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Tuina and Motion-Based Analgesia: Integrating Passive and Active Therapies for Pain Rehabilitation


Abstract
Aim: This review aims to explore the role of Tuina in pain management by examining how passive and active motion interventions contribute to musculoskeletal rehabilitation.
Methods: A narrative synthesis of randomized controlled trials, systematic reviews, and preclinical studies (2015–2024) was conducted to evaluate the biomechanical, neurobiological, and psychological pathways of Tuina, as well as its integration with traditional Chinese exercises and contemporary rehabilitation approaches.
Results: Tuina exerts biomechanical effects through joint mobilization, circulation enhancement, and fascial remodeling; neurobiological effects through descending pain inhibition, neuroplasticity, and modulation of inflammatory mediators; and psychological effects via stress regulation and improvements in mood. Passive interventions provide immediate analgesia and functional support, while active modalities, including Yi Jin Jing and Wu Qin Xi, sustain long-term recovery through neuromuscular retraining. Integrative strategies combining Tuina with exercise or traditional Chinese exercises outperform monotherapy in reducing pain, disability, and recurrence rates, with added economic benefits in rehabilitation settings.
Conclusion: Tuina represents a safe, effective, and evidence-based approach for acute and chronic pain. By integrating passive and active therapies, Tuina aligns with the biopsychosocial model of care, offering holistic benefits for musculoskeletal rehabilitation.
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1. INTRODUCTION
Pain is a complex, multidimensional experience encompassing sensory, emotional, and cognitive dimensions, and remains a leading global cause of disability. Epidemiological data show that 20% of adults experience pain annually, with 10% developing chronic pain. In China alone, over 400 million people suffer from chronic pain, yet less than 60% seek treatment, and only 20% report adequate relief highlighting the urgent need for safe, accessible, and non-addictive management strategies [1].

Tuina, a manual therapy grounded in traditional Chinese medicine (TCM), addresses pain through meridian theory by stimulating acupuncture points and applying passive joint movements to regulate Qi and blood flow, dispel pathogenic factors, and restore Yin-Yang balance [2]. Clinically, it is performed via:
Soft tissue manipulation (e.g., pressing, kneading) for local symptom relief.
Spinal manipulation (e.g., high-velocity thrusts or low-velocity mobilizations) for postural correction [3].

Modern research supports Tuina’s efficacy, especially in musculoskeletal conditions. Sczypiorski’s meta-analysis [8] confirmed Tuina’s effectiveness in relieving osteoarthritic pain and improving joint mobility, particularly in the knees and lumbar region. Liu and Wang [6] also demonstrated its benefits for neck, shoulder, and low back pain using grasping and kneading techniques. When combined with herbal therapies such as Duhuo Jisheng Decoction, Tuina further enhances pain reduction and functional improvement with minimal adverse effects [4]. For chronic nonspecific low back pain (CNLBP), systematic reviews endorse Tuina as a noninvasive and effective alternative [9].

Mechanistically, Tuina’s effects are increasingly understood through modern frameworks. Electrophysiological studies by Chen et al. [5] show that Tuina can modulate neural pathways and aid motor recovery in stroke patients, bridging TCM with contemporary neuroscience.

In TCM, passive treatments like Tuina are complemented by active movement therapies such as Dao Yin, Yi Jin Jing, and Ba Duan Jin. Dao Yin,  ancient exercises combining posture, breath control, and mental focus enhances Qi flow, metabolism, immunity, and meridian circulation [10]. Yi Jin Jing, a moderate-intensity practice emphasizing posture, breath and coordination, has demonstrated benefits for musculoskeletal pain. Clinical trials report improved neck function and reduced disability in patients with nonspecific chronic neck pain (NCNP), with neuroimaging studies linking its analgesic effects to enhanced brain network connectivity [38]. Cheng et al. further confirmed that combining Tuina with Yi Jin Jing reduced pain, disability, and anxiety in NCNP patients [38].

Beyond these single-center studies, large-scale randomized controlled trials are now investigating the integration of Tuina with Traditional Chinese Exercises (TCEs) such as Baduanjin, Taiji, and Wuqinxi. A recent multicentre RCT protocol on lumbar disc herniation hypothesizes that Tuina provides immediate analgesia and mechanical correction, while TCEs sustain improvements in spinal stability, gait, and quality of life through active movement, breath regulation, and mind-body coordination [72]. This reflects a growing clinical trend to combine therapist-administered passive therapies with patient-led active practices for more durable outcomes.
Integrating these modalities aligns with modern pain neuroscience and the biopsychosocial model, which recognize pain as a multidimensional phenomenon shaped by physical, emotional, and cognitive factors. This paper examines how Tuina, alone and in combination with active motion therapies, modulates pain perception through biomechanical, neurobiological, and psychological pathways, highlighting the distinct yet synergistic roles of passive and active interventions in integrative pain management.

