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Digitization is the inevitable path for the natural development of traditional Chinese medicine
(TCM) in the context of the Fourth Industrial Revolution. The goal of TCM digitization is to
generate intelligence from numbers. Originating from the reasoning paradigm of Xiangshu
(% #, image-number) or phenotype-numerology thinking, TCM came with a deep correla-
tion of clinical observations with digits and laid a strong theoretical basis for digitization. The
digitization of TCM should start from the clinical aspect, solve the problem of electronic med-
ical records, achieve standardization and informatization, and on this basis, form a TCM
knowledge base through knowledge-building. This process depends on the combined efforts
of multiple disciplines such as medicine, mathematics, and engineering to achieve the digiti-
zation and intelligent transformation of TCM. This era calls for TCM to break down barriers,
embrace opportunities, and move towards digitization. However, during the transformation,
it should maintain its essence, avoid simplistic conversions, be guided by scientific value,
leverage cutting-edge technologies, and enhance the depth and breadth of the interpretation
of TCM connotations. The digitization of TCM will also improve its service capabilities, create
an innovative digitally-intelligent TCM service platform, and contribute to the development
of “Healthy China” initiatives with wisdom and solutions.

1 Introduction

the Second Industrial Revolution ushered the “Electrical
Age”, and the Third Industrial Revolution was marked by

On October 18, 2021, President Jinping XI emphasized
during the 34th Group Study Session of the Political Bu-
reau of the 19th CPC Central Committee: “In today’s era,
digital technologies and the digital economy represent
the forefront of global scientific revolutions and industri-
al transformations. They are pivotal in the new round of
international competition. We must seize this opportuni-
ty and take over the commanding heights to secure
strategic advantages for future development” . Histori-
cally, the First Industrial Revolution transitioned human-
ity from an agricultural civilization to an industrial one,
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the emergence of information technology. Each industri-
al revolution has had a profound and far-reaching im-
pact on human production and lifestyles ). Human soci-
ety has entered an era characterized by the in-depth inte-
gration of information and digital technologies. A new
round of scientific and technological revolution and in-
dustrial transformation, with the gradual coverage of ur-
ban and rural areas by artificial intelligence (AI), big data,
cloud computing, and fifth-generation (5G) networks, has
changed our lifestyle, economic structure, and social pat-
tern, and has propelled the process of social and historical
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development P. Currently, the Fourth Industrial Revolu-
tion is bringing about another leap in productivity. Digi-
tal technology is driving the world’s scientific and techno-
logical revolution and industrial transformation, endow-
ing them with new connotations. Digitization has perme-
ated all sectors of society, accelerating the advancement
of medicine and the sophistication of the medical tech-
nology structure . PEREZ et al. ! have noted that every
change in technological paradigm will be accompanied
by both barriers and windows of opportunity. TCM, with
its thousands-year-old original thinking based on the
“phenotype-numerology thinking model”, that reveals
the essential laws for understanding the world through
analogy and symbolization such as images, symbols, and
numbers, needs to break down barriers and seize oppor-
tunities in this era, and should achieve digital transforma-
tion in the new round of scientific and technological rev-
olution. The realization of TCM digitization landed in the
following key aspects: (i) tracing back the origins to clari-
fy the digital foundations of TCM; (ii) seeking truth
through practice to explore the digital path of TCM; and
(iii) employing interdisciplinary integration to envision
the prospects of TCM digitization. That is the past,
present, and future of TCM digitization.

2 TCM originated from digits: the theoretical ori-
gin of TCM digitization under Xiangshu (%%, phe-
notype-numerology) thinking

2.1 The relationship between the original Xiangshu
thinking in TCM and the books of Hetu Luoshu ({7 [F%
45 )) with Yijing ({5 4))

Based on the “Research on TCM Original Thinking and
Health State Identification Method System”, a project
supported by the National 973 Program, the authors
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proposed that the original thinking of TCM manifests as a
holistic paradigm with an integrated thinking mode of
Xiangshu thinking, unity of form and spirit, and Qi (&.) as
the primordial essence (Figure 1) . The concept of phe-
notype-numerology in Xiangshu thinking is one of the el-
ements of TCM’s original thinking mode, characterized
by the integration of Xiang (%, phenotypes based on phe-
nomenological observation) with Shu (4%, digits in the
numerological modeling), prioritizing Xiang as the foun-
dation of main focus and Shu as the means of opera-
tional tool, involving inductive and deductive methodolo-
gies . Xiangshu thinking encompasses two dimensions:
Quxiang (JX %, phenotypical reasoning or phenotype-
based thinking), and Yunshu (i 4%, numerological rea-
soning, or numerology-based thinking). As Bing WANG
annotated in the book of Suwen ( { Z ¥ ) , Plain Ques-
tions): “Xiang refers to externally observable and inter-
pretable manifestations” 7). The methodology of Quxiang
originates from the Yijing, where Xiang serves as a cogni-
tive tool to observe, interpret, and analogize natural and
human phenotypes *!. Therefore, Xiang includes the ob-
jective physical phenotypes of externally observed and
examined and the subjective phenotypes of mental im-
ages, perception and understanding. Shu refers to the de-
ductive process of classification and symbolization using
calculation methods and involves the application of
mathematical methods for analogy, symbolic deduction,
and predictive modeling. The book of Yizhuan ( { %1% ) ,
Ten Wings) proposes the tripartite thinking process,
namely (i) Yishu (#5 4%, relying on numbers), quantifying
phenotypes through mathematical metrics; (ii) Jishu (#
#%, exhausting numbers), exploring the changing laws
of numbers and numerical patterns to their limits;
(iii) Nishu (i #, inverse numerology), inferring the fu-
ture by reversing numbers and retrospective analysis for
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Figure 1 The theoretical origin of TCM Xiangshu thinking
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future prediction. This framework of “relying on numbers-
exhausting numbers-reversing numbers” reflects the di-
alectical unity of “Shu as the manifestation of Xiang, and
Xiang as the determinant of Shu”—a proto-mathematical
modeling process foundational to TCM !, which exactly
reflects the process of establishing a mathematical model
with numbers indicating phenotypes and phenotypes de-
termining numbers.

Jiebin ZHANG, a physician in the Ming Dynasty, com-
prehensively expounded on the principle of “the inter-
connection between medicine and Yi (2, changes) shar-
ing common origins” in Attached Supplement of his book
of Leijing Fuyi - Yiyi (( X2 WH . & % ) , the Catego-
rized Classic-Medicine and Yijing ). He pointed out that
“The unity of heaven and man lies in the unity of Yin and
Yang (M '8); the common origin of medicine and the Yi
laid in their mutual embodiment of transformative prin-
ciples of changes” 'l Both TCM and the Yijing derived
theoretical foundations from the book of Hetu Luoshu
(Figure 1). As stated in the Yijing - Xici ({ % % - 2% ) ):
“The River brought forth the Chart, the Luo brought forth
the Writings—the sages modeled after them” '), Original-
ly constructed by ancient Chinese sages to map celestial
patterns (star arrangements), temporal cycles (seasons),
and spatial orientations as astronomical-calendrical dia-
grams, the Hetu Luoshu employed black/white dots to
encode spatiotemporal concepts through digital symbols
and temporal sequences. These were served as the gene-
sis of the principles of Yin-Yang theory, Liangyi (4, two
forms), Sixiang (¥ %, four images), Wuxing (%47, five el-
ements), Bagua (/\ 3}, eight trigrams), Shitiangan (+ X
-F, ten celestial stems), and Shierdizhi (1 =# %, twelve
earthly branches), thus regarded as the “Cosmic Rubik’s
Cube” and evolved into universal models with the uni-
fied law ['Y. Notably, the famous mathematician Luogeng
HUA (4 ¥ ) once speculated that “The Hetu Luoshu
may very likely be the medium of communication be-
tween our earth civilization and another planet” (%,

