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ABSTRACT

This review article explores the evolution and integration of pulse diagnosis technology rooted in Traditional
Chinese Medicine (TCM) within modern healthcare systems. Tracing its origins back over two millennia, tradi-
tional pulse diagnosis involves expert practitioners palpating the radial artery to assess internal organ health
and Qi balance. While historically reliant on practitioner skill, recent technological advances have introduced
digital pulse diagnostic devices employing sensors, artificial intelligence, and machine learning to enhance di-
agnostic precision and personalize treatment. These innovations bridge the gap between ancient TCM prac-
tices and contemporary medical paradigms, improving patient outcomes and diagnostic accuracy. The paper
highlights the benefits of integrating pulse diagnosis technology, noting its role in managing chronic diseases,
enabling preventive strategies, and fostering patient satisfaction through personalized therapeutic approaches.
Clinical studies demonstrate significant improvements in treatment effectiveness when pulse diagnosis guides
interventions, underscoring its capacity to detect subtle physiological imbalances often missed by conventional
methods. It also addresses social determinants influencing the adoption and effectiveness of these technolo-
gies, including economic stability, education, community context, and healthcare access, especially in rural and
low-income regions.

Challenges such as limited technological infrastructure, regulatory barriers, disparities in health literacy, and
ethical concerns around data privacy and security are examined. The need for standardized diagnostic proce-
dures, robust data protection measures, and supportive policy frameworks is emphasized to facilitate broader
implementation.
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Introduction

Pulse diagnostic technology, rooted in ancient medical practices,

enhanced diagnostic accuracy and personalized treatment. The pa-
per highlights benefits such as improved patient outcomes, greater
diagnostic precision, and the bridging of traditional and contempo-

has generated renewed interest in the contemporary health landscape
as a prominent tool for disease detection and personalized treatment.
Its importance is particularly relevant in the context of personalized
medicine, where the integration of traditional diagnostic techniques
with advanced technology can enhance patient care and tailor treat-
ment strategies to individual needs (Sultana, et al. [1]). The paper
explores the evolution and integration of pulse diagnosis technology,
rooted in Traditional Chinese Medicine (TCM), with modern health-
care systems. It traces the historical development of pulse diagnosis,
from tactile methods that require expert practitioners to advanced
digital technologies that employ sensors and artificial intelligence for

rary medical paradigms. Additionally, it examines social determinants
such as economic stability, education, community context, and health-
care access that influence the adoption and effectiveness of these
technologies. The paper also highlights the challenges in integrating
pulse diagnosis technology into modern healthcare systems and con-
cludes with directions for future research.

Evolution of Pulse Diagnosis Technology

The diagnosis of impulses, an integral component of TCM has a
rich historical context that dates back to two millennia (Wang, et al.
2011). Traditionally, this diagnostic method involves the qualified
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practitioner who palpates the radial artery in various points on the
wrist to discern the patient’s health conditions by interpreting the
qualities of the wrist, which are believed to reflect the internal state
of the organs and the balance of the Qi (vital energy), blood and body
liquids (Zhang, et al. [2]). The fundamental texts of TCM, such as the
Huangdi Neijing (the classic of internal medicine of the Yellow Em-
peror), elaborate on the philosophical bases and techniques of diag-
nosis of pulses, establishing a framework that professionals continue
to follow (Matos, et al. [3]). Historically, the diagnosis of impulses was
performed with a nuanced understanding of over 30 distinct impuls-
es, each related to specific pathological and physiological phenomena.
The diagnostic process is heavily reliant on the practitioner’s sensitiv-
ity and experience, as it necessitates a combination of tactile sensitiv-
ity and interpretive skills to discern the subtle nuances of impulses,
such as depth, speed, and rhythm (Song, et al. [2,4]). Consequently,
training in this methodology is intense, often requiring years to mas-
ter, reflecting the complexity and significance attributed to the prac-
tice within TCM (Bilton, et al. [5]).