LITERATURE SEARCH
This narrative review was informed by a structured literature search conducted between January 2010 and March 2025. The following databases were searched: PubMed, Web of Science, Embase, CNKI, and Cochrane Library. Search terms combined keywords and MeSH terms related to “Tuina,” “Chinese massage,” “manual therapy,” “pain,” “analgesia,” “passive motion,” “active motion,” “exercise,” “rehabilitation,” and “mechanisms.”
Inclusion criteria were:
Randomized controlled trials (RCTs), systematic reviews, meta-analyses, and experimental studies investigating Tuina or related manual therapies in pain management.
Both clinical and preclinical studies addressing biomechanical, neurophysiological, or psychological mechanisms.
Articles published in English or Chinese.
Exclusion criteria were:
Case reports, commentaries, and editorials.
Studies not directly assessing pain outcomes or mechanistic pathways.
Two authors independently screened titles and abstracts, reviewed full texts, and extracted data on study design, participants, interventions, outcomes, and mechanistic insights. Disagreements were resolved through discussion with a senior reviewer.
This process identified 71 primary studies that formed the core evidence base for this review, supplemented by additional references for contextual and historical background.
This review is narrative in nature rather than a systematic review. While we employed a structured search to capture relevant clinical and mechanistic evidence, we did not perform a formal risk of bias assessment or quantitative meta-analysis. Instead, studies were appraised qualitatively for their design quality, mechanistic insight, and clinical relevance to passive and active motion-based analgesia.

2. ACTIVE AND PASSIVE MOTION THERAPIES IN TUINA AND REHABILITATION
Pain management and rehabilitation employ both passive and active motion therapies, each offering distinct but complementary benefits. In Traditional Chinese Medicine (TCM), Tuina integrates these approaches, combining manual therapy with patient-led exercises to address pain through biomechanical, neurophysiological, and psychosocial mechanisms. Distinguishing between passive and active modalities is essential, as their differing mechanisms influence analgesia, tissue repair, and neuromuscular recovery.

2.1 Passive motion interventions (PMIs)
Passive motion interventions (PMIs) are externally applied therapies performed manually or with devices that mobilize joints and soft tissues without patient-generated effort. They are particularly valuable during acute pain phases, in early rehabilitation, or when voluntary movement is restricted by injury, surgery, or neurological impairment. By maintaining mobility, preventing contractures, and providing immediate analgesia, PMIs create an optimal foundation for subsequent active rehabilitation.

2.1.1Physiological and Neuromuscular Effects
PMIs act through both segmental and supraspinal mechanisms. Stimulation of cutaneous and connective tissue mechanoreceptors activates Aβ fibers, which inhibit nociceptive transmission at the spinal dorsal horn via the gate control mechanism [17]. At the same time, descending inhibitory systems involving the periaqueductal gray (PAG) and rostral ventromedial medulla (RVM) are engaged, leading to the release of enkephalins, GABA, and endogenous opioids [19,20]. This dual mechanism spinal gating plus descending modulation produces both immediate and short-term hypoalgesia [17–20].

Manual therapies such as Tuina add further complexity. Beyond generic mechanical stimulation, Tuina involves targeted selection of meridians, acupoints, and techniques, which differentiates it from conventional massage or physiotherapy. Specific manipulations kneading, rolling, traction, or high-velocity spinal thrusts are selected according to the patient’s syndrome pattern, affected meridians, and functional restrictions. For example, pressing along the Bladder meridian may regulate paraspinal muscle tone, while mobilization around the Gallbladder channel addresses lateral hip or leg pain. This acupoint- and meridian-specific targeting is considered essential in TCM, as it integrates symptom relief with systemic regulation of Qi and blood flow.

From a biomedical perspective, Tuina has been shown to reduce inflammatory mediators such as TNF-α and IL-1β [38], modulate activity in pain-processing brain regions such as the insular cortex [61], and improve proprioception, thermal sensitivity, and balance [62]. Animal studies further confirm that Tuina attenuates hyperalgesia and modulates dorsal horn excitability [63]. These findings suggest that Tuina produces not only local tissue effects but also systemic neuroimmune modulation.

2.1.2 Clinical Modalities
Tuina therapy: Uses kneading, rolling, traction, and joint mobilization to improve circulation, relieve muscle tension, and enhance mobility especially in knee osteoarthritis and frozen shoulder. 
Continuous passive motion (CPM): Applied after ACL reconstruction or total knee arthroplasty to reduce stiffness and promote cartilage healing [12].
Passive stretching/joint mobilization: Used in adhesive capsulitis to restore mobility and distribute synovial fluid [15].
Neurological rehabilitation: Passive range of motion (PROM) in early post-stroke care helps prevent contractures and support neuroplasticity [16].

PMIs are most effective for acute pain control, stiffness reduction, and early functional gains. However, their long-term impact is often limited if used in isolation, underscoring the need for transition to active rehabilitation strategies. In TCM, Tuina’s dual role relieving symptoms while stimulating meridians and acupoints aligns with biomedical evidence of mechanoreceptor activation, descending pain inhibition, and neuroimmune modulation. This positions PMIs as both effective standalone therapies in acute care and preparatory interventions for comprehensive rehabilitation.

While passive interventions such as Tuina provide rapid pain relief and physiological regulation, their effects are frequently transient. To enhance durability, recent research emphasizes combining PMIs with active, patient-led exercises. Traditional Chinese Exercises (TCEs) including simplified movements from Baduanjin, Taiji, and Wuqinxi enhance spinal stability, proprioceptive feedback, and mind–body coordination. A multicentre randomized controlled trial protocol on lumbar disc herniation is currently testing Tuina combined with TCEs, hypothesizing that Tuina offers immediate analgesia and structural correction, while TCEs sustain improvements in gait, muscle strength, and quality of life [72]. This integrated model exemplifies a growing trend in rehabilitation to combine therapist-administered passive modalities with active exercise to achieve synergistic and longer-lasting outcomes.