The Xiangshu principles embedded in the Hetu
Luoshu were further expounded in the book of Yijing
(Figure 1). Xi ZHU (%k & ), the eminent neo-Confucian
scholar in the Southern Song Dynasty, positioned these
diagrams at the forefront of Zhouyi Zhengyi ( & % it
) , The Correct Meaning of Yijing), affirming their sta-
tus as the dual cornerstones of Yijing philosophy. In
Yijing, the Yang and Yin lines on a trigram represent the
binary mathematical structures. Later, from Taiji (X #%,
Tai Chi), Liangyi were generated. From Liangyi, the Si-
xiang were born. From Sixiang, Bagua were derived. Leg-
end attributed Fuxi’s creation of Bagua to his synthesis of
the Hetu Luoshu with Suirenshi’s star-chart calendar sys-
tems, “capturing the affinities of all things” through tri-
grams. The 64 hexagrams evolved from Bagua form a
symbolic system mapping universal interrelationships.
The incorporation of Bianyao (% %, changing lines on a
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trigram) as dynamic parameters exemplifies Yijing’s core
tenet: Xiang and Shu are inseparable—where numerolog-
ical patterns encode phenomenological truths, and vice
versa, reflecting the intrinsic laws governing cosmic and
human phenomena. By further introducing the changing
lines as variable parameters, numbers contain pheno-
types and phenotypes contain numbers, reflecting the
idea of “the unity of phenotype (Xiang) and numerology
(Shu)” in the book of Yijing. Phenotype and numerology
together constitute the internal connections and laws of
all things in the universe.

2.2 Applications of Xiangshu (phenotype-numerology)
thinking in TCM

The Hetu Luoshu numerological framework, a corner-
stone of Yijing studies, has had a profound impact on the
establishment of the TCM theory and Fangji (55 #!) sys-
tem, covering aspects such as the physiological functions
of the human viscera, pathological changes, the relation-
ship between climate and disease onset, and the dosage
compeatibility of clinical Fangji selection through its em-
bedded Xiangshu principles '* !, The core of the TCM’s
visceral manifestation theory is “Zangxiang (7 %-) theo-
ry”, which is to observe the phenotypes of the living body,
infer the internal organs from the phenotypes, and finally
classify according to the phenotypes, to understand the
physiological and pathological laws of the human body
and its relationship with nature, forming the Zangxiang.
At the core of TCM’s Zangxiang theory was Huoti Qu-
xiang (7 4k B %, the living-body phenotypes define the
visceral manifestation). Phenotypes are analyzed to de-
duce visceral functions, linking human physiology/patho-
logy with cosmic-natural rhythms, ultimately forming
Zangxiang. Hetu combines ten numbers with the pheno-
types of the five directions, five phases, and Yin-Yang cor-
respondences. For instance, 1 and 6 for Water-North; 2
and 7 for Fire-South; 3 and 8 for Wood-East; 4 and 9 for
Metal-West; and 5 for Earth-Center, forming the num-
bers of the viscera, which are directly related to the posi-
tioning of the viscera, physiological and pathological con-
ditions, and adaptability of seasonal changes in TCM
Zangxiang theory. The correspondence between the five
visceral organs and the four seasons-five directions in
Suwen - Jinkui Zhenyan Lun ({ ZF - 2R L2 #) )
originated from the Hetu. Lingshu - Jiugong Bafeng ( { &
AR . g AN ) , The Miraculous Pivot: Nine Palaces and
Eight Winds) exemplifies the Luoshu’s clinical applica-
tion, mapping spatial orientations and seasonal winds to
pathogenic patterns, thereby elucidating geographic-
temporal influences on health [,

The Suwen - Shanggu Tianzhen Lun ( { Z % - L+ X
£ 4% ) ) indicated that “Fa Yu Yinyang, He Yu Shushu”
(“ T Mrm, #= T K4, the adherence to the laws of Yin-
Yang and harmony with the numerological techniques) "\,
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The Yin-Yang dialectic reflects the binary philosophy of
looking at the world. Niels Bohr used the Taiji diagram el-
ement in designing his family crest, believing that it could
perfectly explain his complementarity theory, and in-
scribed the motto “Contraria Sunt Complementa” (oppo-
sites are complementary) ¥, German scholar Schon-
berger’s The I Ching & the Genetic Code: The Hidden Key
to Life ' further revealed a striking alignment, which is
the 64 hexagrams can correspond to the 64 genetic
codons, with three stop codons matching the hexagrams
Kui (B, stagnation), Guimei (J2 %, return), and Sun (#,
loss), all of which imply the meaning of halting or termi-
nation. The balance and stability formed by the genera-
tion and restriction relationship of “Yin and Yang” is the
generation and restriction of the Wuxing theory, which
constituted the earliest known network model with syner-
gistic (generative) and antagonistic (restrictive) protocols.
Studies have demonstrated that the equilibrium in the
five-phase network requires synergistic strength (a + b) to
exceed antagonistic strength (c + d), with optimal bal-
ance achieved when (a + b)/(c + d) increases to approxi-
mately 0.618 (an approximation of the square-root gold-
en ratio 1.618), the five-phase network reaches the ex-
pected balance state !,

