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Abstract
Spinal degenerative diseases are currently among the most common conditions
in orthopedic clinical practice and represent a major advantageous disease cat-
egory in traditional Chinese medicine (TCM) orthopedics. TCM manipulation
constitutes a frequently employed therapeutic modality in TCM orthopedics for
such conditions; however, research on the therapeutic mechanisms of TCM ma-
nipulation remains inadequately profound at present, thereby impeding the mod-
ernization process and international promotion of manipulation research. The
medicine-engineering combination represents a novel research approach that has
emerged in recent years from the integration of relevant scientific and techno-
logical advances with the modernization demands of TCM, which facilitates the
modernization of research on the therapeutic mechanisms of TCM manipulation
and promotes its internationalization. This article will examine the current ap-
plication status of modern engineering technologies—including mechanical engi-
neering technology, software engineering technology, neural engineering technol-
ogy, and artificial intelligence technology—in TCM manipulation research, and
will review recent modernization studies on the therapeutic mechanisms of TCM
manipulation under the “medicine-engineering combination” research paradigm,
thereby providing references for subsequent investigations into the therapeutic
mechanisms of manipulation in treating spinal degenerative diseases.

Full Text
Preamble
Research Ideas on the Efficacy Mechanism and Prospects of Tradi-
tional Chinese Manipulative Therapy for Spinal Degenerative Dis-
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Abstract

Spinal degenerative diseases represent one of the most common clinical con-
ditions in orthopedic traumatology and constitute a major therapeutic focus
of traditional Chinese orthopedics. Traditional Chinese manipulative therapy
serves as a primary treatment modality for these conditions within Chinese
medicine. However, current research on the efficacy mechanisms of traditional
Chinese manipulative therapy remains insufficiently deep, hindering the modern-
ization and internationalization of manipulative therapy research. The medicine-
engineering integration research paradigm, emerging from the convergence of
scientific and technological advances with the modernization demands of tra-
ditional Chinese medicine, offers a novel approach to modernizing research on
manipulative therapy mechanisms and promoting its global dissemination. This
review examines the application status of modern engineering technologies—
including mechanical engineering, software engineering, neural engineering, and
artificial intelligence—in traditional Chinese manipulative therapy research. We
systematically organize recent modernization studies on manipulative therapy
efficacy mechanisms under the “medicine-engineering integration” model to pro-
vide reference frameworks for future mechanistic investigations of manipulative
therapy in treating spinal degenerative diseases.

Keywords: Spinal diseases; Musculoskeletal manipulations; Chinese manipu-
lative therapy; Spinal degenerative disease; Medicine-engineering integration;
Modernization of traditional Chinese medicine; Review

1 Literature Search Strategy
This study systematically searched relevant literature published between Jan-
uary 1, 2017, and February 1, 2023 across major Chinese databases (CNKI,
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CBM, Wanfang, VIP) and English databases (PubMed, Web of Science, Em-
base), supplemented with select seminal early publications and key articles
defining the discipline. Chinese search terms included Chinese manipulative
therapy, Tuina, medicine-engineering integration, robot, central nervous sys-
tem, biomechanics, and artificial intelligence. English search terms included
“Traditional Chinese Medical Manipulation,” “Manipulation,” “Spinal Manipu-
lation,” “Massage,” “Manual Therapy,” “Mobilization,” “Medical engineering,”
“Robot,” “Neuroengineering,” “Software,” “Neural Engineering,” and “Artificial
intelligence.”

Using PubMed as an example, our search strategy was: (“Traditional Chinese
Medical Manipulation”[Title/Abstract] OR “Manipulation”[Title/Abstract]
OR “Spinal Manipulation”[Title/Abstract] OR “Massage”[Title/Abstract] OR
“Manual Therapy”[Title/Abstract] OR “Mobilization”[Title/Abstract]) AND
(“Medical engineering”[Title/Abstract] OR “Robot”[Title/Abstract] OR “Neu-
roengineering”[Title/Abstract] OR “Software”[Title/Abstract] OR “Neural
Engineering”[Title/Abstract] OR “Artificial intelligence”[Title/Abstract]).