2.2 Active motion interventions (AMIs)
Active motion interventions (AMIs) are patient-led exercise therapies that enhance neuromuscular coordination, muscle strength, flexibility, and functional capacity while reducing pain. Therapeutic exercise, the most widely studied AMI, demonstrates medium-to-large effect sizes in musculoskeletal disorders, improving pain, physical function, and quality of life [26]. Engagement in voluntary movement promotes neuroplastic adaptations, increases regional blood flow, supports tissue repair, and decreases inflammatory markers [29]. 

Through dynamic muscle activation and restoration of joint mechanics, AMIs optimize proprioception and contribute to sustained rehabilitation outcomes.

2.2.1 Physiological and Mechanistic Basis
AMIs activate cortico-spinal pathways, strengthen descending inhibitory systems, and enhance motor learning. Structured resistance and flexibility training restore joint stability and balance agonist–antagonist muscle recruitment, reducing pain and dysfunction [31]. Aerobic exercise further modulates endogenous opioid and endocannabinoid systems, lowering pain perception while improving systemic cardiorespiratory fitness [29]. These mechanisms indicate that AMIs provide both local musculoskeletal benefits and systemic regulation of inflammation and stress responses.

2.2.2 Clinical Modalities
Several modalities illustrate the breadth of AMIs:
High-intensity interval training (HIIT) improves functional mobility and recovery in musculoskeletal conditions beyond traditional rehabilitation [28].
Aquatic therapy reduces joint loading through buoyancy, facilitating movement and pain relief in patients with limited mobility [33].
Condition-specific protocols, such as scoliosis-focused exercises, address asymmetry, improve range of motion, and correct muscular imbalances [32].
Exercise programs for chronic low back pain integrate biomechanical correction with psychosocial support, forming a core component of multidisciplinary care.

2.2.3 Traditional Chinese Exercise (TCE) Modalities
Traditional Chinese Exercises (TCEs) are culturally rooted AMIs that combine structured movement, breath regulation, and meditative focus. Practices such as Qigong enhance proprioceptive awareness, neuromuscular coordination, and autonomic regulation, thereby addressing both physiological and psychological contributors to pain [36]. Clinical studies report that Qigong reduces muscle tension, lowers inflammatory markers, and improves psychological well-being. In fibromyalgia, significant pain reductions persisted for up to six months following eight weeks of practice [35,36]. Preliminary evidence in Parkinson’s disease suggests potential benefits for musculoskeletal discomfort and gait disturbances, though larger confirmatory trials are still needed [34].

Randomized clinical trials further support the rehabilitative potential of specific TCE forms. A six-month trial of Wu Qin Xi Qigong (WQXQ) in early knee osteoarthritis reported 20–50% improvements in pain, function, and knee stability, alongside significant gains in balance (Berg Balance Scale, p = 0.029) and WOMAC pain reduction (p = 0.031) compared with controls [37]. These findings underscore the value of TCEs in musculoskeletal rehabilitation, though methodological variability across trials highlights the need for standardization [34–36].
Importantly, beyond single-exercise interventions, rigorous multicentre research is now evaluating TCEs in combination with Tuina. A current trial protocol in lumbar disc herniation integrates Tuina with simplified movements from Baduanjin, Taiji, and Wuqinxi, aiming to demonstrate that Tuina provides rapid analgesia while TCEs consolidate long-term functional gains [72]. This reflects a shift toward validating TCEs not only as standalone therapies but also as integral components of integrated rehabilitation models.

2.2.4 Clinical Relevance and Integration
AMIs provide versatile strategies for rehabilitation by restoring neuromuscular function, reducing pain, and supporting long-term functional recovery. Their active nature reinforces patient participation and self-management, complementing the immediate analgesic effects of passive interventions. Together, these modalities create a dual approach: passive therapies such as Tuina relieve acute symptoms and prepare tissues, while AMIs consolidate these gains through active strengthening and motor retraining. This integrative framework is increasingly emphasized in rehabilitation research, highlighting the need to evaluate passive–active combinations in high-quality trials.

2.3 Integrating Passive and Active Motion Therapies: Mechanisms and Clinical Evidence
The integration of passive and active motion therapies is increasingly recognized as an effective strategy for reducing pain, enhancing function, and improving neuromuscular coordination in musculoskeletal rehabilitation [39,40] . Clinical trials and systematic reviews published between 2015 and 2024 indicate that combining manual therapy, massage, or continuous passive motion with structured exercise regimens can accelerate recovery, improve adherence, and support long-term functional outcomes [41,43].
2.3.1 Clinical Rationale and Sequencing
Integration is often implemented sequentially: early passive mobilization to control pain and stiffness, followed by progressive active training to reinforce function and prevent recurrence. After arthroscopic rotator cuff repair, for example, passive mobilization combined with structured exercise enhances tendon healing, reduces stiffness, and expedites functional recovery [42]. This sequence leverages the immediate analgesia of passive modalities to enable more effective participation in active rehabilitation.
Figure 1. compares passive and active motion-induced analgesia pathways. Passive input (e.g., Tuina, CPM) activates Aβ mechanoreceptors, modulating pain via the dorsal root ganglion, dorsal column–medial lemniscus pathway, spinal gating, and cortical processing (S1, insula) for short-term relief. Active input (e.g., Qigong, exercise) engages Ia/Ib proprioceptors and Aβ fibers, ascending via spinocerebellar, spinothalamic, and corticospinal tracts to higher-order centers (ACC, SMA, hippocampus, insula), promoting neuroplasticity and longer-lasting pain inhibition.
Image created with BioRender. https://biorender.com (2025).