The concept of Shushu (&R £, numerological tech-
niques) reflects the quantitative research on all things in
the universe, implicitly containing the two-fold digital
structure of Waisuan (4 5 , external arithmetic) and
Neisuan (X £, internal arithmetic). Waisuan refers to the
physical structure, such as the performance of various
measurement and representation, as well as the manifes-
tation of various modern engineering mathematics
across multiple application fields. Neisuan refers to the
numbers of life and other laws, which is the mathemati-
cal content related to the fundamental laws of the uni-
verse and the human body. In terms of Waisuan, the
Lingshu - Maidu ( { 2 4% - #k % ) ) and Lingshu - Chang-
wei ({ 4% - % § ) ) provided the numerical data of
anatomy on visceral organs, meridians, and collaterals. In
terms of Neisuan, the Lingshu - Suilu ( { Z & - % % ) )
states, “Human beings are in harmony with heaven and
earth and synchronize with the sun and moon” !, re-
flecting the correspondence between the numerical
rhythms of human life and natural cosmic cycles in TCM.
For example, the 24 solar terms are a knowledge system
formed by the ancients through observing the annual
motion of the sun and understanding the changes in sea-
sons, climate, and phenology. The onset, development,
and progression of disease may correlate with these natu-
ral periodic rhythms >, The theory of Ziwu Liuzhu (F
i 7%, midnight-midday ebb flow) is a circadian rhythm
theory summarized by the ancients based on the law of
the circulation of Qi and blood in the human body, which
links time factors with biological rhythms. Since the
1980s, the discovery of rhythm-related genes, particularly
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the molecular mechanisms of circadian clocks, has pro-
vided evidence that empirically validated the objectivity
of TCM’s temporal medicine . Modern studies have
confirmed the significant correlations between the inci-
dence and mortality of coronary heart disease and both
the 24 solar terms and the 12 two-hour periods of the
day > %, The Huangdi Neijing ( { % % R 2 ) , Inner
Canon of Huangdi) further integrated the numerology of
life-cycles into its Neisuan framework. For example, the
Lingshu - Tiannian ( { 4% - X % ) , Miraculous Pivot:
Natural Lifespan) outlined the life-aging law with a “ten-
year” cycle, i.e., the decadal aging cycles, while the Suwen -
Shanggu Tianzhen Lun ( { Z ¥ - L& X At ) ) revealed
the sexual-aging law of “women in sevens and men in
eights” as gender-specific sexual maturation rhythms 7,
From the perspective of numerology, according to the Luo-
shu’s nine-palace and eight-trigrams, a young girl corre-
sponds to the Dui (J.), the 7th Palace, and a young boy
corresponds to the Gen (&), the 8th Palace. TCM physi-
cian Rongchuan TANG in the Qing Dynasty stated in his
Yiyi Tongshuo ( { & % i@ 4L ) , the generalized intercon-
nection between medicine and Yijing), “Before the ar-
rival of Tiangui (X %, heavenly tenth, menstruation),
both young boys and girls correspond to the Gen and Dui
hexagrams” . From the astronomical perspective, the
gravitational fluctuations of Jupiter and Venus may exert
periodic influences on human physiology, and the com-
bined action cycle is approximately 7.297 years. Due to
the differences in Yin-Yang and anatomy, women and
men are more closely related to Venus (7-year cycles) and
Jupiter (8-year cycles) respectively *”. From the perspec-
tive of neuro-endocrine-immune (NEI) network, there
are significant differences in the changes of sex hor-
mones and growth hormones in men and women across
different age groups ",

In TCM clinical practice of diagnosis and treatment,
both phenotypic patterns (Xiang) and numerological
principles (Shu) are taken into account and integrated
with a balance of fixed norms with contextual variables.
Therefore, one should know both the constant numbers
and the variable numbers. For instance, while the onset
of diseases follows predictable constant changes of
rhythms governed by Wuyun Liugi (& i& 5~ &, five cir-
cuits and six Qi), diagnosis and treatment must adapt to
the variable numbers that need to be measured accord-
ing to time, place, and individual conditions. Shanghan
Lun ( {4 %3 ) , Treatise on Cold Pathogenic Diseases)
has the phenotypes of “three Yin and three Yang (= /i =
[8)” and the exterior-interior relationship, employed the
phenotypical framework for Zhenghou (i£4%) differentia-
tion. The design of formula, usually a composition of sev-
eral herbs called Fufang (£_7 ), for the treatment of the
corresponding Zhenghou should adhere to hierarchical
ratios of herb numbers such as “one Jun (£ ) and two
Chen (E)” and the dosages, where slight adjustments of



dosage or dosage ratios can drastically alter efficacies.
Xiangshu thinking has become an instinctive thinking
method and cognitive framework for every TCM practi-
tioners during clinical practice, enabling physicians to
harmonize subjective intuition with objective observa-
tion through the dialectical interplay of Xiang and Shu,
achieving “a state of subject-object unity and human-
nature integration” !,

2.3 The historical status, contemporary value, and exist-
ing problems of Xiangshu thinking

In the early formation of TCM theory and thousands of
years of clinical practice, Xiangshu (phenotype-numerol-
ogy) thinking has served as the foundational tool for TCM
to comprehend the physiological structure and functions
of the human body, the laws of disease occurrence and
development, the properties, effects, and the mechanisms
of Fufang and Fangji compositions and applications.
Xiangshu thinking is the intellectual source of vitality that
formed TCM'’s unique system of theory and sustained its
clinical efficacy for thousands of years. It integrates the
essence of traditional culture wisdom, enabling TCM the-
ory to go beyond the scope of clinical medicine and fur-
ther understand the laws of the life cycle, the principles of
nature, and the way of creation. This makes TCM for-
ward-looking and transcendental, and it is still being veri-
fied and validated by modern life science today.

Based on the concept of “the unity of heaven and
man”, TCM has constructed a phenotype-numerology
model that integrates human physiology, pathology, and
the spatiotemporal relationships, including macro-,
meso-, and micro-scales. The macro-scale is the annual
cycles in the scale of years, including the 60-year cycle
law of Jiazi (¥ ¥ ) calendrical rhythm. The meso-scale is
the monthly cycles in the scale of months, encompassing
the rotation of the 4 seasons and the 24 solar terms. The
micro-scale is the diurnal cycles in the scale of days, in-
cluding the Ziwu Liuzhu theory of the 12 two-hour peri-
ods (midnight-midday ebb flow) and the 50-circuit theo-
ry of Qi circulatory rhythm within a day-night cycle. How-
ever, many mysteries remain unsolved and need to be ex-
plored today. For example, does the 60-year cycle law of
Jiazi calendrical rhythm universally and stably exist?
What is the molecular mechanism of the 50-circuit theo-
ry of nutrient Qi and defensive Qi circulatory rhythm in
the nutrient-defense theory? At the same time, the phe-
notype-numerology model of “the unity of heaven and
man” still has many shortcomings, such as being relative-
ly primitive, lacking objectivity, standardization and qual-
ity control, and lacking reliable clinical and experimental
verification. In clinical practice, the application of Xiang-
shu models for diagnosis and treatment relies heavily on
personal perception and intuition of individual TCM
physicians, resulting in limited reproducibility of
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therapeutic effects and curative outcomes, which re-
stricts the overall development of TCM.

In the digital age, a mission imperative for contempo-
rary TCM practitioners and innovators is to leverage big
data and AI technology to inherit and develop TCM
Xiangshu thinking, break the existing pattern of TCM, im-
plement the large-scale phenotype-numerology, i.e., the
“unity of heaven and man” model of TCM, and achieve
the digital transformation of TCM. The TCM digitization
will address its inheritance and developmental bottle-
necks, enhance the interpretability and transparency of
TCM theory and the repeatability of clinical curative ef-
fects, and enable TCM, which originated from pheno-
type-numerology Xiangshu thinking, to stand firm in the
forest of the times and remain a vital and respected disci-
pline in the modern scientific landscape.

3 The current application of digits in TCM: the con-
cept and practice of TCM digitization

3.1 Challenges for TCM in the digital-intelligent era and
the transformation path

The essence of the big data era is to discover new know-
ledge through the exchange, integration, and analysis of
massive data, thus bringing opportunities, drivers, and
engines for the development of various industries ". The
big data era and TCM digitization are mutually reinforc-
ing and complement each other, and are bound to exert
profound impacts on the expression and service capabili-
ties of TCM. This synergy will catalyze novel developmen-
tal trends and unleash significant productive potential. In
recent years, with the booming development of genera-
tive Al large language models, represented by ChatGPT,
which has rapidly evolved from the scientific and techno-
logical forefront to daily life and brought extensive
changes to many industries, triggering transformative
shifts across numerous sectors. These advancements
have propelled productivity in the big data era to new
heights. The application of generative large language
models in TCM research and clinical services has swiftly
emerged as a focal point in the field, with over a hundred
enterprises currently engaged in “Al + TCM” initiatives ),
China’s first integrated TCM large model, Qihuang Wen-
dao (* 3% ] i ), was launched and put into use in
September 2023 I, Numerous research institutions and
technology companies are continuously developing and
optimizing large models of TCM for preliminary diagno-
sis, initial consultation, and health advisory services, un-
derscoring the vigorous momentum and rapid develop-
ment trend of digital intelligence in TCM.

