 56 billion global opportunity by 
2025 [28]. Between December 1, 2022 and 
December 22, 2023, Chinese central govern-
ment issued 66 policies related to digital health 
[61]. The alignment of global market trends 
with supportive local policies is expected to re-
fine the digital therapy framework, establishing 
a solid foundation for the industry’s healthy 
development. Moreover, the latest report by the 
Peterson Health Technology Institute indicates 
that digitally guided therapy programs offer 
cost-effective solutions, providing outcomes to 
face-to-face therapy at lower costs. For patients 
with commercial insurance, virtual or remote 
digital solutions can save at least USD 737 to 
1,306 in medical expenses annually [63].

Digital therapy is rapidly evolving, with ongoing 
developments in disease management and reg-
ulatory approvals, holding immense potential. 
Although recent investment data have been 
less than ideal, with overall decline in market 
investment, reflecting a normal fluctuation cycle 
[63]. The domestic prospects for digital therapy 
are broad, but the industry remains in its infan-
cy and faces several challenges. First, ensuring 
the safety and efficacy of digital therapy in Chi-
na requires rigorous clinical trials and robust 
regulatory mechanisms to better support these 
trials. Given the potential technical differences 
among various digital therapeutic products, 
there is an urgent need to establish unified 
standardized protocols for digital therapy. Addi-
tionally, patient data privacy and security must 

be prioritized, as safeguarding personal infor-
mation and data security is crucial. Despite the 
advantages of digital therapy over traditional 
methods, achieving comprehensive solutions 
remains challenging. The promotion of digital 
therapy may involve issues related to medical 
costs and the willingness of doctors and pa-
tients to adopt new technologies, which could 
hinder widespread adoption. Therefore, explor-
ing suitable payment models and increasing 
awareness and acceptance among healthcare 
professionals and patients are essential.

The challenges extend beyond clinical trials 
and regulatory issues, as further development 
is also needed in areas such as mechanism ex-
ploration and delivery technology. While some 
well-known international digital therapeutic 
companies, such as Pear in the U.S. and Bab-
ylon in the U.K., have encountered financial 
difficulties and even bankruptcy, the outlook 
for digital therapy in China remains optimistic. 
Local governments, particularly in Hainan, 
have shown strong support for digital therapy 
industry, issuing the first policy documents to 
facilitate its growth and conducting pilot proj-
ects to accelerate digital health transformation 
in Hainan Province [64]. Strengthening inter-
national collaboration and incorporating inno-
vative practices from other countries can help 
shape a digital therapeutic model suitable for 
China’s unique healthcare needs and national 
conditions.

Conclusion

Amid rapid technological advancements, digital 
therapy is playing an increasing prominent role 
in modern medical diagnosis and treatment. 
Many countries and regions have introduced 
policies and regulations to encourage the inno-
vation and application of digital therapy. Along-
side a favorable policy environment, substantial 
research and clinical trials have proven the 
effectiveness and safety of digital therapy, pro-
viding scientific evidence for their application 
value.

Digital therapeutic interventions for pain man-
agement offer significant clinical and social 
values. Given the limitations of traditional treat-
ment methods in meeting the needs of pain pa-
tients, digital therapy emerges as a promising 
solution. Future research and development will 
further drive the application and innovation of 
digital therapy in the field of pain management. 
While our current understanding continues to 
evolve, the outlook for digital therapy is promis-
ing, with significant potential to transform pain 
management in the years ahead.
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