During the transition to the twentieth century, the diagnosis of
pulse faced challenges stemming from the modernization of medical
practices and the influence of Western medicine (Hajar, et al. [6,7]).
Chudakova [8] evaluated the development and use of an Automated
Pulse Diagnostic Complex (ADPC) device designed in the early 1980s
to replicate and objectify the traditional Tibetan medicine practice
of pulse diagnosis in Buryatia, a region in Southeastern Siberia. He
noted that over time, the device could not fully automate or replace
the skills of Tibetan medical practitioners (emchi). Over the last two
decades, technology has been adapted to incorporate new method-
ologies, such as the diagnosis of digital pulse, which utilizes sensors
and software to analyze the most accurate pulse waveforms (Hemdan,
et al. [9-12]). This modern adaptation has not only preserved tradi-
tional knowledge but also bridged the gap between ancient practices
and contemporary health paradigms (Albahri, et al. [3,13-15]). These
devices utilize advanced sensors that capture physiological signals in
real-time, enabling continuous monitoring of several pulse attributes,
including heart rate variability, amplitudes, and frequencies (Shrivas-
tava, et al. [16,17]). For example, an intelligent bracelet capable of in-
tegrating various biometric data can provide information on patients’
cardiovascular conditions, effectively bridging the gap between TCM
and Western medical practices (Li, et al. [18]).

Recent advances in technology have led to the emergence of au-
tomated systems that utilize algorithms to interpret pulse signals,
thereby significantly improving evaluation efficiency. In particular,
these automated systems employ automatic learning techniques to
analyze large sets of pulse characteristics, identifying correlations
that may not be evident to professionals who rely solely on manual
evaluations (Duan, et al. [7,19,20]). For example, the work of Zhang,
etal. [21] highlighted the effectiveness of an automatic learning algo-
rithm that can classify pulse conditions with remarkable precision,
achieving performance metrics comparable to those of experienced

doctors. This convergence of traditional experience with Al technolo-
gy not only enhances the diagnostic capabilities of TCM professionals
but also aligns with the global trend towards data-based medical care.
More recently, Duan, et al. [19] highlighted the role of Al in enhancing
decision-making processes, providing evidence based on real-time
analysis of pulse data. This evolution not only supports professionals
in their clinical decision-making but also encourages a deeper under-
standing of the nuanced relationship between the characteristics of
the pulse and holistic health conditions, as described in traditional
texts.

Benefits of Using Pulse Diagnosis Technology

In recent years, various implementations of pulse diagnostic tech-
nology in different countries have been observed, reflecting a growing
recognition of its potential impact on health monitoring. Innovations
in digital health applications and portable devices have expanded the
accessibility and precision of pulse diagnosis, allowing more timely
interventions. Countries like China and India have integrated the di-
agnosis of pulse in their health systems as part of TCM and Ayurveda,
respectively, while Western nations are increasingly exploring these
methods, such as complementary approaches for modern diagnos-
tic practices (Gautam, et al. [22-24]). The convergence of traditional
knowledge and contemporary technology illustrates a change of par-
adigm towards the holistic care of the patient, highlighting the diag-
nosis of pulse not only as a diagnostic tool but also as a fundamental
component in the management of chronic diseases and promoting
preventive strategies of medical care (Narayan, et al. [25,26]).

The integration of impulse diagnosis technology in modern
healthcare practices enhances patient outcomes by fostering a more
comprehensive understanding of individual health conditions (Velik
[27]). The objective data provided by these devices can facilitate im-
proved treatment decisions and enable the customization of thera-
peutic interventions based on the specific patient’s diagnostic results.
Zhang, et al. [2] argued that patients who receive TCM treatments
supported by advanced impulse diagnosis technologies report great-
er satisfaction due to the greater accuracy in diagnosis and a more
personalized therapeutic approach. The application of pulse diagnos-
tic technology in clinical environments exemplifies a crucial intersec-
tion of traditional practices and modern health solutions. By employ-
ing digitized systems and intelligent technologies, professionals are
better equipped to diagnose and manage various health conditions,
ultimately improving patient results and increasing the integration of
TCM into contemporary clinical practice (Lu, et al. [28,29]). The effec-
tiveness of pulse diagnosis in improving patient outcomes is increas-
ingly supported by contemporary research, demonstrating a marked
improvement in diagnostic precision, treatment effectiveness, and
patient overall satisfaction in the context of TCM (Tang, et al. [30,31]).