Medical AI has higher requirements for interpretabili-
ty and security due to the particularity of its application
field. An analysis of the current TCM digitization efforts
reveals three persistent problems: the quality of data is
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not high, the data standard is missing, and the data uti-
lization is not enough. These problems have become the
threshold to limit the current high-tech information tech-
nology to intervene in TCM practice. The traditional
Xiangshu thinking of image acquisition and operation
has laid the foundation for TCM digitization. To advance
this paradigm and complete the digital transformation of
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TCM in the new Al era, it is necessary to start with the
digitization and informatization of TCM clinical practice
(Figure 2). The high-quality data link for the entire pro-
cess of disease treatment should be established. The real-
world TCM diagnostic and evidence-based medical data
should be collected and utilized to unlock the value of
TCM datasets.
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Figure 2 The current digital application of TCM: objectification — standardization

Clinical medical records are precious materials to
record the phenotypic manifestation (Xiang) of TCM, and
serve as invaluable resources for TCM inheritance and
clinical research. However, there were two critical issues
in the TCM field. On one hand, many senior TCM Mas-
ters (B & K J7) and renowned veteran TCM physicians,
who are in urgent need of inheritance, have only hand-
written medical records, which makes the efficiency of
collecting, sorting, saving, learning, transmitting, and in-
heriting difficult to meet the requirements of the rapid
development of TCM modernization. On the other hand,
conventional TCM medical records differ significantly
from medical records of modern medicine in structure,
including specialized TCM terminology, a blend of classi-
cal Chinese and modern vernacular, and a lack of con-
sensus-driven TCM terminological frameworks. Existing
medical informatics tools, developed based on modern
medical knowledge, lack corresponding semantic recog-
nition and translation capabilities tailored to TCM theory
and terminology. Thus, it is difficult to use directly in the
informatization and standardization of TCM medical
records, which is also the reason for the suboptimal qual-
ity and underutilization of TCM data. In addition, TCM's
Quxiang often relies on the personal experience of indi-
vidual TCM practitioners and lacks objective qualitative
or quantitative standards. The same or similar descrip-
tions may correspond to different pathophysiological
phenotypes. This further exacerbates the difficulty of

improving and utilizing the quality of TCM data. This
subjectivity also impedes clinical quality control, under-
mines the internal consistency of evidence-based clinical
TCM research, and complicates and restricts the system-
atic sorting and verification of the characteristics and ad-
vantages of various schools of TCM in terms of inheri-
tance. So, if TCM can achieve the objectivity and stan-
dardization of “image acquisition” for TCM diagnostic in-
formation, how to process the collected phenotypic man-
ifestations of TCM digitally remains a critical challenge.
This constitutes the foundation of the TCM big data
knowledge project “From Digits to Intelligence” %,

The author summarizes the transformation pathways
for TCM digitization into five hierarchical levels. First, ob-
jectification, that is, the representation of the number of
images and the objective recording of clinical data, which
constitutes the basis for standardization. Second, stan-
dardization (Figure 2), that is, the application of uni-
formed criteria for clinical phenotypic acquisition and
practice, which is the basis for the informatization of
TCM. Third, informatization (Figure 3), that is, the con-
version of TCM knowledge into a computer-readable and
usable format, which is the premise of the TCM know-
ledge transformation. Fourth, transformation, that is, the
accurate representation of the logic of TCM knowledge
(Figure 4), which is the basis for the intelligence of TCM.
Fifth, intelligenzation (Figure 5), that is, the culmination
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TCM clinical corpus: Q&A corpus of TCM Master's disease diagnosis and treatment
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Figure 3 The current digital application of TCM: informatization (an example of the construction of clinical corpus of
TCM using the Q&A corpus of TCM Master’s disease diagnosis and treatment for informatization)
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Figure 4 The current digital application of TCM: informatization — knowledgeable TCM (an example of corpus trans-
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Intelligent inheritance

Predictive diagnosis and prescription

@0‘\ '?G.,, treatment accuracy of 94%-96%
ey PR it rsronv e o sy et
Diet .
\ Establish a database of Establish quantitative ey
xw TCM Masters' experience ) diagnostic criteria for Zhony M— 18
+ in diagnosis and treatment / TCM obesity Zhenghou Fangli . 3
s Ontology maw & o | :
> % s
<, 3 Dlsesse — 5
% < / o e s wom ow o w x

FIR%EH

Knowledge structure

Construct standardized TCM and
western medicine for obesity
diagnosis and treatment ontology

-

Construct an empirical inference
prediction model for the diagnosis and
treatment of TCM Masters to form an

Ontology web language (OWL) :
standardized ontology description
language under semantic network rules
for disease reasoning and diagnosis

Semantic network rule language (SWRL):
a descriptive language that presents
rules semantically, used for reasoning in
Zheng pattern identification, medication,
and dietotherapy.

inferential ontology

120 medical cases verification
2R 112580

Diagnosisrules  Prescription rules

100.00%

96.67%

95.31%
94.12% 94.43%

i mi mi

Diagnosis and treatment

Figure 5 The current digital application of TCM: knowledge — intelligence

Ontology: for a specific field, terms, concepts, and structured terminology sets for relationships between concepts. Standardized and
comprehensive knowledge representation of diagnosis and treatment experience through ontology construction. Construct an empiri-
cal reasoning prediction model for diagnosis and treatment, and establish an inferential ontology.

of the preceding stages, manifesting as safe, accurate, and
interpretable Al-driven TCM systems. Only through the
gradual completion of the first four levels can we reach
the intelligence level. The safe, accurate, interpretable,
and intelligent TCM systems represent the delivery of
high-quality, universal, and fast TCM service and the ulti-
mate realization of the digital transformation of TCM.

3.2 Digital TCM physicians: digitization research on
TCM constitutions

We have carried out a series of studies on clinical and
basic application of TCM constitution theory along with
the above-mentioned five levels. We have implemented
a series of work in the objectification of “Quxiang (X %),
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phenotypic image acquisition”, the informatization of
“Cunxiang (% %), image storage”, the intelligent inheri-
tance, and the intelligence of application, thereby estab-
lished fundamental electronic systems, informatics tools,
and intelligent models for the transformation of TCM dig-
itization.

