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Purpose: To evaluate the efficacy and safety of Fu’s subcutaneous needling (FSN) for pain management using randomized controlled
trials (RCTs), to provide evidence-based guidance for clinical practice and future research.

Methods: A systematic literature search was conducted of PubMed, Embase, Scopus, Cochrane Library, Clinical Trials.gov, and Web
of Science databases for RCTs published from inception to May 15, 2025. To be included, studies were required to compare FSN with
control interventions for treating pain in adults. Study quality was assessed using the Cochrane Risk of Bias tool, and meta-analysis
was performed using RevMan 5.4. Outcomes included pain intensity, and pain-related and functional outcomes.

Results: Eight RCTs (n = 519 participants) were included. Compared with controls, FSN was more effective at reducing pain, with
a pooled mean difference (MD) of —1.14 (95% confidence interval [CI]: —1.34 to —0.95; P < 0.001) on the visual analog scale.
Subgroup analyses confirmed sustained benefits at the 15-day follow-up (MD = —1.79; P < 0.001) and 1-month follow-up (MD =
—1.08; P < 0.001) time-points. Secondary outcomes included significant improvements in the Oswestry Disability Index (MD = —6.10;
P <0.001), range of motion (MD = 9.11; P < 0.001), Lysholm score (standardized MD [SMD] = 0.66; P < 0.001), and 36-Item Short-
Form Survey (SMD = 0.78; P < 0.001). Adverse events were mild and transient, with no serious adverse effects reported.
Conclusion: FSN is an effective and safe intervention for pain management, and results in greater pain reduction and functional
improvement than other non-pharmacological interventions. Future studies should prioritize multicenter RCTs with standardized
protocols, extended follow-up, and diverse populations to confirm the long-term efficacy of FSN for pain management.
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Introduction
Pain, defined by the International Association for the Study of Pain as “an unpleasant sensory and emotional experience

9 1,2 -

associated with actual or potential tissue damage”, "~ is an important health problem worldwide. Epidemiological studies

* contributing to disability and insomnia, and

suggest that 20-30% of adults worldwide suffer from chronic pain,
triggering psychological issues such as anxiety and depression, impairing quality of life and increasing healthcare
expenditure.*> Addressing the problem of chronic pain necessitates developing safer and more effective pain manage-
ment strategies, given the limitations of conventional pharmacotherapy including the risk of opioid dependency and
inadequate long-term pain relief.>® Therefore, clinicians have turned to complementary and alternative medicine as
alternative approaches to pain management.” Traditional acupuncture,® massage therapy,”'® and cupping,'"'? have
gained increasing support in contemporary pain practice.

Fu’s subcutaneous needling (FSN), developed by Dr Zhonghua Fu in 1996, is a modern acupuncture derivative
characterized by its unique mechanical action on subcutaneous connective tissue.'>"'* The technique uses a specialized
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disposable needle housed within a flexible tube, which is inserted horizontally into the subcutaneous layer and
manipulated via unidirectional rotations to achieve sustained “sweeping” motions. Distinct from traditional acupuncture,
FSN does not use classic meridian points but instead targets myofascial trigger points (MTrPs) within the affected
functional units.'> Its proposed mechanism centers on mechanical traction-induced modulation of fascial tension,
enhanced local microcirculation, and interruption of nociceptive signaling pathways. Currently, FSN is used in clinical
practice for the treatment of various types of musculoskeletal pain, including frozen shoulder, lumbar and dorsal
myofascial pain syndrome, knee osteoarthritis, and ankle sprains.'® This focus on musculoskeletal disorders arises
from FSN’s therapeutic rationale of targeting pain originating from dysfunction of superficial soft tissues, such as
muscles and fascia. As with other acupuncture-based modalities, the therapeutic effects of FSN are likely mediated by
a combination of specific physiological mechanisms and non-specific contextual effects. These contextual effects include
the treatment ritual, patient-practitioner interaction, and patient expectations, which have been demonstrated to signifi-
cantly influence outcomes in pain trials.'” '® Therefore, when interpreting the results of randomized controlled trials
(RCTs) of FSN, the potential contribution of these factors should be considered in addition to its proposed biomechanical
mechanisms.

