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Abstract: Knee osteoarthritis (KOA) is a prevalent degenerative joint disorder that significantly compromises joint function due to the 
progressive degradation of cartilage and persistent inflammation. Acupuncture is an effective technique that has been employed in 
Traditional Chinese Medicine to treat KOA. This review aims to summarize 21 randomized controlled trials (RCTs) and mechanistic 
research to investigate acupuncture’s clinical efficacy and biological mechanisms in KOA. The literature was sourced from various 
databases, including PubMed, CNKI, and Google Scholar. Clinical data revealed that acupuncture monotherapy significantly reduces 
pain intensity (Visual Analogue Scale reductions: 32–54%) and enhances functional capacity (WOMAC score improvements: 25–40%). 
Furthermore, the combination of acupuncture with moxibustion or electroacupuncture induced synergistic improvements. Mechanistically, 
acupuncture modulates KOA pathophysiology by suppressing NF-κB-mediated pro-inflammatory cytokines, inhibiting chondrocyte 
apoptosis (caspase-3 downregulation) while activating autophagy (LC3-II/Beclin-1 upregulation), rebalancing cartilage metabolism by 
increasing aggrecan/COL2A1 synthesis and MMP-13 inhibition, as well as by attenuating pain transmission through μ-opioid receptor 
activation and central descending inhibition. These multimodal interventions position acupuncture as a dual-target treatment, mitigating 
symptoms while inhibiting structural degradation. However, despite promising evidence, further research is warranted for protocol 
standardization and long-term outcome validation. This review highlights acupuncture’s scientific legitimacy as a non-pharmacological 
approach for the integrated management of KOA, combining traditional methods with modern mechanistic insights. 
Keywords: acupuncture, electroacupuncture, knee osteoarthritis, knee osteoarthritis mechanism, Traditional Chinese Medicine

Introduction
KOA is a chronic joint disorder and the predominant form of osteoarthritis (OA), characterized by the progressive deterioration of 
articular components, including cartilage, synovium, subchondral bone, menisci, ligaments, and infrapatellar fat pad (IFP).1–5 

Epidemiological studies have indicated that KOA affects about 654 million people worldwide, specifically affecting the elderly 
population over 45 years old (30%).6 Its clinical manifestations include pain, swelling, morning stiffness, and limited functional 
activities.7 The incidence of KOA has increased annually because of an aging population and rising obesity rates.8 KOA incidence 
has been related to certain known risk factors, such as gender (more common in females), age (> 50), physical constitution, genetic 
factors, etc.7,9,10 Moreover, certain medical diseases, such as hypertension and type 2 diabetes, are significant risk factors for 
KOA.11 Its prevalence rate in women is 1.8 times that in men.12 KOA pathogenesis includes complex interactions between 
mechanical stress, low-grade inflammation, and metabolic dysregulation.13–17 The breakdown of articular cartilage, due to an 
imbalance in extracellular matrix (ECM) remodeling and inflammation, is the predominant cause of joint discomfort in patients. 
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Compared to rheumatoid arthritis (RA), the inflammation in KOA is persistent and low-grade, primarily associated with the innate 
immune system and inflammatory mediators.18 Pain is one of the main manifestations and disabling symptoms of KOA- 
associated inflammation. Pain and limited mobility can substantially promote depression and anxiety in patients.10,19 Research 
suggests that the use of antidepressants can help reduce pain sensitization in KOA patients.20 The clinical guidelines for KOA 
treatment include medication, non-drug interventions, and surgical intervention.21 Knee replacement is the predominant inter
vention for KOA; however, it is associated with significant adverse effects, including elevated costs, substantial risks, infection 
susceptibility, and postoperative prosthesis displacement. Therefore, it is recommended only for the advanced stage.6

In recent years, there has been an increasing interest in complementary and integrative therapies, such as acupuncture, 
a traditional Chinese medicine (TCM), which has garnered significant interest for its efficacy and cost-effectiveness in the 
treatment of KOA.22,23 Acupuncture can reduce inflammation, relieve pain, and improve joint function by stimulating specific 
acupoints, addressing the limitations of conventional analgesics.24 Compared with traditional analgesics and nonsteroidal anti- 
inflammatory drugs such as acetaminophen and chondroitin sulfate, different acupuncture techniques, like manual acupuncture 
(MA), electroacupuncture (EA), etc., have fewer side effects, are easy to operate, and are highly safe.25 This review summarizes 
the latest reports on KOA-associated chemical and pathological changes, as well as clinical research reports on the efficacy of 
acupuncture in treating KOA. Furthermore, the mechanisms of acupuncture in treating KOA were also reviewed from multiple 
perspectives.

Materials And Methods
Literature Search
A systematic search was carried out across PubMed and Google Scholar from 1994 to 2024 using the following keywords: 
“Acupuncture”, “Electroacupuncture”, “Moxibustion”, “Traditional Chinese Medicine”, “Knee Osteoarthritis”, and related 
terms in English. Furthermore, Boolean operators “AND”, “OR”, and “NOT” were used to refine the search (Table 1).

Study Selection and Data Extraction
The literature was screened for population, intervention, study design, outcome, etc. Then, based on screening results, the 
articles (a) on KOA, (b) explaining treatment efficacy randomized controlled trials (RCTs) on Human Subjects], (c) 
related to mechanism and other terminologies-scientific articles, etc., (d) those published between 1994 and 2024, (e) in 
English language, and (f) with complete available texts were included in this study. Furthermore, articles that did not 
meet the above inclusion criteria, which lacked results, were duplicates or retracted, had broken links, missing 
information, or lacked organization in writing, and were excluded.

Table 1 Article Search Strategy

Sl Targeted Topic Online 
Platform

Search Term/Keywords Year Other 
Fields

No. of 
Retrieval

1 Acupuncture 
Clinical Studies

PubMed (((((acupuncture[MeSH Terms]) OR (electroacupuncture 
[MeSH Terms])) OR (needle knife therapy[MeSH Terms]))) 

OR (transcutaneous needle therapy[MeSH Terms])) AND 

(knee osteoarthritis[MeSH Terms])

1999-2024 Randomized 
Clinical Trial 

(RCT)

274

Google 

Scholar

(((((acupuncture[MeSH Terms]) OR (electroacupuncture 

[MeSH Terms])) OR (needle knife therapy[MeSH Terms]))) 
OR (transcutaneous needle therapy[MeSH Terms])) AND 

(knee osteoarthritis[MeSH Terms])

1994-2024 Randomized 

Clinical Trial 
(RCT)

507

2 Mechanism of 

Different Treatment 

and Related Topic

PubMed 

Google 

Scholar 
and CNKI

((Mechanism of Treatment[MeSH Terms]) AND 

(Acupuncture[MeSH Terms])) 

((*Topic Heading)[MeSH Terms])

1994-2024 Not Applied 2037

Total Articles 2818
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Study Selection and Description
A total of 2818 articles were read, including 781 RCTs, of which 21 were selected after screening, removing duplicates, 
and reviewing titles and abstracts to explain treatment efficacy. An additional 1918 articles were acquired to evaluate the 
mechanisms and related topics (Figure 1). These selected studies, published over the last 30 years (1994–2024), analyzed 
3176 KOA patients aged 30 to 91. The selected data ensured the inclusion of the most recent findings.

Risk of Bias Assessment Results
The selected articles’ bias risk was assessed using Cochrane’s “Risk of Bias 2” Version-9 Excel tool for RCTs (Figure 2). 
The overall report is shown in Figure 2A, risk indicators are presented in Figure 2B, and the percentage of the overall 
Risk of Bias is depicted in Figure 2C.