For instance, a study by Bilton [32] examined the correlation
between the diagnosis of pulse and clinical results in a cohort of pa-
tients with chronic pain. They indicated that practitioners who use
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the diagnosis of pulse in conjunction with standardized evaluation
scales have been able to achieve more personalized treatment pat-
terns. Patients receiving therapies guided by the diagnosis of pulse
have shown a significant decrease in pain levels, thus illustrating an
improvement in the effectiveness of treatment. This suggests that
the diagnosis of impulse not only facilitates a more nuanced under-
standing of the body’s functional state, but also aligns interventions
more closely with the individual needs of patients, thereby promoting
optimal healing outcomes. Research carried out by Zhang, et al. [33]
also supported these claims, where they employed an experimental
design in which the effectiveness of pulse diagnosis was evaluated in
a double-blind controlled trial. The study focused on individuals diag-
nosed with gastrointestinal disorders, where pulse diagnosis guided
the selection of plant-based treatments. The results indicated that
patients whose treatments have been adapted according to the diag-
nosis of pulse have experienced greater resolution of symptoms and
an improvement in digestive function compared to those who receive
generic treatment protocols.

The authors noted that this increase in the accuracy of the diagno-
sis can be attributed to the capacity of pulse diagnosis to detect subtle
physiological imbalances that are often overlooked by conventional
diagnostic methods. Beyond the field of individualized treatment, the
integration of pulse diagnostic technology into the broader context
of modern health practices has the potential for synergy. Using tools
such as portable biosensors and mobile health applications that can
capture real-time impulse data, healthcare providers are positioned
to collect extensive data sets that can validate and refine pulse diag-
nostic methods (Chen, et al. [20,34,35]). The convergence of tradi-
tional diagnostic skills with advanced technologies presents a unique
opportunity to enhance clinical practice by promoting an interprofes-
sional approach that respects the historical roots of TCM while incor-
porating modern scientific rigour (Guo, et al., [28,36]).

Social Determinants

Despite the promising advances in pulse diagnostic technolo-
gy, the effectiveness and accessibility of these diagnostic methods
are significantly influenced by a multitude of social determinants of
health, encompassing various non-medical factors that substantially
impact health outcomes and the effectiveness of healthcare systems
worldwide. These determinants are generally classified into several
key domains: economic stability, education, social and community
context, and access to health in rural areas. Economic stability refers
to the financial resources available to people and communities, which
can have a profound impact on their ability to access medical care
services and utilize innovative medical technologies, such as pulse
diagnostic devices. For example, low-income populations may not
prioritize spending on advanced diagnostic tools, which can poten-
tially exacerbate health disparities (Craig, et al. [37]). Additionally, it
is crucial to address the economic barriers associated with impulse
diagnosis technologies. Price models, reimbursement policies and

cost-sharing mechanisms can have a significant impact on access and
use. Governments must involve interested parties, including health-
care professionals, technology developers, and patient advocacy
groups, to develop sustainable financing strategies.

Innovative reimbursement policies, such as the pay-for-perfor-
mance models that reward positive health results rather than the
simple provision of the service, could encourage the adoption of these
technologies in practice (Junaid, et al. [38-40]). Education plays a fun-
damental role in literacy in health, which is the ability to understand
and use health information effectively. Populations with greater ed-
ucational achievements are generally better equipped to adopt new
technologies, such as pulse diagnosis, understand their implications,
and advocate for their use in preventive measures and treatment
plans (Coughlin, et al. [41]). On the contrary, educational deficits can
hinder the understanding of the importance of such technologies
and their applications in personalized medicine, ultimately limiting
their general effectiveness in the detection and management of dis-
eases (Shashid, et al. [42,43]). The social and community context also
shapes attitudes towards health and wellbeing. Communities with
strong social networks and support systems may exhibit higher rates
of adoption of health innovations, as collective standards and values
can promote acceptance and encourage proactive health-seeking be-
haviours (Kim, et al. [44]).