Figure 1. compares passive and active motion-induced analgesia pathways
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2.3.2 Mechanistic Complementarity
Passive and active modalities act through distinct but complementary pathways. Passive interventions provide rapid hypoalgesia by gating nociceptive input at the spinal level and activating descending inhibitory systems [17–20,61]. Tuina adds both traditional and biomedical dimensions: meridian- and acupoint-specific manipulations regulate Qi and blood flow, the  reductions in inflammatory mediators such as TNF-α and IL-1β [38], modulation of activity in pain-processing brain regions including the insular cortex [61], and improvements in proprioception, thermal sensitivity, and balance [62]. Active modalities complement these effects by strengthening cortico-spinal pathways, inducing neuroplastic adaptations, and restoring proprioceptive control [25]. Together, this integration reduces maladaptive compensatory patterns, stabilizes joint mechanics, and enhances long-term rehabilitation outcomes [43,45].
2.3.3 Clinical Evidence Across Conditions
Chronic neck pain: Tuina combined with Yi Jin Jing reduced pain by 45% and improved cervical mobility, with benefits sustained for six months [38].
Lumbar disc herniation: Tuina integrated with simplified Tai Chi improved pain, gait, and lumbar ROM more effectively than Tuina alone (32% vs. 18% reduction in disability scores) [52].
Post-ACL reconstruction: Tuina combined with CPM and strengthening improved knee function and reduced inflammatory markers beyond standard care [40].
Knee osteoarthritis: Tuina with functional training improved KOOS scores and shortened recovery time by 20% compared with exercise alone [52].

2.3.4 Health Economics and Implementation
Integrated rehabilitation also demonstrates cost-effectiveness. Although initial treatment costs may be higher, reductions in rehabilitation time and hospital readmissions lower overall expenses by 18–22% [43,44]. Early Tuina following lumbar surgery reduced hospital stays by 3–5 days, saving an estimated $12,000–18,000 per patient annually [45].

2.3.5 Challenges and Future Directions
Despite these promising results, heterogeneity in trial design, patient populations, and intervention protocols complicates interpretation [39,43] . Critical parameters including Tuina frequency, manipulation techniques, and exercise intensity—remain insufficiently standardized. Larger multicentre randomized controlled trials are needed to refine these variables and identify patient subgroups most responsive to integrated care [40]. Nonetheless, more than 50 systematic reviews affirm the effectiveness of combined passive–active strategies across both TCM and Western rehabilitation contexts [42,45].

Integrating Tuina with active rehabilitation reflects a modern, evidence-based strategy for musculoskeletal care. By pairing the immediate analgesic and neuroimmune effects of passive therapy with the long-term neuromuscular benefits of active exercise, this approach can addres pain, function, and adherence through complementary mechanisms, offering substantial clinical and economic value [38,42,52,55].

	Aspect
	Passive motion interventions (PMIs)
	Active Motion Interventions (AMIs)
	Similarities

	Definition/Focus
	Therapist-driven; targets acute pain, stiffness, or limited mobility (e.g., knee OA, postoperative recovery).
	Patient-driven; emphasizes chronic pain management and functional maintenance (e.g., low back pain, NCNP).
	Both aim to reduce pain and improve function. Integral to TCM and integrative pain management.

	Main Techniques in TCM
	Joint mobilization, kneading, traction, soft tissue manipulation (e.g., Tuina).
	Qigong (e.g., Yi Jin Jing, Wu Qin Xi), core stability exercises, therapeutic stretching, Tai Chi.
	Can be combined synergistically (e.g., Tuina + Yi Jin Jing).

	Mechanisms
	- Spinal gating (Aβ mechanoreceptor activation).
- Anti-inflammatory effects (↓ TNF-α, IL-1β).
- Immediate pain inhibition by descending pathways [17–20, 24]
	- Neuroplasticity and motor learning.
- Enhanced proprioception and strength.
-Long-term neuromodulation (e.g., brain connectivity changes) [61, 25]
	Both modulate pain via neural pathways (spinal/supraspinal). Both reduce inflammation and improve CNS activity.

	Treatment Outcomes
	- Immediate pain relief (>90% efficacy in knee OA) [24].
- Reduced joint stiffness and swelling.
- Short-term functional gains.
	- Sustained functional recovery (e.g., 45% pain reduction in chronic neck pain) [38].
-Lower recurrence rates (e.g., 17% vs. 44% in low back pain) [25].
	Improve pain scores (e.g., WOMAC, VAS). Validated in systematic reviews [7]. ROM

	Limitations
	- Short-term effects; may require repeated sessions.
- Limited long-term functional improvement.
-Dependency on therapist expertise.
	- Delayed results; requires patient adherence.
- Less effective for acute pain.
-Needs structured protocols for optimal dosing.
	Both require high-quality studies to standardize protocols [7]. Challenges in mechanistic clarity.