Pathological Changes and Pathogenesis of KOA
Cartilage Degradation
The main starting feature of KOA is the breakdown of articular cartilage.26 The knee joint cartilage is a smooth, 
avascular substance that facilitates low-friction movement.27 In KOA, mechanical stress and biochemical imbalances 
destroy chondrocytes, the cells responsible for maintaining cartilage integrity.27,28

Figure 1 Article Selection Process-Flow Diagram.
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Subchondral Bone Remodeling
As cartilage degrades, the underlying subchondral bone becomes progressively exposed to mechanical stress. This results in 
alterations to the bone structure, including sclerosis (hardening), the development of osteophytes (bone spurs), and modifica
tions in bone marrow lesions.29 These changes promote joint stiffness and pain, further aggravating the degenerative process.

Synovial Inflammation
In response to cartilage damage, the synovial membrane, which lines the joint, becomes inflamed, and this inflammation 
is called synovitis.30 This chronic inflammation intensifies cartilage degradation by releasing pro-inflammatory mediators 
and degrading enzymes into the joint space.30 Synovitis is also associated with joint swelling, effusion, and increased 
pain sensitivity.31

Loss of Joint Homeostasis
In healthy joints, there is a specific homeostasis between cartilage degradation and regeneration. In KOA, this balance is 
disturbed, resulting in an increased rate of degeneration.10 Factors such as aging, genetic predisposition, mechanical 
overload (eg, obesity, malalignment, repetitive joint use), and metabolic disorders promote this imbalance, inhibiting the 
joint’s ability to repair itself.10,32

Pain and Functional Decline
With the progression of joint structural changes, KOA patients experience chronic pain, primarily due to mechanical stress on 
the bone, synovial inflammation, and nerve sensitization.10,17 The pain, together with joint stiffness and reduced range of 

Figure 2 (A) Overall Risk of Bias (Assessed by Cochrane’s RoB-2 Excel Tool, Version 9). (B) Risk of Bias Indicators. (C) Percentage of Overall Risk of Bias.
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motion, promotes functional deterioration and limited mobility, which significantly affect the quality of life.10,23 The literature 
suggests that the IFP and synovium are functionally interconnected structures in OA pathogenesis, where their inflammatory 
crosstalk may facilitate peripheral and central sensitization mechanisms that contribute to the progression of pain.33

Clinical Research Progress on Acupuncture Treatment of KOA
Evaluation Indicators
In clinical research on KOA treatment, several key indicators are commonly used to assess the efficacy and safety of acupuncture, 
including the Visual Analog Scale (VAS),34–47 Western Ontario and McMaster University Osteoarthritis Index Scale 
(WOMAC),34–44,48–53 Oxford Knee Scores Scale (OKS),39,49,54,55 Numeric Rating Scale (NRS),56,57 Knee Injury and 
Osteoarthritis Outcome Score (KOOS),58–60 Short Form Health Survey of 36 Questions (SF-36),34,35,40,44,51,61 and Arthritis 
Life Quality Measurement Scale-Simplified Scale (AIMS2-SF).43,62,63 Furthermore, some parameters such as the Beck Anxiety 
Inventory (BAI) for anxiety measurement62,64,65 are used with the Beck Depression Inventory (BDI) for depression,62,64,66 the 
Mankin score for cartilage damage assessment,67,68 and Conditioned Pain Modulation (CPM)38 for assessing the recovery and 
adaptive changes of joints under continuous passive movement, a crucial indicator of chronic pain.57,69,70 Since KOA involves 
inflammatory processes, biochemical markers of inflammation are often monitored to assess the impact of acupuncture, such as 
C-reactive protein (CRP) and Erythrocyte Sedimentation Rate (ESR).38 Pro-inflammatory cytokines, such as Interleukin (IL)-1β, 
Tumor Necrosis Factor (TNF)-α, and Interleukin-6 (IL-6), are commonly elevated in KOA and can be modulated by acupuncture 
and EA.67 Imaging techniques, including X-rays or Magnetic Resonance Imaging (MRI) scans,14 can also be employed to assess 
structural changes in the knee joint over time, such as cartilage thickness, osteophyte formation, and joint space narrowing.

Acupoint Selection for KOA
Similar to other disorders treated by TCM, KOA is alleviated by classifying the type of syndrome, which is based on the 
disease’s underlying etiologies and the patient’s distinct symptoms.71 The commonly used acupoints and acupuncture 
methods are depicted in Figure 3.

Figure 3 Local Acupoints & Acupuncture Treatment Parameters for KOA. 
Abbreviations: NM, Name of Method; DS, Duration Per Session; RS, Required Session; RD, Required Duration; SA, Special Attention.
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Commonly Used Local Acupoints
Dubi (ST35) is located just below the patella and is commonly used for knee pain, and helps to expel cold and dampness from 
the joint. Xuehai (SP10) is targeted to cool the blood and dispel heat to help alleviate inflammation and redness in the knee. 
Yanglingquan (GB34) is an essential point for musculoskeletal disorders; it helps to clear dampness and benefits the tendons 
and ligaments. Yinlingquan (SP9), Liangqiu (ST34), and Zusanli (ST36) tonify Qi and blood, strengthen the body’s defenses, 
and dispel cold and dampness. Weizhong (BL40) clears heat from the lower body and benefits the knee joint.72–75

Commonly Used Local Extra Points
Xiyan (EX-LE5), Heding (EX-LE2), and Neixiyan (EX-LE4): Located on either side of the patellar ligament. These 
points directly target the knee joint and help to unblock Qi and blood stagnation.72–74,76

Ashi Points
Ashi points refer to tender spots near the knee joint corresponding to local pain and swelling. They are frequently 
selected alongside conventional acupoints and activated to deliver immediate treatment to the impacted region.74

Distal Supporting Acupoints
Hegu (LI4) and Taichong (LV3); these two points combined are known as the “Four Gates” and regulate the flow of Qi 
and blood throughout the body, relieving pain and stagnation. Fengshi (GB 31), Waiqiu (GB 36), Xuanzhong (GB 39), 
Zulinqi (GB 41), Sanyinjiao (SP6): Strengthens the spleen, liver, and kidneys. Taixi (KI3): Tonifies the kidney, helps 
expel cold, and benefits the knees.72,73

Acupuncture Intervention Methods & Parameters
Manual Acupuncture
In MA, fine needles are inserted with the hands, often used for their analgesic and anti-inflammatory effects in treating 
joint pain. The duration of MA typically spans 20 to 30 minutes per session, with treatments administered 2 to 3 times 
weekly for 4 to 6 weeks. The frequency and length fluctuate based on the intensity of symptoms. The depth and angle of 
insertion are contingent upon the individual acupoint and the patient’s reaction. General acupuncture effectively reduces 
mild to moderate KOA-related pain and inflammation, with a shorter recovery time and fewer side effects compared to 
invasive treatments.39,42,49,51,52,54,59,61

Electroacupuncture
The EA involves inserting needles at specific acupoints and attaching them to an electrical device that generates 
continuous low-frequency electrical pulses. This approach exerts a more powerful stimulation on the neurological system 
than MA. Sessions generally last 20–40 minutes and are conducted 2–3 times per week for 4–8 weeks. The electrical 
frequency and intensity are adjustable, with 2–4 Hz being employed for chronic pain alleviation and 80–120 Hz for acute 
pain. Low-frequency, high-intensity stimulation is effective for chronic pain, while high-frequency, low-intensity 
stimulation is better suited for acute pain relief.37,38,41,46,77,78

Warm Needle Acupuncture (WNA)
This type of acupuncture involves heating mugwort (moxa) to enhance its therapeutic effects. A standard session takes 
30–40 minutes, with treatment administered 2–3 times weekly for 6–8 weeks. The heat intensity is calibrated according 
to the patient’s comfort level. Furthermore, WNA particularly benefits patients with cold-related joint pain or 
stiffness.40,79