Despite increasing clinical use and a growing number of RCTs, the evidence base remains fragmented due to
methodological heterogeneity, inconsistent outcome reporting, and inadequate reporting of adverse effects. To our
knowledge, no comprehensive systematic review or meta-analysis has been conducted to evaluate the efficacy and safety
of FSN for treating pain. To provide a methodologically sound assessment of the effectiveness of FSN and minimize bias,
this review focused exclusively on synthesizing evidence from RCTs, the gold standard study design for evaluating
therapeutic interventions. This systematic review and meta-analysis of RCTs is designed to synthesize the available
evidence on the efficacy and safety of FSN for pain management. It aims to provide an evidence base to guide clinical
practice, explore the therapeutic benefits of FSN, and identify directions for future research.

Materials and Methods
Study Registration

The design, implementation, and reporting of this study adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 statement.”® A completed PRISMA checklist is provided in Supplementary File 1.
The review was pre-registered on the International Platform of Registered Systematic Review and Meta-analysis
Protocols (INPLASY) (registration number: INPLASY202550068).The review was conducted in accordance with the
pre-registered protocol without any major deviations.

Search Strategy

We conducted a comprehensive search of six databases, namely PubMed, Embase, Scopus, Cochrane Library, Clinical
Trials.gov, and the Web of Science, for articles published from the database inception up to May 15, 2025. The search
strategy combined Medical Subject Headings (MeSH) terms with free-text keywords. For example, the PubMed search
terms were: “Fu’s subcutaneous needling” [Title/Abstract] OR “Fu’s acupuncture” [Title/Abstract] OR “floating needle”
[Title/Abstract] OR “Fu needling” [Title/Abstract] OR “floating-acupuncture” [Title/Abstract] OR “FSN” [Title/
Abstract]. The search strategies for each database are provided in Supplementary File 2. Additionally, manual searches

were performed to supplement the electronic searches, and the reference lists of all the included articles were screened to
identify additional potentially eligible studies.

Inclusion Criteria

The inclusion criteria were defined using the Participants, Interventions, Comparisons, Outcomes, and Study design
(PICOS) framework as follows: (1) Participants: aged >18 years, clinically diagnosed with pain symptoms, with no
restrictions on sex, disease duration, or pain source; (2) Interventions: FSN was the sole or primary intervention; (3)
Comparisons: sham FSN therapy, conventional treatment, or other therapeutic approaches; and (4) Outcomes: direct
quantitative pain assessments (eg, visual analog scale [VAS], numerical rating scale [NRS]) and/or pain-related outcome
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measures, such as functional improvement, quality of life (eg, 36-Item Short-Form Survey [SF-36]), safety measure-
ments, and adverse events; and (5) Study design: RCTs.

Exclusion Criteria

The exclusion criteria were: (1) study designs other than RCTs, including non-randomized controlled trials (non-RCTs),
review articles, observational studies, case reports, and qualitative research; (2) RCTs evaluating FSN in combination
with other therapies, precluding the assessment of the efficacy of FSN alone; and (3) studies with incomplete outcome
measures or missing data, preventing valid analysis.

Study Selection and Data Extraction

Two researchers (X.G. and F.W.) independently conducted an initial screening of the articles identified by the literature
search based on titles and abstracts, followed by assessing the full text of potentially relevant studies that passed the
initial screening according to the predefined inclusion/exclusion criteria. Any disagreements between the two researchers
were resolved through discussion or consultation with a third researcher (D.L).

Another two researchers (Z.G. and N.L.) performed data extraction independently using standardized templates. The
information extracted included basic study details (first author, publication year, sample size, and participant age range),
intervention protocols (FSN therapy specifics such as treatment frequency, duration, and comparative details for the
control group), outcome metrics (pain assessment scales, functional improvement, quality-of-life measures), and follow-
up data (duration and reported adverse events). For studies with incomplete data, the corresponding author was contacted
via Email to request supplementary information. Any discrepancies between the two assessment were resolved through
discussion or by consulting a third researcher.