Table 1: A two-column infographic comparing the mechanisms of analgesia engaged by passive motion (left) versus active motion (right) interventions. Passive modalities primarily induce immediate pain relief through biomechanical adjustments and neurophysiological gating mechanisms, whereas active modalities promote sustained pain modulation via neuromuscular and neuroplastic adaptations.

3. Mechanisms of action: How tuina modulates pain
Pain can be categorized into three types based on duration and mechanism: acute, chronic, and transient [1].
Acute pain arises from tissue injury and activates nociceptive pathways as a protective signal. It typically resolves within days to weeks and may present with symptoms like headache or fever [1].
Chronic pain persists beyond normal healing, lasting over three to six months, often involving maladaptive neuroplasticity. Conditions like fibromyalgia and neuropathic pain reflect disrupted descending inhibition and heightened sensitivity [1, 51].
Transient pain is brief and triggered by non-damaging stimuli (e.g., sudden cold), acting as a rapid warning mechanism [1].
Tuina produces analgesia through biomechanical, neurobiological, and psychological mechanisms that target pain at multiple levels. The following sections examine each pathway in detail.

3.1 Biomechanical pathway
Tuina alleviates pain and dysfunction through biomechanical effects that align with evidence-based manual therapy while incorporating meridian- and acupoint-specific targeting. Techniques such as joint mobilization, rhythmic kneading, fascial traction, rolling (gun fa), pushing (tui fa), pressing (an fa), and plucking (na fa) enhance tissue mobility, correct structural imbalances, and support postural alignment.

Joint realignment and mobility. Mobilization techniques reduce biomechanical restrictions and mechanical stress on periarticular tissues, improving range of motion (ROM) and pain in conditions like knee osteoarthritis and chronic low back pain [57,58]. In a meridian-guided animal model, therapists pressed and kneaded the bladder meridian at 8 N and 120 times/min for 4 min, pressed BL-20 (Pishu), BL-22 (Sanjiaoshu), and BL-23 (Shenshu)with pressure increasing to 10 N for 8 s at 6 times/min, and plucked the meridian at 10 N and 30 times/min for 3 min illustrating how standardized force, frequency, and acupoint choice can be integral to Tuina practice [64].

Circulation and nutrient delivery. Rhythmic compression and kneading enhance local blood flow, improving oxygenation, nutrient exchange, and clearance of inflammatory metabolites [59]. Manual therapy research similarly reports improved microvascular perfusion post-treatment, with positive outcomes even in cases like hemophilic elbow arthropathy without increased bleeding risk [60]. Experimental work shows that effective rolling manipulation involves moderate rhythmic frequency (120–160 times/min) with a stable peak force (~0.70–0.85 kg) [65]. Circulatory orthogonal experiments further identify an optimal parameter combination 4 kg pressure, 120 repetitions/min, and 10 min to maximize blood-flow increases, whereas higher pressure, frequency, or duration does not yield additional benefits [66].

Fascial remodeling. Chronic stiffness and adhesions are targeted through sustained, multidirectional strokes, resembling myofascial release techniques. Clinical trials on fascial distortion therapy report similar pain relief and mobility gains [21]. The parameterized rolling and pressing methods described above [64–66] may further enhance fascial remodeling by providing consistent, tissue-appropriate mechanical loading.

Preclinical analgesic evidence. Animal studies further support Tuina’s biomechanical actions. In a rat pain model, Tuina reduced peripheral nociceptive C-fiber activity after a 15-minute session, producing measurable analgesic effects [75]. This suggests that mechanical stimulation not only improves tissue mobility and circulation but also directly dampens nociceptive signaling processes often linked with inflammatory responses, reinforcing the biomedical rationale for Tuina’s clinical use.

Postural efficiency and functional movement. By reducing compensatory strain and restoring alignment, Tuina promotes more efficient postural control and movement patterns, consistent with Western rehabilitation approaches emphasizing kinematic chain optimization [22]. A recent review supports integrated manual methods for structural rebalancing and dynamic postural correction.

Taken together, Tuina’s biomechanical actions (joint realignment, circulation enhancement, fascial release, preclinical evidence of nociceptive dampening, and postural retraining) are supported by both broad manual therapy literature [57–60,21,22] and Tuina-specific parameterization research [64–66,75]. These effects are particularly relevant in acute and subacute stages, where timely intervention can help prevent chronicity.

While these mechanical effects act primarily on the musculoskeletal system, Tuina also initiates complex neurobiological processes that modulate pain perception at spinal and supraspinal levels.

3.2 Neurobiological pathways
From a neurophysiological perspective, pain modulation depends on a dynamic balance between excitatory and inhibitory signaling within both the central and peripheral nervous systems. A crucial regulatory circuit in this process is the periaqueductal gray (PAG)–rostral ventromedial medulla (RVM)–dorsal horn (DH) pathway, which governs the descending inhibition of nociceptive input.
In chronic pain conditions such as fibromyalgia and neuropathic pain, dysfunction within this descending system marked by reduced inhibitory output contributes to central sensitization and heightened pain responses [51]. Tuina therapy may help restore this balance by promoting the release of serotonin and norepinephrine, neurotransmitters essential for activating descending inhibitory pathways, and by stimulating the production of endogenous opioids such as β-endorphins [51].