Small Needle Knife (SNK)
The SNK is often employed in cases where scar tissue or fibrous bands restrict movement. This technique is performed in 
short sessions (10–20 minutes) and may require only 1–2 sessions for significant improvements. However, follow-up 
treatments are often necessary to maintain results. Moreover, it is significantly effective for breaking down fibrotic tissue 
and restoring mobility in severe KOA cases, especially in patients who do not respond well to conservative treatments.54
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Combination Therapy
The integration of acupuncture procedures, such as EA or WNA, with complementary therapies like cupping, bloodletting, 
and moxibustion can provide more comprehensive pain relief, reduce stiffness, and improve joint function. Furthermore, 
combining these with conventional therapies, such as physical or pharmacological interventions, could considerably improve 
outcomes, particularly for patients with advanced KOA or those unresponsive to monotherapies.42 Zhang et al, Lansdown 
et al, and Sangdee et al compared usual pharmacological non-steroidal anti-inflammatory (NSAID) drugs as Usual care with 
MA and EA. They revealed that the efficacy of MA and EA co-treatment on VAS and WOMAC, overall pain and quality of 
life scores, was higher than the usual care, where the combination with EA showed the highest efficacy.35,41,49 Zhang et al40 

further combined WNM and Usual care, and indicated a similar higher efficacy in the combined treatment group. Moreover, 
the manual therapy with electric dry needles also significantly reduced the WOMAC analysis.48 The co-treatment with 
acupuncture and Moxibustion reduces articular cartilage thickness observed in CT imaging of patients.80 This co-treatment 
down-regulated serum cyclophosphamide (CTX-I), Matrix Metalloproteinase-9 (MMP-9), Tissue Inhibitor of 
Metalloproteinase-1 (TIMP-1) levels, and MMP-9/TIMP-1 ratio. Whereas it upregulated the levels of serum Insulin-like 
Growth Factor-1 (IGF) and Bone Gamma-Carboxyglutamic Acid-Containing Protein (BGP) to regulate bone metabolism 
and improve the KOA damage in patients.80–83 Acupuncture combined with cupping and bloodletting also indicated better 
efficacy in multiple clinical studies.74,84–87 Zhuang et al88 combined acupuncture with Sodium hyaluronate intra-articular 
injection in 150 patients and found substantially reduced pain levels compared to the medicated group (p < 0.05). Certain 
clinical research indicates that the combination of acupuncture and physiotherapy could accelerate the reduction of KOA 
pain and alleviate other symptoms.30,34,81,84,89–92

Summary of Clinical Efficacy of Acupuncture Clinical Research in Treating KOA
The review of the selected studies revealed that patients receiving acupuncture experienced significant pain relief compared to 
those receiving sham acupuncture or standard care.34–46 The most frequently utilized clinical outcome measure, VAS with NRS, 
which assesses pain on a 0–10 range, has demonstrated a significant reduction of 2–4 points on the pain scale after combining 
traditional treatment with acupuncture.34–46 Furthermore, WOMAC, comprising multiple subscales to measure related clinical 
outcomes such as assessing pain, stiffness, and physical function, also indicated similar findings.34–44,48–52 In WOMAC, 
acupuncture has been linked with improvements in joint mobility and function, particularly in chronic KOA patients.93 

Figure 3 illustrates the application parameters of different acupuncture methods. This review summarizes the characteristics 
of all selected clinical studies and the clinical efficacies by integrating the changes in parameters employed to assess clinical 
outcomes of acupuncture treatment for KOA (Table 2).

Table 2 Characteristics and Summery Results of Selected Clinical Studies

No., Study 
(Year)[Ref.]

Sample 
Size (n) 
Patients 
(Male)

Patient 
Age Yrs

Intervention Groups 
(Compared)

Duration of 
Treatment 
(Sessions: 
Weeks)

Evaluation 
Parameters

Changes in Evaluation Parameters By 
Intervention Parameter: Baseline to 
Post Treatment Changes (P Value)

Overall 
Risk of 

Bias

1. Atalay SG. 

et al, 202134

KOA 100 

(63)

38-80 A PhysioT. 12:>6 VAS, 

WOMAC, 

SF-36, 

HRQoL

VAS: 8.32 ± 1.61 to 5.54 ± 2.34 (P<0.05) 

WOMAC: 63.8 ± 20.81 to 53.72 ± 19.43 

(P<0.05) 

SF36: 31.5 ± 19.2 to 35.3 ± 19.55 (P<0.05) 

HRQoL: 47 ± 18.07 to 52.8 ± 19.77 (P<0.05)

Low

2. Berman BM. 

et al, 199952

KOA 73 

(29)

55-75 A UC 16:08 WOMAC, 

Lequesne 

indices

WOMAC: 48.69±16.23 to 33.36±17.66 

(P<0.001) 

L. Ind.: 11.81 ± 3.47 to 20.27 ± 3.85 

(P<0.001) 

Note: 0 to 2 weak results.

Low

(Continued)
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Table 2 (Continued). 

No., Study 
(Year)[Ref.]

Sample 
Size (n) 
Patients 
(Male)

Patient 
Age Yrs

Intervention Groups 
(Compared)

Duration of 
Treatment 
(Sessions: 
Weeks)

Evaluation 
Parameters

Changes in Evaluation Parameters By 
Intervention Parameter: Baseline to 
Post Treatment Changes (P Value)

Overall 
Risk of 

Bias

3. Berman BM. 

et al, 200451

KOA 570 

(205)

57-73 A CG 

(Education)

23:26 WOMAC, 

PtGA, 6m- 

WD, SF-36

WOMAC: 8.92 ± 3.42 * (−2.22 ± 0.24) 

(P>0.02) 

PtGA: 2.95 ± 0.97 * (0.13 ± 0.07) (P>0.02) 

6mWD: 1150 ± 327 *64.1 ± 18.0 (P>0.02) 

SF36: 48.69 ± 20.44 *9.2 ± 1.4 (P>0.02) 

Note: *Mean difference or changes after 4 

weak.

Low

4. Chen X. et al, 

201459

KOA 30 

(17)

40-70 A HD (6 AP) LD A (2 AP) 

Vs HD SA (6 

AP)

06:04 KOOS KOOS: 56 ± 14 to 70 ± 16 (P<0.05) Some 

Concerns

5. Chen X. et al, 

201558

KOA 30 

(17)

50-66 A HD A LD Vs SA 06:04 KOOS, KOOS Pain: 59 ± 13 to 70 ± 16 (P<0.07) 

KOOS QoL: 42 ± 17 to 44 ± 20 (P<0.07)

Some 

Concerns

6. Ding Y. et al, 

201646

KOA 60 

(10)

42-69 Acupotomy EA AT-3/EA-15:03 ADL, HSS, 

VAS, Knee 

joint’s ITID

ADL: 90.00% (P<0.05) 

HSS: 58±5 to 86±5 (P<0.00) 

VAS: 5.1±1.1 to 2.1±1.7 (P<0.00) 

ITID: 0.81±0.21 to 0.32±0.12 (P<0.00)

Low

7. Dunning 

J. et al, 201848

KOA 242 

(121)

44-71 EDN MT Vs 

Exercise

8–10:06 WOMAC 

OA Index 3 

Months

WOMAC: 8.7 ± 3.2 to 5.4 ± 3.2 (P<0.001) Low

8. Fu J. et al, 

202044

KOA 301 

(43)

51-65 MCNT A 20:07 WOMAC, 

LKS, JOA, 

VAS, SF-36

WOMAC: 34 (25, 45) to 9 (5, 14) (P<0.008) 

LKS: 59 (50, 66) to 78 (69, 85) (P<0.791) 

JOA: 75 (70, 85) to 90 (85, 95) (P<0.648) 

VAS: 56.1 ± 16.6 to 30 (17, 40) (P<0.115) 

SF36: 455.5 (336.3, 569.7) to 536.7 (454, 

636) (P<0.816)

Low

9. Ho KK. et al, 

202143

KOA 76 

(21)

59-75 THP Application 

HT at AP

08:04 VAS, MP, 

Knee ROM, 

WOMAC, 

SF-12v2.