Quality Assessment for Each Eligible Study

Two researchers (X.G. and F.W.) independently assessed the methodological rigor of each of the included studies
using the Cochrane Risk of Bias assessment tool. The evaluation focused on seven domains: randomization
procedures (selection bias), allocation concealment (selection bias), participant/personnel blinding (performance
bias), outcome assessor blinding (detection bias), completeness of outcome data (attrition bias), selective reporting
(reporting bias), and other sources of bias. Studies were classified as having low, unclear, or high risk of bias for each
criterion. Any discrepancies between the two assessments were resolved through discussion or by consulting a third
researcher.

Assessment of the Overall Certainty of the Evidence

The overall certainty of evidence for critical outcomes was assessed using the Grading of Recommendations,
Assessment, Development, and Evaluations (GRADE) approach. RCTs generally provide high-certainty evidence, but
the certainty can be lowered based on five considerations: risk of bias, inconsistency, indirectness, imprecision, and other
considerations. Two researchers (X.G. and F.W.) independently rated the certainty for each outcome as high, moderate,
low, or very low. Any discrepancies between the two assessments were resolved through discussion or by consulting
a third researcher.

Data Synthesis

All statistical analyses were conducted using RevMan 5.4 software,”’ and RevMan 5.4 was also used to generate
forest plots. For continuous outcomes such as the VAS, range of motion (ROM), and SF-36, either the mean difference
(MD) or standardized MD (SMD) and their 95% confidence intervals (CIs) were calculated, depending on the
measurement scale. Heterogeneity was assessed using Cochran’s Q statistic and the I* statistic. For the meta-
analysis, a fixed-effects model was used if P > 0.05 and I? < 50%, and a random-effects model was used if P <
0.05 and I* > 50%. Subgroup analyses were performed to explore potential sources of heterogeneity if significant
heterogeneity was identified.
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Results

Literature Search

A total of 459 studies were retrieved from the six databases using the predefined search strategies. After removing
duplicates, 146 studies remained. After screening the titles and abstracts, 110 studies were excluded because they did not
meet the inclusion criteria. A full-text review was conducted of each of the remaining 36 studies, of which 28 were
excluded: 10 non-RCTs, 5 studies with multicomponent interventions, 2 studies lacking objective diagnostic criteria, 3
studies with inappropriate control group interventions, and 8 studies with incomplete data. A detailed list of the 28
excluded studies and the specific reasons for the exclusion of each study is provided in Supplementary File 3. Finally,
eight eligible RCTs** %’ were included in the meta-analysis. The study selection process is shown in the PRISMA
flowchart (Figure 1).

Study Characteristics

The studies included in the review and the basic characteristics of the participants are summarized in Table 1. The 8
studies included in the review were published between 2020 and 2025, and all studies were conducted in China. The 8
studies included a total of 519 participants, with 260 in the intervention group and 259 in the control group. The
sample size per individual study ranged from 36 to 90. The experimental group received FSN treatment in all studies,
with the treatment frequency ranging from 1 to 7 times per week, and a total of 3 to 6 treatment sessions administered
over a 2- to 14-day period. The interventions received by the control group included conventional acupuncture (3

24,25,29 electroacupuncture (1 study),27 transcutaneous electrical nerve stimulation (TENS) (2 studies),”**

studies),
Tuina massage (1 study),?” and sham FSN (1 study).?® The outcome indicators included the VAS, Brief Pain Inventory-

Total (BPI-T), the Oswestry Disability Index (ODI), ROM, and SF-36. Follow-up data were reported in 7 of the 8
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Figure | Flow chart of study selection.
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Table | Characteristics of the Studies Included in the Review