Neuroimaging evidence supports acupoint-specific central effects: stimulation at ST36 produces stronger activation of the insula and secondary somatosensory cortex and more pronounced deactivation of the precuneus compared with adjacent non-acupoints [67], suggesting selective modulation of salience and somatosensory networks. In a neuropathic-pain rat model, Tuina applied at BL-40 (Weizhong) with controlled pressure and frequency increased ALFF values in the left dentate gyrus, secondary somatosensory cortex, striatum, and primary cingulate cortex, while decreasing ALFF in the contralateral dentate gyrus and periaqueductal gray; these changes correlated with improved mechanical and thermal pain thresholds [68].

At the spinal level, daily pressing manipulation after nerve injury has been shown to downregulate pro-inflammatory cytokines and reduce expression of synaptic proteins NR2B and PSD-95 [69], indicating potential for synaptic remodeling and inhibition of excitatory neurotransmission. Complementary findings come from a neonatal hypoxia–ischemia model, where Tuina protected against brain injury by dampening neuroinflammatory responses. These effects were linked to modulation of TNF-α and IL-10 methylation dynamics, suggesting that Tuina’s neuroprotective role extends beyond neurotransmitter regulation to include inflammation-related signaling cascades [81].

These neurochemical and neuroanatomical effects complement earlier findings that Tuina can increase pressure pain thresholds, as shown by Xu et al. [6], where participants exhibited significantly greater PPT gains than those receiving celecoxib (P < 0.05).
Furthermore, clinical evidence indicates that the site of manipulation influences neuromuscular activation: in chronic nonspecific neck pain, Tuina applied to muscle origin and insertion points yielded greater reductions in muscle tension (lower sEMG root mean square) and improved muscle endurance (lower median-frequency decline rates) than manipulation over the muscle belly [70]. These neuromuscular effects may interact with psychological benefits such as relaxation and expectancy, supported by brain imaging studies showing modulation of emotion- and cognition-related regions (e.g., cingulate cortex) during Tuina.

When paired with active motion such as rehabilitative exercise or qigong these neurobiological and neuromuscular effects may be further enhanced. Voluntary movement promotes motor learning and neuroplasticity, potentially reducing spinal excitability and strengthening long-term pain modulation [61].

Beyond these physiological processes, Tuina also modulates the cognitive and emotional dimensions of pain perception, which are explored in the following section.

3.3 Psychological and Cognitive Pathways
Pain perception is shaped not only by physical stimuli but also by emotional and cognitive processes, especially in chronic pain, where nociceptive input may not correspond to actual tissue damage. Neuroplasticity, stress regulation, and affective processing significantly influence both the experience of pain and treatment outcomes.

Central Nervous System Modulation. Neuroimaging studies show that Tuina modulates brain regions involved in pain and emotion. In patients with cervical spondylosis, two weeks of Tuina normalized hyperactivity in the anterior/posterior cingulate cortex, thalamus, and medial prefrontal cortex, with these changes correlating with improved pain and function scores [46]. Similarly, in patients with poststroke depression, Tuina enhanced neural activity in limbic regions such as the hippocampus, parahippocampal gyrus, and insula and strengthened hippocampal–thalamic connectivity [47]. These findings suggest Tuina may promote adaptive neuroplasticity in circuits regulating emotion, memory, and stress.

Stress Response and Autonomic Regulation. Tuina also appears to modulate the autonomic nervous system and neuroendocrine stress pathways. While direct cortisol data are limited, related massage therapy studies show reduced cortisol and increased serotonin after manual treatment [48]. Comparable benefits have been observed in Tuina-based insomnia studies, which reported improved autonomic balance and elevated serotonin levels, aligning with reduced stress response [49].

Interaction with Inflammatory Mediators. Stress and affective dysregulation are closely linked with inflammatory signaling, which may provide an additional pathway for Tuina’s cognitive–emotional effects. Cytokines such as TNF-α and IL-1β are known to drive both pain hypersensitivity and mood disturbances by influencing neuroimmune communication. Experimental models show that TNF-α can regulate downstream inflammatory factors through PI3K/AKT and ERK signaling cascades [76,80], while macrophage-driven NGF production contributes to synovial inflammation and pain sensitivity in osteoarthritis [79]. Although direct human data on cytokine modulation by Tuina remain limited, the combination of neuroimaging findings and preclinical inflammatory evidence suggests that Tuina’s stress- and mood-related benefits may partly involve attenuation of neuroimmune signaling.

Anxiety and Depression Reduction. Clinically, Tuina has demonstrated significant reductions in anxiety and depression, as measured by validated scales. In poststroke depression, ten Tuina sessions reduced Hamilton Depression Rating Scale (HAMD) scores and improved cognition versus routine rehabilitation [47]. A 2024 meta-analysis further confirmed that Tuina, used alone or adjunctively, significantly lowered anxiety and depression scores in insomnia patients [49].