VAS: 4.27 ± 2.15 to 3.85 ± 1.80 (P<0.46) 

MP: 4.67 ± 0.37 to 4.68 ± 0.41 (P<0.97) 

KROM-FLEXION: 

110.05±14.58 to 119.50±11.01 (P<0.02) 

WOMAC: 48.39 ± 16.06 to 47.55 ± 13.74 

(P<0.84) 

SF12v2: 30.20 ± 8.65 to 30.38 ± 4.76 

(P<0.92)

Low

10. Lansdown 

H. et al, 200949

KOA 30 

(18)

55-72 A + UC UC 10:01 WOMAC, 

OKS, SF36 

V-2, EQ-5D

WOMAC: 7.33 ± 2.82 to 3.6 ± 2.92 (P<0.05) 

OKS: 30.6 ± 9.30 to 23.07 ± 6.54 (P<0.05) 

SF36V2: 67.27 ± 16.95 to 71.33 ± 18.62 

(P<0.05) 

EQ-5D: 0.61 ± 0.24 to 0.71 ± 0.26 (P<0.05)

Low

11. Lv ZT et al, 

201938

KOA 301 

(78)

52-75 EA (Strong 

EA)

Weak EA Vs 

Sham EA

10:05 VAS, CPM 

function, 

WOMAC

VAS: − 1.34 ± 0.10 to − 2.97 ± 0.10 (P<0.01) 

CPM: 0.64 ± 0.16 to 14.85 ± 0.16 (P<0.01) 

WOMAC: −13.03±0.56 to −20.92±0.56 

(P<0.01)

Low

12. Qi L. et al, 

201637

KOA 132 

(30)

51-69 EA (2 AP 

Group)

4 AP Vs 6 AP 

Group

10:05 VAS, 

WOMAC, 

SAQ

VAS: 9.14 ± 1.21 to 6.42 ± 1.42 (P<0.05) 

WOMAC: 59.24 ± 6.61 to 31.93 ± 6.52 

(P<0.05) 

SAQ: Effective Rate 0.80% (P<0.426)

Some 

Concerns

13. Sánchez- 

Romero EA. 

et al, 201856

KOA 20 

(8)

68-75 DN-Exercise Sham-DN + 

Exercise

DN- 06:06 

Sham DN 

24:12

NRS, 

WOMAC

NRS: 6.27 ± 2.10 to 2.55 ± 2.20 (P<0.05) 

WOMAC: 6.82 ± 2.31 to 2.82 ± 1.99 

(P<0.05)

Some 

Concerns

(Continued)
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Basic Research Progress in The Mechanism of Acupuncture Treatment of 
KOA
Immune Perspective
Reduction of Inflammatory Response
Acupuncture can regulate the activity of immune cells, such as regulatory T cells, inhibit overactive immune responses, 
and reduce inflammatory damage to joints.94 Immune repertoire sequencing technology has been employed to analyze the 
diversity of peripheral blood T cell receptors in KOA patients and the gene expression of peripheral blood neutrophils in 

Table 2 (Continued). 

No., Study 
(Year)[Ref.]

Sample 
Size (n) 
Patients 
(Male)

Patient 
Age Yrs

Intervention Groups 
(Compared)

Duration of 
Treatment 
(Sessions: 
Weeks)

Evaluation 
Parameters

Changes in Evaluation Parameters By 
Intervention Parameter: Baseline to 
Post Treatment Changes (P Value)

Overall 
Risk of 

Bias

14. Sangdee 

C. et al, 200241

KOA 193 

(43)

55-71 EA Diclofenac Vs 

Combined Vs 

SA

12:04 VAS, 

WOMAC, 

LFI, 50-f-WT

VAS: 66.87 ± 22.34 * (−48.24 ± 3.59) 

(P<0.05) 

WOMAC: 10.25 ± 3.86 * (−5.65 ± 0.59) 

(P<0.05) 

LFI: 14.14 ± 2.98 * (−6.44 ± 0.59) (P<0.05) 

50fWT: 24.54 ± 8.14 * (−4.41 ± 0.70) Not 

Significant 

Note: *Mean differences or changes after 4 

weak.

Some 

Concerns

15. Tu JF. et al, 

202175

KOA 480 

(106)

55-70 EA MA Vs SA 24:08 Response 

Rate (RR)

RR: 60.3% (91 of 151) (P<0.0234) Low

16. Tzeng CY. 

et al, 201578

TKA 47 

(11)

59-84 EA UC Vs SA 02:01 MWT, KWT MWT: 34.1±22.0 min to 92.0±82.7 min 

(P<0.001) KWT: Numerical Data not 

Presented.

Low

17. Vas J. et al, 

200442

KOA 97 

(33)

45-91 A + 

Diclofenac

SA + 

Diclofenac

12:12 VAS, 

WOMAC, 

PQLC

WOMAC: 57.1 ± 16.3) to 9.5 ± 13.7 

(P<0.001) 

VAS: 58.9 ± 11.2) to 10.6 ± 10.8 (P<0.001) 

PQLC: 2.1 ± 0.6) to 2.8 ± 0.7 (P<0.021)

Low

18. Williamson 

L. et al, 200739

KOA 181 

(84)

62-79 A PT Vs CG 

(Advice)

06:06 OKS, 

WOMAC, 

VAS, HAD, 

50-m WD

OKS: 40.2 ± 7.65 to 36.8 ± 7.20 (P<0.0497) 

WOMAC: 50.9 ± 15.7 to 48.25 ± 13.5 

(P<0.0497) 

VAS: 7.25 ± 2.46 to 6.4 ± 2.54 (P<0.0497) 

HAD: A: 7.25 ± 4.27 to 6.45 ± 4.52 

(P<0.0497) 

HAD: D: 7.1 ± 3.16 to 6.8 ± 3.32 (P<0.0497) 

50m WD: 57.2 ± 19.4 to 54.9 ± 17.0 

(P<0.0965) 

Note: At 7th Weak Result

Low

19. Woo SH. 

et al, 202236

KOA 40 

(7)

56-75 TEA A 6 and 12:06 VAS, SF- 

MPQ, 

WOMAC

VAS: 5.21 ± 1.30 to 4.96 ± 1.29 (P<0.01) 

WOMAC: 36.50 ± 15.74 to 33.90 ± 18.64 

(P<0.01) 

SF MPQ: 11.95 ± 5.63 to 10.40 ± 6.00 

(P<0.01)

Low

20. Zhang 

L. et al, 201935

KOA 90 

(47)

48-62 A + UC UC Vs EA + 

UC

14:02 VAS, 

WOMAC, 

AQoL-SF36

VAS: Pain Decreased Significantly (P<0.05) 

WOMAC: Pain Improved Significantly 

(P<0.05) 

SF36: 173±57 to 300±68, 387±94 (P<0.05)

Some 

Concerns

21. Zhu J. et al, 

202054

KOA 83 

(13)

60-63 SNK CG (CCXB- 

200mg)

SNK-1-3:1.5 

CG-200mg 

CCXB:03

OKS, Gait 

speed- 

Kinematics

OKS: 38.38 ± 0.70 to 21.94 ± 1.23 (P<0.019) 

GSK: 98.52 ± 2.04 to 109.34 ± 1.58 (P<0.05)