Following retrieval, literature screening was conducted based on inclusion and
exclusion criteria. Inclusion criteria were: (1) Studies using manual therapy or
manual therapy simulation devices as interventions, investigating mechanisms of
manipulative therapy for spinal degenerative diseases (including cervical spondy-
losis, lumbar disc herniation, spondylolisthesis, spinal stenosis, etc.); (2) Studies
with reliable arguments and evidence closely related to the topic. Exclusion cri-
teria were: (1) Studies with low relevance to the topic; (2) Studies with poor
logical rigor or low credibility. A total of 54 relevant articles were ultimately
included.

2 Applications of Mechanical Engineering Technology
Mechanical engineering technology has been widely applied in medical research,
particularly evident in traditional Chinese manipulative therapy studies. Nu-
merous researchers have explored the clinical application of relevant technical
devices. For instance, to address the fatigue and efficacy decline resulting from
prolonged manipulative operations by Tuina practitioners, several investigators
have developed and explored massage robotic arms and robots [11-13]. To stan-
dardize the teaching inheritance of traditional Chinese manipulative techniques,
teaching robots and accompanying assessment systems have been developed, us-
ing mechanical curves and parameters collected by robots to evaluate the relia-
bility of trainees’ rotational-thrust manipulation operations, successfully achiev-
ing standardization and digitization of rotational-thrust technique teaching and
assessment [14-15].

Furthermore, the application of relevant technical devices in mechanistic studies
of manipulative therapy efficacy has become a recent research hotspot, primar-
ily for simulating manual interventions in animal experiments. The greatest
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advantage of animal-based manipulative research is the ability to obtain post-
intervention tissue specimens to investigate the effects of manipulation on the
cervical tissue microenvironment and central nervous system. However, a ma-
jor bottleneck in this research approach is how to reasonably simulate manual
operations on experimental animal models [16]. Developing manipulative sim-
ulation robots, robotic arms, or force-measuring gloves based on analysis of
the mechanical characteristics of traditional Chinese manipulative operations
and the histological features of animal cervical tissues can ensure intervention
consistency while maximizing the simulation of manipulative operational char-
acteristics, representing a solution to current bottlenecks in mechanistic studies
of traditional Chinese manipulative therapy (animal experiments).

Lin et al. [17] used a Grip system wireless tactile force-measuring finger cot to
perform quantitative point-pressure stimulation on rat acupoints to simulate
the point-pressing and pressing techniques in Tuina. Combined with a rat sciat-
ica model, they verified through a series of animal experiments the correlation
between P2X3 protein and pain signal transmission and peripheral sensitization
enhancement in chronic compressed dorsal root ganglion models. They further
demonstrated that point-pressing and pressing techniques simulated by this de-
vice could reverse the elevated P2X3 protein levels and decreased Piezo1 protein
levels in dorsal root ganglia caused by neuropathic pain, providing evidence for
the peripheral analgesic effects of Tuina in treating nerve root compression [17-
19]. The same team conducted in-depth studies on the mechanisms of Tuina
in treating nerve root compression diseases, confirming central and peripheral
analgesic mechanisms through multiple dimensions including inhibition of spinal
astrocyte proliferation and alleviation of peripheral soft tissue inflammatory mi-
croenvironment infiltration [20-21].

Harvard University’s Seo et al. [22] developed a manipulative simulation device
centered on electromagnetic actuators and force sensor components for studying
skeletal muscle injury. The device fixed mouse position through a silicone port
on the lower arm, unified mechanical stimulation through force sensors, and
could be equipped with high-frequency ultrasound sensors for real-time imaging
of mouse back muscles to analyze immediate effects on muscle tissue. Using
this robot as an intervention, the team verified that cyclic compressive loading
within a specific force range significantly promoted mouse skeletal muscle repair,
suggesting the potential regulatory effects of manipulative therapy on muscle
repair function.

Zhou et al. [23] developed a Tuina manipulative simulation instrument con-
taining a power system and index control system, capable of performing five
traditional Tuina techniques (pointing, vibrating, patting, kneading, and pluck-
ing) on experimental animal models. Based on this device, they conducted a
series of animal experiments to deeply analyze the mechanisms of these Chinese
manipulative techniques in alleviating sciatica [24-25] and reducing fever [26-27].

All these studies achieved simulation of traditional Chinese Tuina interventions
in animal experiments through manipulative simulation devices, enabling in-
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depth exploration of intervention mechanisms and mining of potential effects
at the molecular level. However, current devices primarily focus on simulating
relaxation techniques, while effective simulation methods for thrusting/impulse
techniques—more commonly used in orthopedic clinical practice—remain lack-
ing. How to simulate thrusting techniques and deeply explore their effect mech-
anisms remains a current bottleneck in manipulative intervention research.