Regarding the objectification and standardization of
phenotypic acquisition, we first integrated multiple clas-
sic disease/symptom-specific scales into clinical consul-
tations to quantitatively record the symptoms and disease
severity of patients. For example, easy-to-understand
graphic methods such as Faces Pain Scale-Revised (FPS-
R) ©> %! and Bristol Stool Form Scale (BSFS) 7 are used
to achieve clinical phenotype grading. Internationally
recognized standardized scales, including the Pittsburgh
Sleep Quality Index (PSQI) ! and Generalized Anxiety
Disorder (GAD) Anxiety Scale [, were utilized to achieve
qualitative and quantitative objective collection of dis-
ease data (Figure 6). We independently developed a
high-precision synchronized electrocardiogram-pulse
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constitutions based on big data
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Figure 6 Digitization of TCM constitution: objectification
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Figure 7 Digitization of TCM constitution: informatization
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wave-respiratory wave acquisition device in line with
modern physiological understanding, complemented by
tongue-face image capture equipment (Figure 2). This
system enables objective recording of TCM observational
and palpatory diagnostic phenotypical observations, sub-
stantially improving clinical data quality and laying the
foundations for improving data utilization.

In the standardization and informatization of “Xiang’
storage, our team independently developed a full-chain
information collection system for TCM examination and
diagnosis (Figure 7). The system takes the quality control
of consultation as the first consideration and integrates
multimodal data from the entire process of TCM diagno-
sis and treatment. It features standardized fixed outputs
for routine consultation items with error-prevention
through fixed character types, and incorporates over ten
disease-specific scales. The above self-developed image
acquisition devices were connected in series to form an
integrated process with a workflow encompassed “modu-
larized consultation scale — objective phenotypic (Xiang)

g

Objectification of biological
mechanisms for constitutions
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1

The system communication
interface is connected to the
Data Transmission Service
platform to achieve real-time
acquisition

Informatization of constitution identification is relied on the big data platform of constitutions, which provides efficient and standard-

ized data collection and service.
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acquisition via scales + imaging — synchronized storage
of handwritten/electronic medical records — integration
and storage of multimodal personal clinical data”. This
system solves the problem that the existing electronic
medical record system is difficult to collect and store the
multi-modal “image” of TCM objectively. This also as-
sists TCM physicians to realize the real-time collection
and integration of the whole process and all-round
comprehensive diagnostic information of TCM, and of-
fers both multi-user clinical observation configurations
and independent practitioner modes. The generalization
and application of the full-chain information collection
system for TCM examination and diagnosis have become
an important guarantee for improving the quality and uti-
lization of data.

To computerize the knowledge of TCM, we cut into
the characteristic sets and terminology databases of TCM
constitutions, took the classical texts of TCM constitu-
tions as the original corpus source, and used natural lan-
guage processing technology to capture automatically the
effective description segments (Figure 8). The indepen-
dent characteristics of constitutions were obtained
through automated word segmentation and expert anno-
tation. The computable constitutional knowledge triplets
were formed via semantic analysis. The characteristics
of each of the nine constitutions were generated as a
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visualized form of maps. The synonym/homograph fea-
ture mapping was established and the correlation be-
tween constitutional characteristics identified
through expert annotation and coordinated informatics
modeling. The meta-knowledge of constitutional charac-

was

teristics database was ultimately constructed. Subse-
quently, the internationally recognized Human Pheno-
type Ontology (HPO) !, human disease classification
database Disease Ontology (DO) !, and Gene Ontology
(GO) “? were selected, with constitutional characteristics
as the core hub, respectively, to establish the connection
between TCM constitutional characteristics and modern
medical clinical phenotypes, diseases and genes/mole-
cules/pathways. Finally, a mapping relationship between
TCM constitutional characteristics and modern medical
terminology of clinical phenotypes, diseases, and
gene/molecular/pathway networks was established. This
mapping framework between TCM constitution theory
and modern medical terminologies/knowledge bases
provides standardized knowledge resources and tools for
“constitution-disease correlation” research and clinical
practice, forming the foundation for the intelligence of
TCM based on Yunshu Tuixiang (i& % 4 %, operation of
digits and inference of images) or “phenomenological de-
duction through numerological modeling”.
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Figure 8 Digitization of TCM constitution: informatization + knowledge

TCM Constitution Knowledge Database: informatization of TCM constitutions; connected with the internationally accepted modern
medical terminology and knowledge bases; established informatics foundation for the application of integrated Chinese and western

medicine and international extension of TCM constitutions.

In terms of intelligent applications, our team em-
ployed database technologies, data analytics technology,
Al technology and other means to integrate previous
achievements in constitutional research. A digital TCM
constitution platform for research, healthcare, and edu-
cation was developed through incorporating multidimen-
sional constitutional characteristics including infrared
thermal imaging, constitution identification scales, etc.,
equipped with intelligent retrieval, analysis, recom-
mendation and other application functions (Figure 6).

Building upon this foundation, the “Digital TCM Practi-
tioner” WeChat mini-program was further created. Using
Al algorithms for multimodal feature analysis, it con-
structs human digital twins through mobile phone-based
tongue-face imaging and question-answer information,
generating TCM constitution reports with dynamic moni-
toring capabilities. At the same time, empowered by
enhanced constitution identification algorithms, it pro-
vides online health consultation services, professional
references for constitution-disease relationships, and
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intelligent tools for personalized, proactive health man-
agement based on constitution identification and preven-
tive treatment (Figure 7).

In addition, the inheritance of the academic expertise
from TCM Masters and veteran practitioners is one of the
most urgent tasks in the modernization of TCM, and it is
also one of the best adaptation scenarios for the intelli-
gent “phenomenological deduction through numerologi-
cal modeling”. Based on our previous work, we took the
author’s innovative inheritance of obesity diagnosis and
treatment experience as an example to explore new mod-
els of intelligent inheritance. Specifically, we combined
the diagnosis and treatment videos of the National TCM
Masters with the clinical medical records, supplemented
the text information of the medical records through the
doctor-patient question and answer information, and
established the obesity diagnosis and treatment medical
records information database of the National TCM Mas-
ters (Figure 5). We then conducted qualitative and quan-
titative studies on diagnostic criteria for obesity patterns
to develop quantifiable diagnostic standards reflecting
the National TCM Masters’ clinical reasoning. Subse-
quently, we implemented ontological modeling to
achieve a structured knowledge representation of the Na-
tional TCM Masters’ obesity management experience,
while incorporating multiple modern medical guidelines
and standards. Together with the experience of the Na-
tional TCM Masters, we constructed the knowledge stor-
age and querying in the integrated ontological frame-
work for obesity diagnosis and treatment. Based on this
ontology, we further utilized the semantic web rule lan-
guages to construct the inference rules for constitutional
differentiation, disease identification, Zhenghou pattern
differentiation, and treatment formulation, establishing a
reasoning-prediction model for obesity management de-
cisions. Through the example verification of the clinical
medical records of the National TCM Masters, it is proven
that the ontology represents the accuracy of the National
TCM Masters’ obesity diagnosis and treatment experi-
ence. Additionally, the personal characteristics of the Na-
tional TCM Masters’ diagnosis and treatment experience
are proven by the way of ontology, so as to realize the in-
heritance of the National TCM Masters’ obesity diagnosis
and treatment experience from knowledge representa-
tion to knowledge reasoning. At the same time, it provid-
ed practical tools for the inheritance of academic experi-
ence and medical education.