Low
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mild to moderate KOA patients before and after 8 weeks of EA treatment. The results revealed that EA treatment reduced 
the serum proinflammatory factors IL-8 and IL-18, along with MMP-3 and MMP-13. Furthermore, Transcriptomics 
analysis indicated that after EA treatment, the expression of Chemokine (C-X-C motif) Ligand 2 (CXCL2), Interferon 
Regulatory Factor 8 (IRF8), and Platelet Endothelial Aggregation Receptor 1 (PEAR1) was downregulated, suggesting 
that it improves the inflammatory response of KOA by regulating T-cell homeostasis.94 The aggregation of M1 
macrophages in joints and synovium accelerates KOA, and inducing M2 macrophages to secrete IL-4 and IL-10 can 
improve symptoms.95 Fire needle therapy alleviates symptoms in individuals with mild to moderate KOA and reduces 
the serum concentrations of IL-1α and MMP-3.96,97 Moreover, this treatment down-regulated the expression of F4/80 and 
M1 macrophage marker Cluster of Differentiation 86 (CD86), whereas it up-regulated the M2 macrophage marker 
CD206. It alleviated synovial injury and pain in KOA mice induced by monosodium iodoacetate (MIA), indicating that 
fire needle treatment can modify the transformation of macrophages from M1 to M2 in KOA patients.98 M2-type 
polarization increases the expression of Arginase 1 (ARG1), CD206, and IL-4. A study revealed that a 2 week Tug-of- 
war acupuncture (BHZF)99 treatment alleviated KOA rabbits’ joint pain and swelling, reduced CD86-positive cells, 
decreased ARG1 levels in cartilage, increased synovium, inhibited IL-1β and TNF-α in serum and synovium, and 
elevated the anti-inflammatory factors IL-4 and IL-10, suggesting that acupuncture improves cartilage tissue damage by 
regulating the imbalance of macrophage polarization.26 Xu et al100 treated KOA mice with nanomedicine lidocaine to 
acupuncture (nd-Acu) for 28 consecutive days. Their histological analysis revealed reduced cartilage damage, synovial 
inflammation, and pro-inflammatory factor IL-1β in the joint cavity. It was inferred that the underlying mechanism 
involved reducing pain and inflammation by inhibiting the macrophage High Mobility Group Box 1/ Toll-like Receptor 4 
(HMGB1/TLR4) signaling pathway.

Acupuncture can regulate inflammatory signaling pathways and cytokine levels, reduce the expression of pro- 
inflammatory factors, increase anti-inflammatory factors, and promote the balance of the local microenvironment.101 

Acupuncture modulates inflammatory signaling pathways to reduce pro-inflammatory factor release. For example, EA inhibits 
the TLR4/MyD88/NF-κB pathway in synovium, suppressing downstream inflammatory cascades.102 Under physiological 
conditions, MMPs play a wound healing role, while when joints are damaged and mechanically stressed, they enhance matrix 
decomposition via proinflammatory factors. MMPs impact chondrocytes, synovial cells, joints, surrounding tissues, and 
immune cells. They are involved in KOA initiation and progression; therefore, their targeted inhibition can treat KOA.103 EA 
inhibits the activation of mitogen-activated protein kinase (MAPK) in articular cartilage in KOA by reducing MMP13, 
therefore preventing articular cartilage degeneration.104 The NF-κB signaling pathway plays a dual role in KOA. It maintains 
and modulates the homeostasis of chondrocytes and tissues, and may also be activated by inflammatory mediators in KOA to 
exacerbate destruction.105 Needle knife delays pain and joint mobility in moderate KOA rabbits, inhibits integrin ITG-β1 and 
MMP13 through the Focal Adhesion Kinase- p38 Mitogen-Activated Protein Kinase (FAK-p38MAPK) pathway, and retains 
Type II Collagen (Col-II) expression.106 Ras-Raf-mitogen-activated protein kinase (MEK) 1/2-extracellular signal-regulated 
kinase (ERK) 1/2 promotes MMP release and accelerates cartilage degradation.107 In a study, the serum of EA-treated OA rats 
was used to inhibit TNF-α-treated chondrocytes. It was found that the protein expression levels of Ras-Raf-MEK1/2 were 
reduced in the EA-treated group, and the phosphorylation of RK1/2 and the expression of downstream regulatory factors 
MMP-3 and MMP-13 were reduced.108

Inflammatory mediators generated by the synovial inflammatory response are essentially involved in KOA 
pathogenesis.103,109 TNF-α is a key inflammatory mediator in KOA pathogenesis, which can directly prevent the synthesis of 
cartilage matrix collagen and proteoglycans, increasing matrix degradation, and initiating the early inflammatory cascade of 
KOA. Shi et al110 found that after 8 weeks of EA and MA treatment, knee pain and swelling symptoms were alleviated, serum 
inflammatory factors TNF-α, IL-1β, IL-13, and cartilage degradation biomarkers MMP-3 and MMP-13 were reduced, and anti- 
inflammatory cytokine IL-13 was upregulated in patients with mild to moderate KOA. Compared with MA, the reduction of 
TNF-α in the EA group was more significant. Inflammatory mediators, including IL-1 and IL-6, can directly enhance the 
expression of MMPs and accelerate ECM degradation. In-vivo studies have demonstrated that EA treatment to the nose and inner 
knee eye points of New Zealand white rabbit calves decreases IL-1β, TNF-α, and MMP-3 via the NF-κB signaling pathway, 
considerably enhances the structural organization of cartilage, and mitigates cartilage degeneration.111 Fire needle treatment 
significantly improves symptoms in patients with mild and moderate KOA and reduces serum IL-1α and MMP-3 levels.96,97 
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Moreover, EA at ST36 and GB34 mitigates lipid metabolism disorders in diet-induced obesity-mediated OA rats, suppresses 
MMP-1 and MMP-13 levels in rat cartilage, preserves cartilage integrity, decreases inflammatory cytokines in serum and 
synovium, and enhances the relative abundance of advantageous intestinal microorganisms such as lactic acid bacteria.112

Overall, these data showed that acupuncture regulates inflammatory cells and factors through multiple pathways. It 
can inhibit the activation and aggregation of inflammatory cells, diminish their infiltration and destruction of joint tissues, 
lower the expression levels of inflammatory factors, and mitigate inflammatory reactions.

Oxidative Stress Management
Oxidative stress arises from an imbalance between the generation of Reactive Oxygen Species (ROS) and the antioxidant 
defense system, which becomes compromised due to exposure to harmful stimuli, resulting in cellular damage, tissue 
deterioration, and chronic inflammation.113 ROS can directly damage articular chondrocytes, leading to chondrocyte apoptosis 
and cartilage matrix degradation. Oxidative stress includes certain factors such as Nuclear factor erythroid 2-related factor 2 
(NRF2), Peroxiredoxin 1 (PRDX1), superoxide dismutase (SOD) enzyme, and glutathione peroxidase (GSH-Px), and the 
absence of NRF2 can aggravate KOA.32 Angiogenesis and inflammation are involved in KOA initiation and development. 
The literature suggests that EA significantly increases the antioxidant gene transcript SOD2 in KOA guinea pigs.114 Following 
21 days of WNA of MIA-induced KOA mice, knee joint swelling and cartilage degradation were reduced, SOD2-positive 
cells were increased, while NOX2 and IL-1β-positive cells were decreased. The therapeutic impact was improved compared to 
that of standard acupuncture or moxibustion, indicating that WNA enhances KOA function by mitigating oxidative stress and 
inflammation.115 Ding et al116 used optical resolution photoacoustic microscopy (OR-PAM) to dynamically observe the 
structural changes of microcirculation at ST36 and Yanglingquan (GB34) acupoints and non-acupoints of MIA-induced KOA 
mice on days 0, 7, and 21. The findings indicated no substantial difference in microvascular density and vascular distribution, 
implying that structural alterations in microcirculation transpire after functional changes.