3 Applications of Software Engineering Technology
Beyond device-based implementation, the mechanical effects of Tuina can also
be achieved through deconstruction using biomechanical analysis equipment and
software reproduction. Advances in biomechanical software technology have
enabled digital analysis of traditional Chinese manipulative techniques, solving
the bottleneck problem of simulating thrusting techniques that are difficult to
replicate through instruments. This approach also facilitates digital and visual
analysis of manipulative effects and mechanical characteristics, becoming one
of the primary methods for studying the biomechanical effect mechanisms of
manipulative therapy in recent years.

Three-dimensional finite element analysis technology discretizes a continuous ob-
ject into a model composed of finite units, replacing the original object. Based
on the geometric and material properties of the original object and its force con-
ditions, different unit types are employed, with units connected by nodes. Us-
ing energy principles and displacement method approaches, numerical methods
expressed through matrix algebra [28] constitute the main approach in biome-
chanical research, offering advantages of lower cost and risk compared to in vivo
studies. Representative mechanical analysis software includes MIMICS (Materi-
alise, Belgium), Geomagic Studio (Geomagic, USA), and Solidworks and Abaqus
(Dassault Systemes, France). These software programs create three-dimensional
models from density differences in imaging data through “Mask” functions and
multi-layer connections, enabling digitalization of anatomical structures by as-
signing material properties such as Young’s Modulus, Elastic Modulus, and
Poisson’s ratio, and simulating manipulative effects through mechanical load-
ing.

For example, Xue et al. [29] constructed a full cervical segment finite element
model including the spinal cord and applied cervical rotational manipulation
mechanical data to verify that Feng Tianyou’s cervical rotational reduction tech-
nique [30] posed low risk of spinal cord injury, clarifying the mechanical charac-
teristics of this technique’s action on various cervical components. Subsequent
studies using this method further confirmed that using cervical rotational manip-
ulation on patients with ossification of the posterior longitudinal ligament carries
certain spinal cord injury risks [31]. Cao et al. [32] constructed a C3-C7 segment
finite element model to verify the biomechanical effects of three-dimensional bal-
anced manipulation in treating cervical spondylotic radiculopathy, confirming
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its efficacy and safety. Numerous similar studies [33-35] have used this method
to clarify the biomechanical effects of different types of thrusting techniques.

However, this method has technical limitations: most studies assign material
properties for cervical tissue structures based on literature reports, where rel-
evant indicators are primarily derived from cadaveric specimens. Significant
differences exist between living tissues and cadaveric specimens in muscle, fas-
cia, and other structural components, which may affect simulation accuracy to
some extent.

Virtual reality interactive technology [36] is an advanced human-computer in-
teraction technology that comprehensively applies various technologies to cre-
ate realistic artificial simulation environments and effectively simulate human
perceptual system behaviors in natural environments. Combined with motion
capture systems, three-dimensional image reconstruction systems, and dynamic
simulation systems, this technology can dynamically restore the movement tra-
jectories of various structures during manipulative operations. Liu et al. [37]
used virtual reality interactive technology to dynamically restore the morpho-
logical and area changes of cervical intervertebral foramina during rotational-
thrust manipulation, demonstrating that increasing lower cervical intervertebral
foramen area may help release adhesions around the foramen and relieve nerve
root irritation symptoms, and proved that 150 N is the most appropriate pulling
force for rotational-thrust manipulation. This technology’s main advantage lies
in achieving dynamic restoration of relevant anatomical structures during ma-
nipulative operations, showing significant application potential.

Muscle tension cloud mapping technology combines multi-point muscle tension
testing, soft tissue tension testing systems, and MATLAB engineering software
to comprehensively evaluate differences in neck and back muscle tension dis-
tribution before and after manipulative therapy. Compared with traditional
single-point muscle tension testing [38], this method more comprehensively and
intuitively reflects the effects of manipulation on neck and back muscle tension.
Liang [39] and Wang [40] used this method to evaluate overall changes in neck
and back muscle tension in cervical spondylotic radiculopathy patients before
and after cervical rehabilitation exercises and rotational-thrust manipulation,
confirming that these interventions can reduce muscle tension and balance ten-
sion between affected and healthy sides.