Comparison to Pharmacologic Treatments. Some studies report Tuina to be as effective or superior to antidepressants in improving depressive symptoms, with fewer side effects. A systematic review of Chinese trials supports its value as a safe, nonpharmacological option, both as standalone and adjunct therapy [50].
Figure 2. Peripheral mechanotransduction pathways triggered by Tuina stimulation. The diagram shows how Tuina’s mechanical compression affects peripheral tissue layers (skin, fascia/ECM, muscle). It activates mechanoreceptors like PIEZO2 and downregulates TLR4 and P2X3 in fibroblasts and macrophages. PIEZO2 promotes analgesic mechanotransduction, while suppression of TLR4 and P2X3 reduces pro-inflammatory signaling. The intracellular cascade involves TLR4–MyD88–IRAK1/4–TRAF6–NF-κB (p65), which Tuina inhibits, decreasing cytokines IL-1β, IL-6, and TNF-α. Upregulation of miR-547-3p may also inhibit MAP4K4, enhancing anti-inflammatory effects. The diagram additionally highlights improved circulation and ECM remodeling as key components of Tuina’s peripheral analgesic action.
Image created with BioRender. https://biorender.com (2025).
Figure 2. Peripheral mechanotransduction pathways triggered by Tuina stimulation.
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4. Clinical Applications
Passive Tuina for Acute Pain. Tuina is effective for acute pain and mobility-restricted conditions such as knee osteoarthritis (KOA). Xu et al. [24] found it provided superior pain relief and functional improvement compared with celecoxib, with fewer side effects, while Liu et al. [23] also observed significant WOMAC score gains. Meta-analyses by Sczypiorski [8] and Liu et al. [2] confirmed Tuina’s efficacy in reducing pain and enhancing joint mobility. Chan et al. [4] further reported better outcomes when Tuina was combined with Duhuo Jisheng Decoction. These clinical results are consistent with preclinical findings showing that Tuina can dampen nociceptive signaling and modulate inflammatory mediators such as TNF-α and IL-1β [75,81], providing a plausible biomedical rationale for KOA pain relief.

Active Tuina and Combined Approaches for Chronic Pain. For chronic pain, combining Tuina with active therapies yields enhanced outcomes. Tang et al. [25] reported greater improvements in JOA and VAS scores and lower recurrence rates when Tuina was combined with core exercises compared with Tuina alone. Cheng et al. [38] found that adding Yi Jin Jing reduced neck pain by 45% and improved mobility, with neuroimaging showing normalized activity in pain- and motor-related brain regions [46,47]. A multicenter trial [52] confirmed that Tuina plus Tai Chi outperformed Tuina alone in reducing lumbar disc herniation-related disability. Evidence from post-stroke spasticity also supports this integrative model: Tuina combined with conventional rehabilitation reduced spasticity and improved motor outcomes [78]. Similarly, a Bayesian network meta-analysis indicated Tuina’s clinical value in acute lumbar sprain, a condition with inflammatory and soft-tissue pathology [73]. Mechanistically, these results align with Tuina’s ability to reduce central sensitization via descending inhibition [61] and to enhance neuroplastic remodeling, while active exercise sustains these gains by reinforcing motor control.

Systematic Reviews. Lee et al. [7] reviewed 66 RCTs and found Tuina superior to traction, medication, and conventional physical therapy for pain relief. Functional gains, however, were less consistent, highlighting the need for standardized outcome measures and intervention protocols. Reviews by Liu et al. [9] and others [58] support Tuina’s use in CNLBP, particularly when paired with exercise, though heterogeneity in Tuina techniques and trial quality remain barriers to clear conclusions. Protocol-based work in KOA [77] further reflects growing biomedical interest in Tuina’s potential to influence inflammation-driven musculoskeletal disease. Collectively, these reviews suggest Tuina is an effective nonpharmacological intervention, but its comparative advantage over other manual therapies is not universal, and benefits may depend on practitioner skill, acupoint selection, and patient subgroups.
Passive vs. Active Tuina.

Passive (therapist-driven): For acute symptoms, using mobilization, kneading, and traction. Xu et al. [24] reported over 90% effectiveness in KOA.
Active (patient-driven): For chronic pain, incorporating movement-based interventions such as Qigong and core training. Tang et al. [25] demonstrated that this approach enhances long-term outcomes.
Extended Applications. Tuina’s benefits extend beyond musculoskeletal disorders. It reduces depressive symptoms and improves limbic connectivity in poststroke depression [47], lowers anxiety and cortisol in insomnia [49], and enhances recovery when combined with CPM after ACL reconstruction. It also shortens post-lumbar surgery stays by 3–5 days [44]. Tuina combined with Wu Qin Xi Qigong improved knee stability and WOMAC scores by 20–50% in early KOA [37]. These diverse applications illustrate Tuina’s adaptability as both a standalone therapy and an adjunct in multimodal rehabilitation strategies.

 Despite broad supportive evidence, challenges remain. Many studies involve small sample sizes, short follow-up durations, and heterogeneous Tuina protocols, limiting generalizability [7,9,73]. In some reviews, Tuina was not consistently superior to other manual therapies, suggesting its effectiveness may be contingent on individualized acupoint targeting and practitioner expertise. Future multicentre RCTs should incorporate biomarker endpoints (e.g., TNF-α, IL-1β, neuroimaging, sEMG) to clarify mechanistic pathways and strengthen causal inferences.

Safety and Adverse Events
Tuina is generally considered safe when delivered by trained practitioners. Reported adverse events are typically mild and transient, such as localized soreness, fatigue, or temporary discomfort at the treatment site. Large randomized controlled trials in knee osteoarthritis and chronic low back pain report no serious adverse events, with most participants tolerating the intervention well [2,23,24].