Vascular Endothelial Growth Factor (VEGF) is an angiogenic factor that can increase vascular permeability and 
promote angiogenesis.117 Increased Hypoxia-Inducible Factor-1α (HIF-1α) in the synovium leads to chronic synovitis.118 

Deoxyhemoglobin (DHb) is inversely proportional to local blood oxygen partial pressure. Acupotomy decreases intra- 
articular pressure, enhances the hypoxic conditions of the synovium, downregulates HIF-1α activity and VEGF produc
tion, and mitigates inflammation and angiogenesis in KOA rabbits.119 EA restored the synovial microcirculation and 
oxygen partial pressure of hypoxia-induced KOA rabbits, slowed the degradation rate of glycolytic enzymes glucose 
transporter 1 (GLUT1), pyruvate kinase M2 (PKM2), and lactate dehydrogenase A (LDHA), as well as reduced lactate 
levels.120 Acupuncture attains its therapeutic effect by stimulating the antioxidant enzyme system, enhancing the synovial 
vascular milieu, and suppressing the expression of inflammatory factors.

Cellular Apoptosis
Chondrocyte apoptosis is the programmed death of cartilage cells, which is a crucial process in KOA pathogenesis, 
encompassing apoptosis, pyroptosis, ferroptosis, and other modalities, with the release of inflammatory agents associated 
with these processes. MAPK participates in apoptosis, with the p38MAPK signaling pathway being a subtype that 
influences MMP activity and induces matrix degradation.121 Another pathway involved in apoptosis is B-cell lymphoma- 
2 (Bcl-2) and Bcl-2 Associated X Protein (Bax), Cysteine Aspartic Acid Protease-3 (Caspase-3) in the mitochondria- 
related signaling pathway. Effective inhibition of chondrocyte apoptosis is the key to treating KOA.122,123 NOD-like 
receptor protein 3 (NLRP3) is present in the synovium of KOA. It triggers the NF-κB signaling pathway by identifying 
damage-associated molecular patterns (DAMPs), initiates innate immunity, and results in synovitis.124 EA treatment 
alleviates mechanical pain in OA guinea pigs, inhibits NLRP3 activation in cartilage tissue, and reduces the protein 
expression levels of caspase-1 and IL-1.125

GTPase (cdc42) can promote apoptosis in chondrocytes, while nd-Acu demonstrates anti-inflammatory properties by 
blocking GTPase-associated pathways.100 MiR-214 can inhibit KOA-induced inflammation by disrupting NF-κB signal 
transduction.126 Transient Receptor Potential Vanilloid 4 (TRPV4) participates in the mechanical hyperalgesia of 
chondrocytes and is a target gene of miR-214.127 Bax is an apoptosis factor that accelerates cell apoptosis by increasing 
mitochondrial membrane permeability and promoting the release of cytochrome C (Cyt-C).128 EA treatment alleviated 
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mechanical pain in KOA rats, enhanced the expression of microRNA-214 (miR-214) in rat chondrocytes, and decreased 
the levels of BAX, thus facilitating chondrocyte apoptosis, and TRPV4, which enhances nociception, indicating that EA 
protects the joints by inhibiting chondrocyte apoptosis.129 Lin et al130 showed that EA could inhibit chondrocyte 
apoptosis in OA rats induced by sodium nitroprusside (SNP). Compared with the SNP group, the EA group inhibited 
the decrease of chondrocyte mitochondrial membrane potential, increased Bcl-2 expression, and reduced Bax, 
Cytochrome C (Cyt-C), Caspase-9, and Caspase-3 expression, suggesting that EA inhibited chondrocyte apoptosis via 
the mitochondrial pathway. MMP-13, a crucial downstream component of the Wnt/β-catenin signaling pathway, is the 
most potent type II collagen-degrading enzyme among the known MMPs. Its overexpression can lead to cartilage 
degradation, whereas the stimulation of the Wnt/β-catenin signaling pathway can influence chondrocyte apoptosis. EA 
improves the cartilage morphology and structure of KOA rats, reduces MMP-13 and IL-1β levels through the Wnt/β- 
catenin signaling pathway, and inhibits chondrocyte apoptosis.131

Pyroptosis is an inflammatory cell death mediated by Caspase-1 activity, and Gasdermin D (GSDMD) is the effector of 
pyroptosis.132 The literature has indicated that EA papain-induced treatment of the inner knee and Ashi points of KOA rats 
significantly improved knee joint dysfunction and downregulated NLRP3, apoptosis-associated speck-like protein (ASC), 
Caspase-1, GSDMD, and IL-1 in synovial tissue, suggesting that EA inhibits inflammatory response by reducing cell 
pyroptosis in synovial tissue.67

Ferroptosis is a novel mechanism of chondrocyte death induced by iron accumulation, lipid peroxidation, and plasma 
membrane impairment. Chondrocyte ferroptosis is associated with matrix deterioration. Heat Shock Protein A5/Glutathione 
Peroxidase 4 (HSPA5/GPX4) is linked to the ferroptosis pathway.133 COL-II is an essential protein that constitutes articular 
cartilage. Iron overload inhibits COL-II levels and increases MMP expression through ROS production and mitochondrial 
dysfunction.134 Acupuncture knife therapy treats KOA by loosening soft tissues such as muscles and fascia. In comparison to 
KOA model rabbits, the acupuncture knife group exhibited elevated expression levels of HSPA5, GPX4, and COL-II mRNA 
and proteins, whereas the mRNA and protein expression of MMP3 and MMP13 was decreased, suggesting that the 
acupuncture knife enhances chondrocyte survival by inhibiting ferroptosis.135 Studies have shown that promoting chondrocyte 
proliferation can prevent and treat KOA. Inhibition of the PI3K/Akt pathway dysregulates proliferation and apoptosis.136 Akt 
is an upstream regulator of GSK3β. Acupuncture combined with adipose-derived stem cells (ASCs) enhances the GSK3β- 
cyclin D1-CDK4/CDK6 pathway to mitigate cartilage degeneration.90

Overall, the aforementioned results indicate that acupuncture can suppress aberrant cell apoptosis, mitigate the loss of 
articular chondrocytes and ferroptosis, and preserve the normal structure and function of joint tissue.

Dual-Directional Regulation of Autophagy in Cells
Autophagy plays a protective role by removing damaged proteins and organelles in chondrocytes, thus maintaining 
cellular function and integrity.137 It has been shown that moderate autophagy can restore the function of damaged 
cells.138 Putative kinase protein 1 (PINK1) is a serine kinase that specifically targets mitochondria. Pink1-Parkin interacts 
with the autophagy protein LC3 to initiate mitochondrial autophagy, mitigate mitochondrial damage, decrease oxidative 
stress in chondrocytes, and enhance chondrocyte survival.139 Under chronic oxidative stress, inflammation, or mechanical 
injury, autophagy may become dysregulated. Insufficient autophagy promotes the accumulation of damaged cellular 
components, leading to chondrocyte apoptosis, ECM degradation, and KOA progression. However, excessive autophagy 
can induce autophagic cell death, exacerbating the loss of chondrocytes and further cartilage breakdown.140–142 