These studies represent applications of software engineering technologies in tra-
ditional Chinese manipulative therapy mechanistic research. Relevant software
is widely used in analyzing biomechanical effects, morphological impacts on
anatomical structures, and effects on cervical soft tissue tension, showing con-
siderable promise. However, the models constructed by digital simulation tech-
nology are inherently complex digital constructs. Assigning different material
properties, boundary conditions, mesh densities, and numerical solutions can
significantly alter mechanical index outputs [41], and increased data complexity
inevitably reduces simulation fidelity. Overcoming current software limitations
and enhancing digital model simulation accuracy remain major challenges for
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researchers.

4 Applications of Neural Engineering and Neuroimaging
Technologies
Neural engineering is an emerging 21st-century discipline that employs neuro-
science and engineering methods to understand, repair, replace, enhance, or ex-
ploit nervous system characteristics, and design solutions for neural constraints
and dysfunctions [42]. Exploring nervous system function constitutes an im-
portant component of this discipline. With continuous in-depth research in
recent years, many devices for neural function research have emerged, enabling
non-invasive exploration of central nervous system function and providing new
approaches for investigating neural signal transmission processes of external in-
terventions and exploring mechanisms of non-pharmacological therapies such as
acupuncture and manipulation.

Functional magnetic resonance imaging (fMRI) is a brain function imaging tech-
nique that describes deoxyhemoglobin concentration changes induced by task-
based or spontaneous regulation of neural metabolism [43]. It offers broad
practicality (can be performed on clinically common 1.5T MRI scanners), non-
invasiveness (no radioactive isotopes or drugs required), and good spatial reso-
lution, making it a primary tool in neuroimaging research. Didehdar et al. [44]
found that after spinal manipulation therapy (SMT), chronic nonspecific low
back pain patients showed significant differences in N-acetylaspartate levels in
the thalamus, insula, and dorsolateral prefrontal cortex, and choline levels in
the thalamus, insula, and somatosensory cortex compared with sham manipu-
lation groups. This suggests that spinal manipulation achieves pain relief by
altering brain metabolite production in regions such as the thalamus and insula
to inhibit pain signal generation.

Yang et al. [45] observed fMRI imaging before and after spinal manipulation
therapy in patients with chronic low back pain, finding significant changes in
regional homogeneity (Reho) in bilateral precuneus and right middle frontal
gyrus, indicating that manipulative therapy can significantly improve altered
brain neural functional activity in low back pain patients. The Reho value in
the left precuneus could predict the immediate analgesic effect and evaluate
manipulative analgesic efficacy. Moser et al. [46] found that rotating patients’
heads to maximum angle during manipulation significantly increased functional
connectivity in the posterior brain and cerebellum. Many domestic studies [47-
49] have also used this technology to verify central nervous system responses
to traditional Chinese manipulative effects. The widespread application of this
technology connects physical therapy with brain science, establishing another
pathway for elucidating manipulative therapy mechanisms. With advances in
brain science and neural engineering, the central effects of manipulation are
expected to be further clarified.
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Additionally, electroencephalography (EEG) serves as another tool for exploring
manipulative therapy mechanisms for spinal degenerative diseases, with the ad-
vantage of continuous measurement during manipulative procedures for record-
ing continuous central effects. Navid et al. [50] used 61-channel EEG to record
brain electrical changes in subclinical pain volunteers before and after spinal
manipulation, finding that chiropractic treatment may alter central processing
of pain and unpleasant sensations. Gevers-Montoro et al. [51] applied capsaicin
stimulation to healthy volunteers’ backs and used EEG to record pain thresholds
and brain electrical changes before and after spinal manipulation. They found
that volunteers developed clear hyperalgesia after capsaicin application, which
disappeared after spinal manipulation, capturing frontal high-gamma oscilla-
tions and suggesting that segmental spinal manipulation can prevent secondary
hyperalgesia. A similar study [52] used laser heat stimulation for pain induction
and EEG for pain signal capture, preliminarily exploring the potential correla-
tion between decreased pain sensitization and inhibition of A𝛿 and C fibers.

Currently, such research primarily focuses on exploring the central analgesic
mechanisms of spinal manipulation, with limited application in traditional Chi-
nese manipulative therapy effect mechanisms, though showing certain potential.

The application of neural engineering and neuroimaging technologies provides
a powerful supplement to research methods for investigating the efficacy mech-
anisms of traditional Chinese manipulative therapy for spinal degenerative dis-
eases. Combined with advances in brain science, exploring the efficacy mech-
anisms of manipulative therapy from a central perspective will become a key
future research direction.