Included ISZ Mean Age (years) Interventions Follow-Up Outcome Adverse Events
Trials (TIC) Measured
T C T C
Chiu 20222 36 (18/18) 65.73 + 6.79 62.8] +5.72 FSN, 3 sessions over 4 | TENS, 3 sessions over 8 and |5 days VAS, ROM N/A
days (on days |, 2, 4 days (on days 1, 2,
and 4) and 4)
Huang 2022% 60 (30/30) 52.73 + 9.8 52.16 = 16.10 | FSN, 3 sessions over 4 | TENS, 3 sessions over 8 and 15 days VAS N/A
days (on days 1, 2, 4 days (on days 1, 2,
and 4) and 4)
Lin 2025% 80 (40/40) 46.90 + 9.55 46.95 + 9.56 FSN, | session/every Acupuncture, | | month VAS, SF-36 No adverse events
other day, total 12 session/every
days other day, total 12
days
Liu 2020% 80 (40/40) 65.00 + 10.00 58.00 + 13.00 | FSN, 3 sessions/week, Acupuncture, 6 N/A Lysholm score N/A
total | weeks sessions/week, total
I weeks
Ma 20212%¢ 60 (30/30) 47.67 + 15.40 4923 + 13.28 FSN, 2-3 sessions/ Massage, 2-3 sessions/ 3 and |12 months VAS, ODI, SF-36 No adverse events
week, total 2 weeks day, total 2 weeks
Mou 2024 62 (31/31) 54.87 + 8.85 55.10 +7.98 FSN, | session/every | Electroacupuncture, | 3 months Lysholm score, ROM | mild adverse event
other day, total 10 session/day, total 10
days days
Wu 2024%8 51 (26/25) 58.80 + 14.22 60.88 + |11.47 FSN, 3 sessions at |, Sham FSN, 3 sessions | 72 hours, |, 2, 3 months VAS (BPI-T), ODI 5 mild adverse
24, and 48 hours at |, 24, and 48 hours events
Zhang 2024%° 90 (45/45) 3947 £9.76 37.53 +797 FSN, | session/ day, Acupuncture, | | month VAS, ROM No adverse events
total 3 days session/ day, total 3
days

Abbreviations: BPI-T, the brief pain inventory; C, control group; FSN, Fu’s subcutaneous needling; ISZ, initial sample size; N/A, not available; ODI, the Oswestry Disability Index; ROM, range of motion; SF-36, 36-Item Short-Form
Survey; TENS, transcutaneous electrical nerve stimulation; T, test group; VAS, visual analog scale.
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studies,?* 2*?672° with the duration of follow-up ranging from 8 days to 12 months. Adverse events were reported in 5

of the 8 studies.?*2¢~%°

Methodological Quality

The risk of bias assessment for each study is shown in Figure 2. All 8 studies
randomization (eg, random number tables, computer-generated random numbers, stratified randomization). Five of the 8
studies®***2° provided detailed methods on randomization concealment (eg, computer-generated random numbers and

allocation concealment using opaque sealed envelopes), effectively reducing the risk of bias. The allocation concealment
22,23,25

2229 used appropriate methods for

methods in the remaining 3 studies were unclear, potentially introducing a risk of selection bias. Six of the 8 studies™~
242729 were reported to use blinding, 1 study®® reported that blinding of clinicians and participants to the intervention
assignment was not possible due to the nature of the intervention; and the remaining study®® did not report on whether
blinding was used. Six of the 8 studies?***?°° reported blinding of outcome assessors, and the other 2 studies*>** did not.
All 8 studies'® 2 reported dropout/attrition rates and handled missing data appropriately and were thus classified as having

2229 were registered prospectively and reported pre-specified outcomes, with

a low risk of bias for this criterion. All 8 studies
no evidence of selective reporting, and were assessed as having a low risk of reporting bias. None of the studies provided

sufficient information to assess other potential sources of bias and were therefore judged to have an “unclear risk of bias.”

Allocation concealment (selection bias)

@ | Blinding of outcome assessment (detection bias)

D
. . . . . . . . Incomplete outcome data (attrition bias)

. . . Blinding of participants and personnel (performance bias)

® | ® | @ | selective reporting (reporting bias)
Other bias

. . . . ‘ . . . Random sequence generation (selection bias)
>

Chiu 2022 ? ?
Huang2022 ?
Lin 2025 @® o C
Liu 2020 22|02 2|2
Ma 2021 ® e e ® -
Mou 2024 00 [
Wu 2024 00 (I
Zhang 2024 ® e e ® -

Figure 2 Risk of bias summary for the studies included in the review. Symbols: +, low risk of bias; —, high risk of bias;?, unknown risk of bias.
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Meta-Analysis Outcomes

Primary Outcomes (Pain Intensity)

VAS Score

Overall Pain Intensity (VAS). Six studies™ >*?*?%2% with a total of 362 participants (181 in the experimental group and
181 in the control group), assessed pain using the VAS. The pooled analysis showed that the FSN group had significantly
lower VAS pain scores than the control group (MD = —1.14, 95% CI: —1.34 to —0.95; P < 0.001), with no significant
heterogeneity (I> = 0%, P = 0.43) (Figure 3).