4 The future of TCM towards digitization: digitiza-
tion promoting the transformation and upgrading
of TCM

4.1 Application scenarios facing the digitization of TCM
The digital technologies in the era of big data and in-

formatization have brought great opportunities for the
inheritance and innovation of TCM, created a new track
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for the digitization of TCM, and fostered an emerging
ecosystem for digitized TCM. The next objective of TCM
digitization lies in creating new quality productive forces.
To carry out multidisciplinary cross-integration com-
bined with large model technology, strengthen digital
empowerment, obtain clinical decision-making support-
ed by big data, and promote the digital transformation of
TCM are the focus points of digital TCM development.
The crucial approaches to promote the development of
clinical modernization of TCM and the integration of
TCM and western medicine include (i) maximizing the
value of digital, informational, and intelligent technolo-
gies; (ii) leveraging health care big data resources to
efficiently obtain evidence-based real-world data of the
TCM efficacy; (iii) combining highly shareable and com-
putable knowledge with powerful iterative algorithms to
achieve multidimensional knowledge integration and
multi-modal data analysis for complex TCM medical rea-
soning; (iv) deciphering the idea of the holistic view of
TCM; (v) obtaining evidence for the pathophysiological
mechanisms of the superior diagnosis and treatment
links of TCM; and (vi) promoting the integration of TCM
and western medicine (Figure 9). The State Council’s No-
tice on Implementation Plan for Major Projects of Tradi-
tional Chinese Medicine Revitalization and Develop-
ment (Guobanfa [2023] No. 3) emphasized several key
initiatives, including “constructing national key laborato-
ries for the interdisciplinary integration of TCM-related
disciplines” “establishing an AI technology application
platform for ancient TCM books and a TCM knowledge
service system” “developing digital auxiliary diagnostic
equipment of TCM, intelligent equipment for TCM char-
acteristic therapy, and modern equipment for TCM treat-
ment of pre-disease” and “developing TCM quality intel-
ligent identification and control engineering technology
and equipment research” [l The focus of the future digi-
tal development and application of TCM includes but is
not limited to the six aspects of platform construction,
knowledge inheritance, ancient book utilization, service
innovation, equipment development, and industrial
transformation.

First, in terms of platforms, it is necessary to strength-
en the construction of digital infrastructure and plat-
forms, build national key laboratories for the interdisci-
plinary integration of TCM-related disciplines and
consolidate the basic platforms for TCM digitization. To
carry out cutting-edge research on basic science in TCM
modernization, the Ministry of Education and the Na-
tional Administration of Traditional Chinese Medicine
have established several national key laboratories in re-
cent years. These include the State Key Laboratory of Nat-
ural and Biomimetic Drugs at Peking University, the State
Key Laboratory of Pharmaceutical Biotechnology at Nan-
jing University, and the State Key Laboratory of Natural
Medicine Active Substances and Pharmacodynamics at
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The current clinical diagnosis and treatment dilemma
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Figure 9 The future of TCM going towards digitization: what should big Chinese medicine practitioners do?

A, it is urgent to obtain evidence of the pathophysiological mechanism of the superior diagnosis and treatment of TCM to promote the
integration of TCM and western medicine. B, it is urgent to enhance the ability to decipher the holistic view of TCM.

China Pharmaceutical University. The General Office of
the Hubei Provincial People’s Government has estab-
lished the Hubei Laboratory of Traditional Chinese
Medicine (Shizhen Laboratory) through the implementa-
tion of the major project of the revitalization and devel-
opment of TCM, and brought together the advantageous
platforms and disciplines in the field of TCM to develop
the life and health industry. Future efforts should lever-
age these established platforms to promote interdisci-
plinary integration and drive transformative innovation
in TCM research paradigms.

Second, in terms of knowledge inheritance, it is nec-
essary to intensify efforts to develop digital technologies
that facilitate the preservation and transmission of
renowned veteran TCM practitioners’ academic thoughts
and clinical experience. The 12th Five-Year National Sci-
ence and Technology Support Program “Clinical Experi-
ence and Academic Thought Inheritance Research of Vet-
eran TCM Practitioners” project established China’s first
open-access national service platform for famous veter-
an TCM experts open to the society. This platform inte-
grated research achievements from previous national
projects of the 10th and 11th “Five-Year Plan”, brings to-
gether the research results of famous TCM physicians’ in-
heritance, and has built five premium databases, includ-
ing typical classic medical case repository, effective pre-
scription libraries, diagnosis and treatment technology li-
braries, health care libraries, and expert development
pathway archive road to success libraries. This platform
provides services for experience inquiry, learning, and so-
cial services of famous TCM physicians. Future initiatives
should focus on enhancing inheritance efficiency
through multidisciplinary technologies while maintain-
ing an emphasis on core traditional knowledge.

Third, in terms of ancient book utilization, it is neces-
sary to establish an Al-powered application platform and
a TCM knowledge service system for ancient TCM books,
promote the digital mining of ancient TCM books, and

create digital service application products for ancient
TCM books. The current TCM digital intelligence plat-
forms such as “CloudPhar (£ -} =, https://www.taslyp-
harma.com/kygx.jhtml)” and “Ancient & Modern Medi-
cal Case Cloud Platform (¥4~ & £ = -F &, http://yiankb.
com)” all utilize multidisciplinary information mining
technology to explore mechanisms of herbal medicine
and Zhenghou patterns based on classical ancient books.
In addition, the recently born “Qihuang Wendao (*% 3 I
i#)” “Shennong TCM Big Model (% /& & 25 X #£ A )”
“Zhongjing TCM Big Language Model (fF % ¥+ & X & &
A A)” “Huangdi Model (3% 7 £ A )” “Materia Medica
Model (A& ¥ #£ % )” and other TCM big models use their
enhanced knowledge comprehension capabilities to pro-
vide the TCM industry with new options for multi-sce-
nario intelligent services. In the future, as a representa-
tive of the reform of TCM, the big model of TCM will con-
tinue to facilitate the understanding application of TCM
knowledge and to empower the inheritance of TCM.

Fourth, in terms of service innovation, it is necessary
to explore novel models of TCM data circulation in ser-
vice innovation to achieve the digital reengineering of
TCM service processes and innovate new formats of TCM
services and healthcare delivery. The “Digital TCM Prac-
titioner” system, jointly developed by our research team
and Tianjin University in April 2024, implements mobile
phone-based remote consultation, intelligent analysis,
report issuance, and online consultation through the “In-
ternet + TCM” model. This innovation enables digital cir-
culation and restructuring of TCM data, realizing inte-
grated online-offline diagnosis and treatment models,
while unleashing data value. In the future, we should fur-
ther use information technology to connect the data sys-
tems of hospitals, communities, and households, to give
full play to the TCM’s preventive and therapeutic advan-
tages, and to construct novel integrated healthcare
ecosystems.
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Fifth, in terms of equipment development, it is neces-
sary to develop digital auxiliary diagnostic equipment of
TCM, intelligent equipment for characteristic TCM thera-
pies, and modern TCM preventive healthcare instru-
ments. The first domestic digital TCM robot “SY-2 Re-
search-Type Digital TCM Meridian Treatment Robot” has
obtained the first “Innovative Medical Device” registra-
tion certificate in TCM treatment. Relying on the basic
theory of TCM, the robot integrates flexible robotics, hu-
man body three-dimensional (3D) visual tracking, deep
learning, and force perception technology to achieve Al +
traditional acupoint manipulation therapy. Future intelli-
gent TCM equipment should enable comprehensive
smart management of disease diagnosis, monitoring, and
regulatory conditioning through full-process closed-loop
services, bringing digital “family physicians” into com-
munities and households. The early domestic develop-
ment of TCM physician robots holds the potential to
break down the foreign monopolies and significantly
contribute to TCM revitalization.