5 Potential Applications of Artificial Intelligence Technol-
ogy
Artificial intelligence technology is a new technical science that studies and de-
velops theories, methods, technologies, and application systems for simulating,
extending, and expanding human intelligence [53]. The rapid development of AI
technologies in image recognition, deep learning, neural networks, and robot de-
velopment has greatly promoted multidisciplinary integration. Currently, many
manipulative therapy-related studies have achieved breakthroughs through AI
technologies, primarily in intelligent manipulative simulation device develop-
ment and algorithm-enhanced robotic treatment plan selection.

Yang et al. [54] used an AI robotic arm (Dobot Magician) to learn and sim-
ulate the one-finger Zen technique, comparing pressure perception functions
of this technique on rabbit and human soft tissues, providing methodological
reference for “equivalent dose-equivalent effect” simulation of manipulative tech-
niques in experimental animal models. Some studies employed biomechanical
exploration robots [55-57] to detect and intelligently restore the mechanical ef-
fect variation process of lumbar thenar pushing techniques on fresh pig cadaver
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L3/L4 segments, analyzing stress changes in lumbar muscles and spinal cord.
This research method also has potential for application in cervical manipulative
studies.

In fact, manipulative robots based on AI technology, genetic algorithms, and
other technical means continue to emerge [58-61]. Compared with the mechan-
ical gloves and manipulative simulation instruments mentioned earlier, intelli-
gent manipulative simulation robots can autonomously complete intervention
processes and directly generate outcome indicators or images, greatly promot-
ing basic research and mechanistic studies of manipulative therapy. However,
current AI robots primarily focus on relatively safe relaxation techniques, while
the development of thrusting/impulse manipulation robots still faces numerous
ethical and clinical issues.

Furthermore, computer algorithms enhanced by AI offer advantages in imaging
index screening, potential pathway identification, and target prediction, also
holding value for exploring manipulative therapy mechanisms: techniques such
as radiomics [62] and Repeated Incremental Pruning to Produce Error Reduc-
tion (RIPPER) [63]. However, these technologies have seen limited application
in manipulative therapy research and have not yet formed widely recognized
research systems.

6 Summary and Outlook
Spinal degenerative diseases represent an advantageous therapeutic domain for
traditional Chinese medicine. As a representative non-pharmacological therapy
of TCM, traditional Chinese orthopedic manipulation was listed among the first
batch of national intangible cultural heritage in 2006 (No. IX-6) and has devel-
oped a unique theoretical system and characteristic diagnostic and treatment
protocols through long-term practice. However, under the current trend of stan-
dardization, modernization, and internationalization in medical research, how
to further elucidate the effect mechanisms of traditional Chinese manipulative
therapy for spinal degenerative diseases through more scientific research meth-
ods combined with modern instruments has become a primary challenge for
practitioners.

Previous manipulative research has primarily focused on clinical efficacy and me-
chanical characteristic analysis, leading to explorations in standardized manipu-
lation operations and digital teaching inheritance models. However, insufficient
attention has been paid to deep interpretation of manipulative scientific conno-
tations from multidisciplinary perspectives and modern analysis of effect mech-
anisms, resulting in a situation where traditional Chinese manipulative therapy
enjoys wide clinical application but faces difficulties in achieving international
recognition [64]. With the increasing popularity of the “medicine-engineering
integration” research model, modern science and technology provide contem-
porary manipulative practitioners with numerous novel research methods and
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ideas. Standardized manipulative intervention simulation, digital and visual
analysis of manipulative effects, and dynamic restoration and analysis of ma-
nipulative operation processes have all become possible. Correctly selecting
research methods and technologies to promote the modernization and interna-
tionalization of traditional Chinese manipulative therapy research constitutes a
primary work objective for manipulative practitioners during the 14th Five-Year
Plan period.

Based on current research status, our team believes that on the foundation of
clinical efficacy and biomechanical studies of target manipulative techniques,
implementing basic research on manipulative effect mechanisms through reli-
able, quality-controlled manipulative simulation devices, deeply exploring the
neuro-humoral-immune effect mechanisms of manipulative therapy for spinal de-
generative diseases, and elucidating central effect mechanisms through relevant
neural engineering and neuroimaging technologies will enrich the scientific con-
notation of traditional Chinese manipulative therapy from multiple dimensions.
This will be the main research direction for the next stage of manipulative effect
mechanism studies.
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