However, in communities plagued by stigma, distrust, or a lack
of cohesion, the adoption of advanced biomedical technologies, in-
cluding pulse diagnosis, can encounter resistance. Additionally, these
social dynamics can influence how communities share health-relat-
ed knowledge, which directly impacts the perceived relevance and
acceptability of the pulse diagnosis (Prentice, et al. [45,46]). Access
to medical care remains a crucial determinant, which encompasses
the availability and affordability of services, as well as the presence
of adequate medical care infrastructure. In countries where there is
a shortage of health professionals or technological resources, the de-
ployment of pulse diagnostic technology may be severely restricted
(Maita, et al. [47]). For example, rural or underserved areas may lack
the necessary technological support to implement advanced diagnos-
tic tools, thereby widening the gap in health equity (Tagne, et al. [48]).
Additionally, insurance and reimbursement coverage policies can hin-
der the integration of such technologies into standard care practices,
particularly in regions where economic inequality persists (Coombs,
etal. [49,50]).

Challenges Faced and Considerations when

Implementing Pulse Diagnosis Technology
Technological Infrastructure

The relationship between technological infrastructure and the ef-
fectiveness of pulse diagnostic technology is essential in understand-
ing its implementation and operational capacity in various geograph-
ic contexts. Technological infrastructure encompasses not only the
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hardware and software necessary for deploying medical technologies,
but also human resources, training systems, and regulatory managers
that support these innovations. Disparities in these infrastructures
can considerably affect the applicability and success of pulse diagnos-
tic technologies, particularly in contrasting high-income and low-in-
come regions (Narayan, et al. [15,25]). In high-income countries, a
robust technological infrastructure supports the development and
integration of advanced medical technologies into healthcare practic-
es. For example, nations like the US and Germany have access to high-
speed networks, sophisticated medical devices, and well-trained staff,
all of which contribute to the increased efficiency of pulse diagnostic
technology. Here, the implementation of pulse diagnostic devices is
accompanied by a substantial investment in research and develop-
ment, resulting in innovation and continuous improvement of these
technologies (Narayan, et al. [25]). In such environments, diagnosis of
pulse can be effectively deployed not only for the detection of diseases
but also for personalized treatment plans, which are dynamically ad-
justed in accordance with the evaluations of current patients.

The accessibility of complementary technologies, such as data
analysis and artificial intelligence, further enhances the effectiveness
of pulse diagnostics, enabling precise health monitoring and timely
interventions (Rachmad [51]). Conversely, in low-income countries,
technological infrastructure often faces considerable challenges that
hinder the effective deployment of pulse diagnostic technologies.
Limited access to reliable electricity and the Internet, insufficient
funding for health systems, and a shortage of trained medical staff
create a landscape where the potential for pulse diagnostics remains
largely unfulfilled. For example, in regions with an underdeveloped
health infrastructure, such as certain parts of sub-Saharan Africa, the
existence of sophisticated diagnostic technologies, including pulse
oximeters, may not be enough if the necessary support systems are
missing (Olatunji, et al. [15]). The lack of qualified practitioners, in
particular, undermines essential training programs that aim to maxi-
mize the effectiveness of these technologies, leading to ineffective use
or misinterpretation of diagnostic results.

Regulatory Environment and Promotion of Innovation

Regulatory environments in low-income countries could also hin-
der the successful implementation of pulse diagnostic technologies.
Increased bureaucracy, a lack of government support, and fluctuating
health policies contribute to a climate of uncertainty that discourages
investment and innovation. These factors collectively hinder access
to advanced diagnostic solutions that could significantly improve
disease detection and personalized treatment in such regions (Mon-
lezun, et al. [52,53]). Studies illustrated that the government play a
critical role in the successful adoption of pulse diagnosis technolo-
gies, where it provides full support for encompassing the complete
development of the workforce, the commitment of stakeholders and
the reform of policies aimed at promoting access to fair health care
(Frost, et al. [15,25,54]). Policies that prioritize innovation in medical

technologies can stimulate investments and research in the diagnosis
of impulses, promoting progress and leading to effective applications.
For example, countries that actively support digital health initiatives
through subsidies and tax incentives will see a greater proliferation
of diagnostic technologies within their health systems (Ahmed, et al.
[55,56]).