Acupuncture intervention in KOA rabbits also promotes mitochondrial autophagy by regulating the PINK1/Parkin 
pathway and improves cartilage damage in KOA rabbits.143 Acupuncture delays cell autophagy by promoting AMPK 
(AMP-activated protein kinase) activation, which stimulates autophagy by inhibiting mTOR (mechanistic target of 
rapamycin), a primary negative regulator of autophagy.142 Furthermore, Acupuncture attenuates autophagic activity in 
conditions where increased autophagy is harmful by regulating inflammatory pathways such as the PI3K/Akt/mTOR 
pathway, inhibiting autophagic cell death, preventing chondrocyte death, and maintaining cartilage health.142,144
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Acupuncture Delays Cell Senescence
Cell senescence is a process wherein cells undergo a series of physiological and biochemical alterations, leading to 
functional deterioration and reduced proliferative capacity. Epigenetics primarily includes DNA methylation, non-coding 
RNA, and histone tail modifications. Recent research indicates that epigenetics is linked with KOA development.145 

miR-146a and miR-140-5p are two microRNAs that play a protective role in OA and delay chondrocyte aging.146 It has 
been observed that EA alleviates cartilage damage in OA rats and upregulates miR-146a and miR-140-5p levels in rat 
cartilage and synovial tissue. Furthermore, EA reduces the expression of methylation-related proteins DNA methyl
transferase 1 (DNMT1), DNMT3a and DNMT3b, as well as NF-κB and cartilage tissue transcription activator 3 
(SMAD3) in synovial tissue.147 The ratio of osteoprotegerin (OPG) to receptor activator of nuclear factor-κB ligand 
(RANKL) reflects osteoclast activity.148 Acupuncture enhances cartilage remodeling in KOA rabbits by suppressing the 
production of OPG mRNA, protein, and/or RANKL. In comparison to the EA group, acupuncture exerts a more 
pronounced inhibitory effect on cartilage thickening, which is associated with the distinct mechanical stimulation of 
EA.149 Bone morphogenetic protein 2-Smad1 (BMP2) participates in bone metabolism and promotes the formation of 
chondrocytes. In rabbits, acupuncture treated early cartilage degeneration by upregulating factors related to the BMP2- 
Smad1 pathway in subchondral bone, indicating that acupuncture can restore the mechanical properties of cartilage.29 

Moreover, acupotomy mitigates chondrocyte premature senescence in KOA through mechanotransduction-mediated 
YAP/FOXD1 axis regulation. Mechanistic studies have revealed that acupotomy-generated mechanical stimulation 
stimulates Yes-associated protein (YAP), a core effector of the Hippo pathway. Nuclear translocation of YAP transcrip
tionally upregulates Forkhead box D1 (FOXD1), which subsequently represses key senescence markers (p16 (INK4a) 
and p21 (Cip1/Waf1)) in chondrocytes. This cascade prevents cell cycle arrest and reduces the senescence-associated 
secretory phenotype (SASP). Simultaneously, FOXD1 might promote ECM anabolism while inhibiting catabolic 
processes, thus maintaining cartilage homeostasis.150 The aforementioned research shows that acupuncture restores 
cartilage tissue by influencing the physiological condition of chondrocytes, thus maintaining their activity (Figure 4).

Nervous System Perspective
Acupuncture Regulates Peripheral Sensitization and Reduces Pain
Signs of effusion/synovitis may correlate positively with signs of neuropathic-like pain and pain sensitivity.151 The 
analgesic effect of acupuncture results from the interaction between β-endorphins and endogenous opioid receptors.152 

Ahsin S et al153 compared the symptoms in 40 chronic pain KOA patients after 10 days of EA treatment. They observed 
significant improvements in the patients’ WOMAC index and VAS scores, as well as a significant increase in plasma 
beta-endorphin levels and a decrease in plasma cortisol levels. Acupuncture modulates pain by regulating the hypotha
lamic-pituitary-adrenal axis (HPA). The activation of the HPA system releases the hormone plasma cortisol. Javier et al 
used the Goldberg Anxiety and Depression Scale to assess depression and anxiety caused by KOA pain.154 Collagenase- 
induced OA thermal pain and mechanical hyperalgesia in rats can be alleviated by EA, with a higher effect observed at 
2Hz compared to 100Hz. The analgesic effect of 2Hz EA is inhibited by serotonin receptors HT1A and 5, with partial 
reversal by HT3 receptor antagonists.155 The Nerve Growth Factor (NGF) and the Monocyte Chemotactic Protein-1/ 
C-C Chemokine Receptor 2 (MCP1/CCR2) axis play a role in the transduction of peripheral pain in KOA. The MCP1/ 
CCR2 axis activation recruits macrophages to the site of damage. The release of IL-6, IL-1β, and TNF-α by macrophages 
induces synovial inflammation and the synthesis of NGF in tissues.156 Acupuncture can alleviate OA rats’ pain and 
cartilage damage induced by right knee anterior cruciate ligament amputation by inhibiting the MCP1/CCR2 axis and 
reducing NGF in synovial tissue.2 Subcutaneous acupuncture (FSN) stimulates the subcutaneous region to alleviate soft 
tissue injury. Furthermore, it can alleviate peripheral soft tissue pain in KOA individuals.157 Muscle pain resulting from 
KOA is attributed to stiffness or tightness induced by localized muscular ischemia or hypoxia. FSN can alleviate muscle 
stiffness, diminish discomfort, and improve knee joint function.158 Yang et al159 employed shear wave elastography and 
near-infrared spectroscopy (NIRS) to measure blood flow and oxygenation in KOA patients and found that FSN 
significantly relieved pain and increased oxyhemoglobin (O2Hb), deoxygenated hemoglobin (HHb), total hemoglobin 
(THb), and tissue saturation index (TSI). This suggests that FSN relieves pain by relaxing skeletal muscles and 
alleviating the compression of peripheral blood flow. Sensory nerves and sympathetic nerves innervate the knee joint, 
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and neurotransmitters modulate cartilage metabolism.160 EA inhibits the release of noradrenergic neurotransmitters from 
sympathetic nerves and inhibits the growth of monocytes and macrophages in the gliding joints.161 Complement 
component 3 (C3) is a constituent of the complement system that has a role in innate immunity. Prostaglandin E2 
(PGE2) serves as a mediator in the inflammatory pain response. After 2 weeks of EA treatment, KOA guinea pigs 
indicated significant improvement in the activity and gait, as well as reduced serum inflammation marker C3. However, 
there was no significant difference in PGE2 levels, indicating that EA reduces PGE2 levels for a short time.114 

Figure 4 Mechanism of Acupuncture to Reduce Inflammation in KOA. 
Notes: Acupuncture promotes the polarization of macrophages from pro-inflammatory M1 type to anti-inflammatory M2 type, which inhibits inflammatory pathways such 
as NF-κB, Notch, and p38MAPK, reduces the pro-inflammatory cytokines secretion (such as IL-1β, IL-6, and TNF-α), and increases anti-inflammatory factors (such as IL-10). 
This reduces the expression of MMP3 and MMP13, delaying the degradation and destruction of cartilage tissue. Acupuncture increases the activity of the antioxidant enzyme 
system, such as SOD2, which can effectively remove free radicals, reduce oxidative stress damage, restore the oxidation-antioxidant balance in joints, and alleviate the 
destruction of joint tissue caused by inflammation. Further, Acupuncture maintains mitochondrial function, elevates ATP and mtDNA levels, obstructs the caspase-mediated 
apoptotic cascade by blocking Wnt/β-catenin and other pathways, and inhibits the apoptosis and mortality of articular chondrocytes. Acupuncture also induces moderate 
autophagy by activating the Pink1-Parkin signaling pathway, maintaining mitochondrial morphology, and enhancing the inflammatory stress response. Moreover, it increases 
microRNA expression, inhibits chondrocyte senescence-related signaling pathways, such as p53-p21 and p16-Rb pathways, and reduces the production of aging-related 
secretory phenotypes. Created in BioRender. Dwad, D (2025) https://BioRender.com/y94k592.
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Acupuncture can regulate multiple aspects of peripheral sensitization. Furthermore, it can inhibit the over-excitation of 
nociceptors and reduce the generation and transmission of pain signals. Moreover, it can modulate the release of 
neurotransmitters by reducing nociceptive neurotransmitter levels and enhancing the secretion of endogenous analgesic 
chemicals, thus alleviating pain resulting from peripheral sensitization.