Pain Intensity (VAS) at Different Time-Points. Pain intensity (VAS) was significantly lower in the FSN group than in the
control group at all time-points assessed (Figure 4). Four studies®>****2° with a total of 225 participants assessed the
immediate post-intervention effects. The results were pooled using a random-effects model (Figure 4A). The pooled analysis

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
Chiu 20227 3.27 1.53 15 463 1.17 16 4.1% -1.36[-2.32,-0.40] -
Huang2022* 193 224 30 39 144 30 4.2% -1.97[-2.92,-1.02]
Lin 2025* 231 1.2 39 345 1.01 40 15.7% -1.14[-1.63,-0.65] CEE
Ma 2021 1.5 1.48 29 297 13 29 7.3% -1.47][-2.19,-0.75] -
Wu 2024% 3.16 1.25 25 438 117 24 82% -1.22[-1.90, -0.54] -
Zhang 2024% 1.78 0.54 43 2.8 0.63 42 60.5% -1.02[-1.27,-0.77] =
Total (95% CI) 181 181 100.0% -1.14[-1.34, -0.95] *
Heterogeneity: Chi? = 4.87, df = 5 (P = 0.43); I = 0% / > . 5 b
Test for overall effect: Z = 11.52 (P < 0.00001) Favours [experimental] Favours [control]

Figure 3 Forest plot of the meta-analysis of the effect of Fu’s subcutaneous needling (FSN) on overall pain intensity, measured using the visual analog scale (VAS).

A Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random,95% CI IV, Random, 95% CI
Chiu 2022% 4.4 1.58 15 4.75 1.15 16 18.5% -0.35[-1.33, 0.63] B
Huang2022% 3.18 243 30 538 221 30 14.5% -2.20 [-3.38, -1.02] S

Wu 2024% 5.6 1.06 25 7 149 24  25.4% -1.40 [-2.13, -0.67] D

Zhang 2024 3.39 0.53 43 436 0.77 42 41.6% -0.97 [-1.25, -0.69] =

Total (95% Cl) 113 112 100.0% -1.14 [-1.68, -0.60] S 4

Heterogeneity: Tau? = 0.16; Chi? = 6.83, df = 3 (P = 0.08); I> = 56%
Test for overall effect: Z = 4.15 (P < 0.0001)

B

-4 -2 0 2 4
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Chiu 20227 267 1.35 15 4.69 1.04 16 47.8% -2.02[-2.87,-1.17] —&—
Huang2022% 206 1.7 30 3.63 1.52 30 52.2% -1.57[-2.39,-0.75] ——
Total (95% CI) 45 46 100.0% -1.79 [-2.37, -1.20] >
Heterogeneity: Chi? = 0.56, df = 1 (P = 0.45); 1= 0% _=4 _"2 0 é i

‘T far el Sl £ = 5404 (= S 0.00001) Favours [experimental] Favours [control]

C Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Liu 2020% 231 0.92 39 3.35 0.98 40 48.2% -1.08 [-1.56, -0.61] &

Zhang 2024 1.38 0.51 43 2.06 0.72 42 51.8% -1.08 [-1.54, -0.63] O

Total (95% CI) 82 82 100.0% -1.08 [-1.41, -0.75] . 4

Heterogeneity: Chiz = 0.00, df = 1 (P = 1.00); I = 0% 4 2 g 2 j‘
Test for overall effect: Z = 8.45 (P < 0.00001) Favours [experimental] Favours [control]