In contrast, nations without these support policies face barriers,
limiting the adoption of technology to urban areas with sophisticat-
ed infrastructures, thereby neglecting rural populations. The dispar-
ity in accessing diagnosis of impulses therefore reflects wider social
inequalities, as individuals in resource-limited contexts are often
left without access to cutting-edge diagnostic tools (Wamble, et al.
[57]). In addition, the variations in regulatory environments between
nations highlight the consequential nature of governance in model-
ling access to healthcare. For example, the rapid approval process-
es seen in countries such as Singapore, which employ a regulatory
sandbox approach, significantly contrast with the prolonged timing
of regulatory agencies in other regions, such as the US (Wang, et al.
2021). These delays can exacerbate the inequalities faced by lower
socio-economic populations that may not benefit from the latest tech-
nological advancements.

Education

The accessibility of educational resources tailor-made for the
diagnosis of impulses also varies between nations, further clarifying
the link between education, health literacy, and the effective use of
these technologies. Countries with strong public health education
systems, such as the Netherlands, often provide global health literacy
programs that include training on emerging health technologies. This
proactive approach ensures that populations are not only aware of
these innovations but are also equipped to understand their impli-
cations, leading to improved health outcomes (Brug, et al. [58,59]).
Further, in high-income countries such as Germany and the US, where
health literacy levels are relatively high, there is a greater understand-
ing and use of technologically advanced health methods, including the
diagnosis of impulses. In these nations, public health initiatives and
educational programs often promote greater awareness and comfort
with these technologies, thus facilitating the early detection of diseas-
es through the diagnostics of impulses (Menne, et al. [60]). For exam-
ple, educational awareness programs have successfully integrated the
formation of impulse diagnosis within doctors and community health
initiatives.

This integration has shown that educating the population on the
relevance and functioning of impulse diagnosis not only demystifies
technology but also empowers people to participate proactively in
their health management (Hahn [61]). On the contrary, in low-income
countries such as India and Nigeria, disparities in health education
and literacy significantly influence the use of impulse diagnosis tech-
nologies (Chidambaram, et al. [62-64]). In regions with lower school
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performance and limited access to health information, the under-
standing and use of these technologies present significant challenges.
In India, despite the flourishing growth of mobile health technologies,
populations in rural areas often lack the knowledge necessary to en-
gage effectively with these innovations (Manapurath, et al. [65]). As
demonstrated in various studies, individuals with inadequate health
literacy are more likely to be wary of new health technologies, which
can exacerbate existing health inequalities and hinder disease detec-
tion efforts (Chidambaram, et al. [62,66,67]).

Ethical Considerations

In addition to the technical and standardization challenges, con-
cerns relating to diagnostic inaccuracies increase the ethical implica-
tions that must be addressed before widespread adoption. Imprecise
diagnoses derived from impulse technology can stem not only from
technical limitations but also from the insufficient training of health-
care professionals in the use of these advanced diagnostic tools. Ku-
mar, et al. [68] highlighted significant security issues surrounding the
Healthcare Internet of Things (H-1oT), which further complicate the
reliability of diagnostic results. As the pulse diagnosis devices are
connected more and more to wider networks, vulnerabilities in data
security and integrity become important concerns. Questions such
as data violations or unauthorized access to patient health informa-
tion can seriously undermine the patients’ trust and violate ethical
standards regarding confidentiality and informed consent (Shojaei,
et al. [69,70]). Patient confidentiality is of paramount importance in
any healthcare facility, and the digitization inherent in pulse diagnos-
tic technology amplifies the urgency of addressing this concern. As
health data becomes increasingly scanned and stored on cloud-based
platforms, the risk of unauthorized access or data breaches becomes
a tangible threat (Alamri, et al. [13,71,72]).