Acupuncture Regulates Central Sensitization and Reduces Pain
Acupuncture regulates central sensitization through multiple pathways. It can influence neuronal activity, suppress hyper
active neurons, and decrease the transmission and processing of pain signals inside the central nervous system (CNS). 
Moreover, acupuncture may modulate the release of neurotransmitters and neuromodulators, which inhibits the secretion of 
pro-nociceptive neurotransmitters and enhances the creation of endogenous analgesics to alleviate pain resulting from central 
sensitization. Functional brain imaging shows that plastic changes in brain structure and function play a role in pain and 
emotion in KOA.162 KOA induces alterations in joint structures and neuronal plasticity within brain regions associated with 
pain perception. In a study, rs-fMRI was employed to assess the cerebral structures of KOA and healthy individuals, which 
showed that the gray matter reduced volume of the insula, parietal lobe, cingulate cortex, hippocampus, visual cortex, 
temporal lobe, prefrontal cortex, and basal ganglia in KOA patients.163 EA inhibits peripheral inflammatory responses through 
peripheral opioid peptide mechanisms and activation of the HPA axis. In animal pain models, low-frequency EA stimulates the 
release of endorphins and enkephalins, whereas its high-frequency stimulates the release of dynorphins.164 It has been 
observed that chronic pain KOA patients have abnormal dorsolateral PFC (dlPFC) activity, FC dysregulation, or even 
destruction.165,166 Acupuncture can induce alterations in cerebral activity and modulate pain processing-related regions, 
including the rFPN, rACC, insula, and the descending pain modulation system (DPMS), whereas neural markers in the brain 
can indicate pain perception.167 After acupuncture, the cortical thickness of the left medial prefrontal cortex (pMPFC) of KOA 
patients increased. Furthermore, the resting-state functional connectivity (rsFC) between the pMPFC and the anterior 
cingulate cortex (rACC), medial frontal (mFP), and periaqueductal gray (PAG) was significantly enhanced.59 Chen discovered 
that acupuncture alleviates KOA pain by stimulating the insula, activating the right frontoparietal network (rFPN), the 
executive control network (ECN), and the descending pain modulation network via the rACC/MPFC.58 Zhou et al14 compared 
the central therapeutic mechanisms of acupuncture, sham acupuncture, celecoxib (SC), and placebo (PB) in treating KOA 
pain. They found that pain in the four groups improved, but their analgesic mechanisms were different. Compared with the SC 
and PB groups, acupuncture stimulated the right dorsolateral prefrontal cortex (DLPFC) and the right ventrolateral periaque
ductal gray (vlPAG) in patients, whereas the SC group did not affect the vlPAGrs-FC. The activation of the NGF/TrkA axis 
contributes to pain in KOA. The MA obstructs the activation of the NGF/TrkA pathway in the DRG of KOA mice. Subsequent 
research has validated that peripheral pain can exacerbate central sensitization. The activation of the NGF/TrkA axis is 
induced by the MCP1/CCR2 axis stimulation in peripheral joint tissues.2 CPM reflects the synthesis of endogenous 
neurotransmitters and the function of the descending pain inhibition system. Strong EA (> 2 mA), weak EA (< 0.5 mA), 
and sham EA (non-acupoint) were used to treat KOA patients for 1 week. The EA group showed improved VAS, WOMAC, 
NPRS, and ES; however, CPM did not improve. After one week of therapy, it was determined that the CPM function in the 
strong EA group surpassed that of the low EA group, indicating that strong EA is more effective than weak EA in alleviating 
KOA pain and that acupuncture exhibits a cumulative effect.38

Microglia are the source of proinflammatory factors in the CNS and initiate neuroimmune responses. In chronic KOA pain, 
microglia can release inflammatory factors and be activated to maintain pain. Brain-derived neurotrophic factor (BDNF) 
enhances neuronal plasticity in the hippocampus. The bilateral hippocampus blood flow in KOA patients is significantly 
associated with pain intensity.168 Electroacupuncture enhanced the weight-bearing capacity of the left hind limb in KOA rats, 
significantly elevated the expression of BDNF in the CA1 region of the hippocampus, and reduced the levels of Iba-1, IL-1β, 
and TNF-α in both the dorsal horn of the spinal cord and the CA1 region of the hippocampus, thus protecting hippocampal 
neurons. This indicates that EA alleviates KOA pain by suppressing CNS inflammation.169 Peripheral sensitization of primary 
sensory neurons in the Dorsal Root Ganglion (DRG) and central sensitization of the dorsal horn of the spinal cord are the 
primary mechanisms for pain in KOA. Neurotransmitters SP and CGRP transmit pain signals to the CNS, and PGE2 causes 
pain by stimulating nerve endings. EA alleviated MIA-induced KOA in rats by decreasing the synthesis of pain mediators SP, 
CGRP, and PGE2, mitigating spinal cord central sensitization, and decelerating the course of KOA.170 Similarly, acupuncture 
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can modulate pain-associated brain regions’ functional connectivity and activity patterns, altering the pain perception and 
control network. The aforementioned research indicates that acupuncture analgesia constitutes a complex process (Figure 5).

Conclusion
This review summarizes the latest clinical research reports on KOA’s pathogenesis and acupuncture treatment. KOA is 
a multifaceted degenerative disorder caused by chronic inflammation, cartilage degradation, and subchondral bone remodel
ing. Conventional therapies (eg, NSAIDs, surgery) have several limitations because of their adverse effects and invasiveness, 
underscoring the need for complementary strategies. Acupuncture is administered via MA, EA, TEA, or other techniques at 
clinically relevant acupoints. Furthermore, acupuncture as monotherapy or in multimodal regimens can significantly alleviate 
pain as observed by VAS/NRS, improve joint function (WOMAC), and enhance quality of life (SF-36) in KOA patients.

Mechanistically, acupuncture modulates inflammation by promoting M2 macrophage polarization, inhibiting pro- 
inflammatory mediators (TNF-α/MMP3), and enhancing antioxidant pathways (SOD2/NRF2). Moreover, it preserves 
chondrocyte integrity by preventing apoptosis and ferroptosis via MAPK/Wnt/β-catenin signaling, autophagy (Pink1- 

Figure 5 Mechanism of Acupuncture in Alleviating Pain in KOA Patients. 
Notes: From the peripheral mechanism, acupuncture first activates the Aδ and C-type nerve fibers, triggering the afferent nerve impulse. It regulates the level of local 
inflammatory cytokines, reduces the production of pain-causing substances (CGRP, SP, PGE2, IL-1β, and COX2), and decreases the sensitivity of nociceptive receptors (such 
as TRPV1). In the dorsal horn of the spinal cord, it can inhibit the release of excitatory neurotransmitters such as Glu, NK1, GABA, neuropeptides, etc., suppress microglia 
cell activity, and reduce the transmission of pain signals. In the central mechanism, acupuncture enhances the functional connectivity of pain-related brain areas such as ACC, 
PFC, and PAG, changes the neuronal excitability of the ACC region, and reduces pain. Created in BioRender. Dwad, D (2025) https://BioRender.com/58xi9pn.
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Parkin, PI3K/AKT), and senescence inhibition through microRNA regulation. It also regulates pain perception by attenuating 
peripheral neuropeptides (PGE2, SP, CGRP) and alleviating central sensitization in specific brain regions (pMPFC, ACC).

Despite substantial clinical data, there are limitations; for instance, the evaluation of pain relief mainly depends on 
subjective outcomes (VAS/WOMAC) rather than objective biomarkers or structural imaging (eg, MRI), and the mechanistic 
association between symptom alleviation and disease progression is lacking. Furthermore, the heterogeneity in acupuncture 
protocols across the literature, such as variations in acupoint selection, needle manipulation techniques, and treatment 
frequency, complicates the comparison and synthesis of research findings. The lack of sham controls in some trials and the 
paucity of long-term outcome data limit the complete validation of the sustained efficacy and specificity of acupuncture for 
KOA. Future studies should validate key findings in human primary cells or clinical cohorts to strengthen clinical relevance.
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