Sixth, in terms of industrial transformation, TCM digi-
tization should promote the transformation and upgrad-
ing of the TCM industry through integrated digital analy-
sis of disease-Zhenghou pattern-Fangji-herb relation-
ships, creating new paradigms of digital Fangji and intel-
ligent herbal medicine. This involves research on engi-
neering technology and equipment for intelligent identi-
fication and control of herbal materials quality, including
intelligent processing control for decoction pieces, digital
core manufacturing processes for Chinese patent
medicines, and quality assurance systems for herbal pro-
duction. The “TCM Inheritance Assisting System Soft-
ware (TCMISS)” jointly developed by the Institute of Tra-
ditional Chinese Medicine of the China Academy of Chi-
nese Medical Sciences and the Institute of Automation of
the Chinese Academy of Sciences uses Al, data mining,
network science, etc. to analyze diseases and related TCM
prescriptions, to obtain common symptoms, Zhenghou
patterns, core drug combinations, and new Fangji pre-
scriptions. At present, there are still serious problems in
the quality of Chinese herbal medicines and decoction
pieces, such as adulteration, dyeing and weight gain,
non-standard improper processing, excessive heavy met-
al/pesticide residues, etc., and it is urgent to introduce
modern intelligent identification and monitoring tech-
nology to ensure the production of TCM medicinal herbs
and the preparation of decoction pieces, thus to enhance
production standardization of TCM and boost the indus-
trialization of TCM.

4.2 Future prospects of digitization of TCM constitutions

As previously discussed, TCM constitution has completed
a series of works in the objectification, standardization,
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informatization, knowledge, and intellectualization of
clinical and scientific research. In the future, studies of
TCM constitution will further build a big data platform
system of TCM constitution with a clear structure, full-di-
mensional coverage, and sustainable operation, includ-
ing the National TCM Constitution-Based Preventive
Healthcare Network Platform, big data application ana-
lytics platform, monitoring and early warning platform,
and multi-level and multi-dimensional management
platform (Figure 10). Our key initiatives will focus on de-
veloping constitutional identification models and
panoramic mapping for Chinese populations, and estab-
lishing Al models for the nine constitutions. We will cre-
ate a nine-constitution-guided analytical framework to
conduct an in-depth investigation of latent correlations
among different constitutions using multi-feature fusion
analysis and implicit relationship mining technologies.
We will integrate the multidimensional information and
imaging data of individual characteristics of constitu-
tions to generate comprehensive and multi-angle health
portraits and profiles, and ultimately form a constitution-
al panorama. Based on the theory of TCM constitution,
the characteristics of nine constitutions are studied and
digitized, and intelligent algorithms are used to accurate-
ly interpret individual constitutions. An intelligent decod-
ing system will be built to enable users to easily under-
stand their constitution types and provide guidance for
personalized health management. Individual users may
gain a deep understanding of their constitution and es-
tablish a personalized “Chinese constitution panorama’
for practical application through an interactive interface.

g
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Figure 10 The future of TCM going towards digitization:
the digitalized intelligence of TCM constitution

The breakthroughs in key technologies for digitiza-
tion and intelligent decoding of TCM constitutions will
facilitate the creation of a “Chinese Constitutional
Panoramic Map” tailored to the genetic heritage and con-
stitutional characteristics of Chinese populations. These
innovations will pioneer new paradigms for national ac-
tive health management and disease prevention and
treatment, open up a new world of intelligent computing-
empowered TCM modernization, and contribute Chi-
nese wisdom and solutions to the Healthy China Initia-
tives.
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4.3 Inclusive acceptance of diversity in scientific research
paradigms

There exists inherent diversity in scientific research, and
choosing a research model suitable for TCM will be more
conducive to the innovation of TCM (Figure 11). The clas-
sical medical research model derives experience through
research on literatures and summarization of clinical
medical records, while the modern medical research
model forms a physical route from experience or empiri-
cal observations to physical explanations, forming the so-
called “physical route”. The first abstraction of TCM was
rooted in Yijing, which abstracted the relationship be-
tween natural images/phenomena (Xiang) and human
health as Yin and Yang (/M 8 ), Wuxing (£ 47 ), Wuyun
Liuqi (& 12 5% &), etc. In addition to the classical route
and the physical route, it is also possible for TCM to de-
velop its unique route by introducing multidisciplinary
integration, that is, a leap from experience to digital. The
second revolution of TCM has arrived, that is, the change
based on multi-disciplinary intersections. By linking TCM
to mathematics through the abstraction of mathematical
models, we can rise directly from experience to digits,
seeking purely rational proofs from mathematics abstract
modeling, empirical knowledge ascends directly to digi-
tal expression, seeking rational verification through
mathematical frameworks. At present, TCM is undergo-
ing the second abstraction. With the help of mathematics
and Al, it is standardized and modeled to form laws and
theorems and discover the constants of TCM Y, The in-
novation of TCM needs to take TCM as the cornerstone,
and extensively intersect and integrate TCM with mathe-
matics, computer science, biology, and complexity sci-
ence research to produce large-scale innovation. But, it is
also necessary to strictly grasp the scale of integration and
balance, understand the ambiguity and intuitive thinking
in the theory of TCM, and “transformation is not trans-
gene”. TCM innovation also requires maintaining its the-
oretical essence.

Traditional Chinese Medicine Research Route
+ Model abstraction,
digital structure

Traditi Chinese icine: from experience to
(mathematical models)
== = == = =p Physical route

«+ Animal experiments,
. physicainterpretation

Medical research model: from experience to physicalf

interpretation (physical models)

P == = == = == = PClassic route

+ Literature research,
medicabummary

Figure 11 Future of TCM going towards digitization:
TCM research models

TCM links to mathematics through the abstraction of mathe-
matical models, we can rise directly from experience to num-
bers, seeking purely rational proofs from mathematics.

Multidisciplinary cross-fertilization will undoubtedly
bring new opportunities to the field of TCM. In the pro-
cess of TCM digitization, maintaining the essence and
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laws of TCM principles remains paramount. Big data and
big models have huge advantages, but they cannot yet ex-
plain the ambiguity and uncertainty contained in TCM.
Data are the primary information directly presented to
people, and mastering enough necessary data is a neces-
sary prerequisite for drawing scientific conclusions, but
the role of intuition and experience in judgment cannot
be ignored. Therefore, in the transformation of TCM digi-
tization, it is also necessary to handle the six philosophi-
cal relationships of “data and judgment” “measurable
and unmeasurable” “precision and chaos” “necessity and
accident” “correlation and causality” and “complexity
and linearity”.

Data support is helpful for judgment, but judgment
cannot rely solely on data. For example, TCM physique
can be identified by objective criteria and data of scales,
but it is equally accurate to identify physique by relying
on clinical experience, and may contain other effective
criteria for individual precision and characterization. An-
other example is the famous “Simpson’s paradox” in
statistics. The same data may lead to contradictory con-
clusions when answering the same question under differ-
ent processing conditions. In other words, if the data
lacks thinking and judgment about its substantive mean-
ing, it cannot produce value that is truly in line with ob-
jective reality. This is the importance of “judgment”
based on empirical and theoretical thinking to scientific
interpretation. “Data” and “judgment” are not complete-
ly opposed, nor can they be separated.