In addition, since pulse diagnosis is based on biometric data,
which can serve as a unique identifier, ethical imperatives compel
healthcare providers to develop robust protocols to mitigate the
risks associated with data leaks or improper use. Chengoden, et al.
[73] argued that in similar contexts involving emerging technologies,
such as metaverses, confidentiality should be a priority to establish
the confidence and commitment of patients. This confidence is cru-
cial as the acceptance of new technologies in healthcare is based on
patients’ perception of the safeguarding of their privacy. Data securi-
ty extends conversation beyond simple confidentiality to encompass
technological frameworks that store and process patient data. The
growing sophistication of cyber-menaces not only poses challenges
in maintaining the integrity of health information but also in ensur-
ing compliance with regulatory standards such as the Portability and
Responsibility Act (HIPAA) in the United States or the General Data
Protection Regulations (GDPR) in Europe (Aldosari, et al. [74,75]).

As pulse diagnostic technology develops, it becomes essential for
healthcare providers and technology developers to implement strict
safety measures, including end-to-end encryption, secure authentica-

tion mechanisms, and regular safety audits. Without addressing these
concerns, the continued adoption of pulse diagnostic technology is
likely to undermine the fundamental principles of the patient-prac-
titioner relationship (Ngesa, et al. [69,76]). Despite these obstacles,
the incorporation of pulse diagnosis into contemporary medical
procedures presents an opportunity to enhance overall care quality,
while also validating and operationalizing traditional knowledge. By
acknowledging the advantages of both Western and TCM, a more in-
clusive healthcare setting can be created, allowing patients to benefit
from a variety of treatment options and encouraging a more compre-
hensive approach to health and wellbeing. Adopting an interdisciplin-
ary and integrated approach could greatly influence the benefits of
modern health and patient experiences as pulse diagnostic technol-
ogy advances.

Conclusion

Given the growing prevalence of chronic conditions such as diabe-
tes, hypertension, and autoimmune diseases, the integration of pulse
diagnosis into a modern health framework can clarify personalized
treatment approaches and improve patient outcomes (Dhawan, et al.
[77,78]). Several key areas warrant further exploration and in-depth
development. First, the integration of advanced sensor technology
into pulse diagnosis presents a significant opportunity to refine tra-
ditional methods. Electronic diagnostic devices with current pulses,
although effective, can benefit from the incorporation of artificial in-
telligence and automatic learning algorithms. These technologies can
analyze large data sets, dislocated on pulse waveforms and complete
patient stories, to identify models that a practitioner might miss (Lu,
etal. [2,28]). This progress can facilitate more precise diagnostics and
treatment plans by correlating specific pulse characteristics with clin-
ical results, which ultimately stimulates an approach based on TCM
evidence. Perhaps longitudinal research could be conducted to assess
the effectiveness of pulse diagnosis technology in treating various
chronic illnesses.

Patients’ outcomes should be tracked over time by these studies,
especially in situations where conventional Western methods have
proven ineffective. Researchers can convincingly demonstrate the
effects of pulse diagnosis interventions in randomized controlled tri-
als, measuring their impact in combination with conventional treat-
ment protocols. These data will be essential in promoting and gaining
broad acceptance to incorporate pulse diagnosis technology in tradi-
tional medical practice, especially in countries and rural areas where
such technology is not well-received. The creation of a standardized
procedure for pulse diagnosis is another promising approach. Treat-
ment outcomes may vary depending on how practitioners interpret
their impulses. The accuracy and efficiency of pulse diagnosis can be
increased by reaching a consensus on classification criteria for im-
pulses that are backed by clinical practice guidelines and empirical
data. Working together, TCM specialists and clinical researchers can
help develop standardized measurement instruments that will sup-
port the reliability of pulse diagnosis in a multidisciplinary setting.
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Finally, the rise in telemedicine has created a unique platform for
applying pulse diagnosis (Bokolo, et al. [79-81]). As remote consulta-
tions for medical care become more common, practitioners can utilize
digital platforms as tools to monitor patients’ vital signs. Devices that
can record and transmit physiological data in real-time may enhance
the diagnostic process by enabling medical professionals to contin-
uously monitor patients” health and adjust treatment plans as need-
ed. Future studies should examine patients’ dedication and support
for remote pulse diagnosis, considering the potential benefits of this
technology for improved communication and ongoing care [82,83].
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