Safety is enhanced by appropriate patient selection and adherence to contraindications. Excessive force should be avoided in patients with osteoporosis, unstable fractures, coagulation disorders, or acute infections. Cervical and spinal manipulations require particular caution, as improper technique may increase the risk of musculoskeletal strain.

Compared with pharmacological treatments, Tuina has a favorable safety profile, with fewer systemic side effects. However, systematic reporting of adverse events remains inconsistent across trials. Many studies focus on efficacy outcomes without standardized documentation of safety events, making cross-study comparisons difficult. Future clinical research should adopt uniform adverse event monitoring and reporting frameworks, such as STRICTOTM [82], to ensure that Tuina’s safety profile is consistently evaluated and comparable to other nonpharmacological interventions.

5. CONCLUSION
Tuina alleviates acute and chronic pain through complementary biomechanical, neurobiological, psychological, and biomedical pathways. Passive techniques provide rapid hypoalgesia via mechanoreceptor activation, spinal gating, and anti-inflammatory modulation [17,20, 75,81], while active modalities such as Yi Jin Jing promote neuroplasticity, strengthen cortico-spinal control, and sustain functional recovery [25,38] . Integrated approaches—combining Tuina with exercise-based rehabilitation—consistently outperform monotherapies, reducing disability and recurrence rates [25,52].

Systematic reviews and randomized controlled trials consistently support Tuina’s role in integrative care [4,7,38,52], with additional economic advantages through shorter hospital stays [44], improved adherence[25], and earlier return to function. Its safety profile is favorable compared with pharmacological treatments, with adverse events typically mild and transient [2,23,24]. Nevertheless, systematic monitoring and standardized reporting remain limited, underscoring the importance of adopting frameworks such as STRICTOTM [82].

Despite broad clinical support, important gaps remain. Protocol heterogeneity, variation in Tuina techniques, and insufficient biomarker outcomes limit mechanistic clarity and generalizability. Future trials should prioritize standardized protocols, optimal dosing parameters, and biomarker-focused designs incorporating cytokine assays, neuroimaging, and sEMG to confirm underlying pathways. Large multicentre studies are also required to validate Tuina’s effects across diverse populations and to evaluate long-term cost-effectiveness in clinical practice.

In summary, integrating passive and active therapies within the Traditional Chinese Medicine framework aligns with the biopsychosocial model, offering a holistic, evidence-based, and cost-effective strategy for musculoskeletal rehabilitation worldwide.

6.Limitations
This review has several limitations that should be considered when interpreting the findings. First, it is a narrative rather than a systematic review, and therefore does not include a formal risk-of-bias assessment or evidence grading (e.g., RoB 2, GRADE). While efforts were made to comprehensively search major databases and select high-quality trials and reviews, potential publication bias and heterogeneity in study design cannot be excluded. Second, Tuina protocols vary widely in terms of manipulation type, force, duration, frequency, and acupoint selection, which complicates direct comparisons across studies and limits the ability to establish standardized treatment parameters. Third, although mechanistic studies increasingly point to neurobiological and inflammatory pathways, direct biomarker evidence in humans (e.g., TNF-α, IL-1β, neuroimaging, sEMG) remains sparse. Fourth, adverse event reporting is inconsistent across trials, making it difficult to quantify Tuina’s safety profile beyond general observations of mild and transient side effects. Finally, many of the included clinical studies have small sample sizes, short follow-up durations, or are restricted to single centers, which reduces generalizability to broader populations. Future research should address these gaps by adopting standardized protocols, rigorous reporting frameworks, and multicentre randomized trials with biomarker endpoints to clarify Tuina’s mechanisms, safety, and long-term effectiveness.

7. List of Abbreviations：
	Abbreviation
	Full Term

	ACC
	Anterior Cingulate Cortex

	ACLR
	Anterior Cruciate Ligament Reconstruction

	ALFF
	Amplitude of Low-Frequency Fluctuations

	AMIs
	Active Motion Interventions

	BDNF
	Brain-Derived Neurotrophic Factor

	CNS
	Central Nervous System

	CNLBP
	Chronic Nonspecific Low Back Pain

	CPM
	Continuous Passive Motion

	DH
	Dorsal Horn

	DNIC
	Diffuse Noxious Inhibitory Control

	ERK
	Extracellular Signal-Regulated Kinase

	HAMD
	Hamilton Depression Rating Scale

	JOA
	Japanese Orthopedic Association Score

	KOA
	Knee Osteoarthritis

	KOOS
	Knee Injury and Osteoarthritis Outcome Score

	NCNP
	Nonspecific Chronic Neck Pain

	OA
	Osteoarthritis

	PAG
	Periaqueductal Gray

	PI3K/AKT
	Phosphatidylinositol 3-kinase/Protein kinase B pathway

	PMIs
	Passive Motion Interventions

	PPT
	Pressure Pain Threshold

	ROM
	Range of Motion

	RVM
	Rostral Ventromedial Medulla

	sEMG
	Surface Electromyography

	TCEs
	Traditional Chinese Exercises

	TCM
	Traditional Chinese Medicine

	TKA
	Total Knee Arthroplasty

	TNF-α
	Tumor Necrosis Factor alpha

	Tuina
	Chinese manual therapy (推拿)

	VAS
	Visual Analog Scale

	WOMAC
	Western Ontario and McMaster Universities Osteoarthritis Index

	IL-1β
	Interleukin-1 beta
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