Science is constantly evolving, so there are many “un-
measurable” things in scientific research. The “measur-
able” and “unmeasurable” in scientific research have al-
ways been in dynamic change. While measurable data
constitutes essential productive elements in the big data
era, technological advances progressively transform un-
measurable phenomena into measurable “states”. The
concept of “state” encompasses systematic, observable,
and identifiable conditions, trends, situations, and char-
acteristics that manifest through informational expres-
sions, with diverse descriptions of state variables. It has
become a consensus to use the scientific model of com-
plex systems to study, and it has become an inevitable
trend to characterize health with the concept of “state” in
systems science. From this, we propose the concept of
“health state”, that is, the comprehensive state of the hu-
man body’s morphological structure, physiological state,
and ability to adapt to the external environment within a
certain period !’ A health state can reflect the state and
posture of health. TCM health status identification meth-
ods are usually based on four dimensions, i.e., physiolog-
ical, genetic, psychological, and adaptability dimensions.
It incorporates 12 measurable assessment methods of
TCM constitutional scale assessment, immunogenetic
profiling, psychological characteristic assessment, health
status scale assessment, macroscopic characteristics

” u



Qi WANG / Digital Chinese Medicine 8 (2025) 4-19

assessment, sleep physiological assessment, biochemical
index assessment, metabolomic characteristics assess-
ment, mRNA expression profile characteristics assess-
ment, core solo polymorphism assessment, and protein
expression characteristics assessment. Health-related
quality of life measurement, health state scale evaluation,
macroscopic feature analysis, sleep physiology monitor-
ing, biochemical index testing, metabolomic profiling,
mRNA expression mapping, single nucleotide polymor-
phism analysis, and protein expression characterization.
While these measurable parameters exist, immeasurable
aspects persist in scientific inquiry, as exemplified by
Heisenberg’s “Uncertainty Principle”. The Suwen - Yinyang
Lihe Lun ( { & 1.1 Fa & & ) , clutch theory of Yin and
Yang) also mentioned that “the number of Yin and Yang
people can be ten, inferred can be hundreds, and the
number can be thousands, inferred can be tens of thou-
sands, and the number of tens of thousands is innumer-
able, but it needs to be one” ['"). So the unpredictable part
is also worthy of attention, showing the importance of ac-
knowledging unmeasurable dimensions.

The dichotomy of “precision and chaos” is also a pair
of opposing relationships that cannot be ignored. Scien-
tific research requires accurate data to provide support to
draw scientific conclusions. If persuasive evidence can-
not be provided, it cannot be recognized by the academic
community and improve credibility. However, we need to
accept and respect the unknown and unfathomable truth
of science, which is the “chaotic land” of scientific re-
search, and exists at the same time as the “precision” of
science. Chapter 21 of the Daodejing ( {i&4%% ) , or Tao
Te Ching) highlights the coexistence and interweaving of
chaos and precision: “The Dao, is vague and elusive. Elu-
sive and vague, within it there is form. Vague and elusive,
within it there is substance. Deep and obscure, within it
there is essence. This essence is supremely real; within it
lies trustworthiness” . Meanwhile, Zhuangzi - Ying Di-
wang ( { E-F - 7 £ ) ) presents the famous creation
allegory of the death of Hundun (% #, chaos). The two
Emperors of the South Sea and the North Sea, Shu and
Hu, wished to repay the virtue of Hundun, the ruler of the
center. They observed, “All beings have seven orifices for
seeing, hearing, eating, and breathing, yet he alone has
none. Let us try carving them for him” ). They bored one
hole each day, and on the seventh day, Hundun perished.
This parable powerfully underscores the necessity to re-
spect chaos rather than pursue excessive precision. In-
spired by the phenomenon of chaos, Hideki Yukawa, a
laureate of the Nobel Prize in Physics in 1949, proposed
the “meson theory” of the nuclear force in 1935 [**],

“Necessity and contingency” describe the frequency
of phenomena, and necessity reflects objective regularity.
Scientific research reveals the trend of things from the ap-
pearance of disorder. Therefore, necessity is undeniable,
but we should not ignore individual cases. The book
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Happy Accidents: Serendipity in Modern Medical Break-
throughs ) introduces the accidental discoveries in
medicine since the 20th century, including antibiotics, X-
rays, antidepressants, chemotherapy drugs, Helicobacter
pylori, cervical smear tests, genes, stem cells, etc.
Through interviews with laureates of the Nobel Prize in
Medicine and winners of other prestigious awards, the
book illustrates how these serendipitous discoveries have
promoted the progress of science. The accidental discov-
ery Chengjiang biota (7% /T £ 4 #f) at Maotianshan (1§ X
1) provides a complete display of the early Cambrian
marine communities and ecosystems, provides precious
evidence for the study of the origin, evolution, ecology,
and other theories of life in the early earth for 53.70 mil-
lion years. This serendipitous discovery ignited a great
starting point for the exploration of life. The “case study
method” in medicine is the whole process of continuous-
ly investigating an individual, a group, or an organization
over a long period of time to study the development and
changes of its behavior, so as to obtain definitive evi-
dence. Therefore, we value necessity, but we do not rule
out that accidental results can be generalized to general
situations and applied in subsequent practice.

In medical research, it is usually necessary to answer
the question of “association and causation”. Association
solves the question of “what”, and “cause and effect” an-
swers the question of “why”. TCM uses the five elements
of “metal, wood, water, fire, and earth” in the human
body’s “lungs, liver, kidneys, heart, and spleen” to de-
scribe the relationship between human organs. After
solving the problem of “what”, scientific research will pay
more attention to the question of “why”. Fishbone analy-
sis is an analysis method to find the “root cause” of the
problem. Through the path analysis of fishbone shape,
the relationship between each sub-cause is displayed.

Things are full of various “complex and linear” rela-
tionships. Linear relationships easily reflect the relation-
ships between things and are easier to explain. However,
in actual research, there are more nonlinear and com-
plex relationships between things. In clinical practice,
various interactive variables and invisible confounding
factors will affect the occurrence and development of dis-
eases. These complex relationships also make clinical di-
agnosis more challenging. TCM research cannot be sepa-
rated from these six fundamental scientific questions.
Only by grasping the above scientific research questions
can TCM move forward during the digital transformation.

5 Conclusion

Data can be labeled, recorded, stored, and linked to the
world, and information about all human activities can be
expressed in the form of data. The new round of scientific
and technological revolution and industrial revolution
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together constitute digitization, networking, and intelli-
gent development, involving new energy, new manufac-
turing, new industries, new products, new production
factors, new infrastructure buildings, new enterprise or-
ganization methods, new business operation models, and
new consumption experiences. In this context, the trans-
formation of TCM from digits to digitization will enhance
the service capabilities of TCM, create an innovative digi-
tal intelligent TCM service platform, and provide native
wisdom and adaptive solutions for Healthy China Initia-
tive. By harnessing modern information and intelligent
technologies, TCM can seize emerging developmental
opportunities, pioneer interdisciplinary integration
across medicine, mathematics, and engineering disci-
plines, establish rapid innovation systems for TCM
knowledge and wisdom and chart a high-quality develop-
ment path that respects TCM’s unique characteristics.
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