Figure 4 Forest plot of the meta-analysis of the effect of Fu’s subcutaneous needling (FSN) on overall pain intensity at different time-points, measured using the visual analog
scale (VAS). (A) Effect of FSN on pain intensity immediately after a single session; (B) Effect of FSN on pain intensity |5 days after completing the intervention; (C) Effect of
FSN on pain intensity | month after completing the intervention.
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showed substantial reduction in pain intensity in the FSN group (MD = —1.14, 95% CI: —1.68 to —0.60, P < 0.001), with
moderate heterogeneity (I = 56%, P = 0.08). Two studies®>** with a total of 91 participants assessed the durability of FSN 15
days after completing the intervention. The results were pooled using a fixed-effects model (Figure 4B). The pooled analysis
showed substantial reduction in pain intensity in the FSN group (MD = —1.79, 95% CI: —2.37 to —1.20, P <0.001) with no
heterogeneity (I2 = 0%, P = 0.45). Two studies®>*’ with a total of 164 participants assessed the durability of FSN 1 month
after completing the intervention. The results were pooled using a fixed-effects model (Figure 4C). The pooled analysis
showed a sustained reduction in pain intensity in the FSN group (MD = —1.08, 95% CI: —1.41 to —0.75, P < 0.001) with no
heterogeneity (I> = 0%, P > 0.99).

Secondary Outcomes (Pain-Related and Functional Outcomes)
Meta-analysis of the effects of FSN on pain-related and functional outcomes revealed significant improvements in

multiple measures (Figure 5).

ODI

Two studies,
greater improvement in joint mobility in the FSN group than in the control group (MD = —6.10, 95% CI: —9.48 to —2.73,
P < 0.001), with no significant heterogeneity between studies (I = 0%, P = 0.89).

2628 with a total of 107 participants, reported on the ODI (Figure 5A). The pooled analysis revealed significantly

A

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Ma 2021* 726 77 29 1351 7.91 29 70.5% -6.25[-10.27,-2.23]
Wu 2024 3564 10.61 25 4139 1153 24 295% -5.75[-11.96,0.46] — &
Total (95% Cl) 54 53 100.0% -6.10 [-9.48, -2.73] o

Heterogeneity: Chi? = 0.02, df = 1 (P = 0.89); I? = 0%
Test for overall effect: Z = 3.55 (P = 0.0004)

B

-20 -10 0 10 20
Favours [experimental] Favours [control]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% Cl
Chiu 2022% 118.49 10.02 15 116.13 13.66 16 3.1% 2.36 [-6.04, 10.76]
Mou 2024% 135 296 30 126 4.44 30 60.7% 9.00[7.09, 10.91] 53
Zhang 2024% 52.31 6.06 43 4244 557 42 36.2% 9.87[7.40, 12.34] =
Total (95% Cl) 88 88 100.0% 9.11[7.62, 10.59] L 4

Heterogeneity: Chi? = 2.86, df = 2 (P = 0.24); 12 = 30%

Test for overall effect: Z = 12.00 (P < 0.00001) =t =1 ° i =

Favours [experimental] Favours [control]

C Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Liu 2020% 78.52 18.4 40 69.27 11.9 40 57.9% 0.59 [0.14, 1.04] 0

Mou 2024% 20.09 0.9 30 18 37 30 421% 0.77 [0.24, 1.29] =
Total (95% CI) 70 70 100.0% 0.66 [0.32, 1.01] L 4

Heterogeneity: Tau? = 0.00; Chi? = 0.25, df = 1 (P = 0.62); I? = 0%
Test for overall effect: Z = 3.82 (P = 0.0001)

D

-4 -2 0 2 4
Favours [experimental] Favours [control]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed. 95% CI 1V, Fixed. 95% CI
Lin 2025% 597 34.64 39 5684 25.61 40 56.1% 0.93[0.47, 1.40] %
Ma 2021%° 122.63 12.25 29 116.23 8.92 29 43.9% 0.59[0.06, 1.12] L
Total (95% CI) 68 69 100.0% 0.78 [0.43, 1.13] <&

Heterogeneity: Chi?2 = 0.91, df =1 (P = 0.34); I2= 0% Y )

Test for overall effect: Z = 4.39 (P < 0.0001) Fa\—/‘(‘)urs [exp;ezrimemal] . Favours

!
T

4

—_ N4

control]

Figure 5 Forest plot of the meta-analysis of the effect of Fu’s subcutaneous needling (FSN) on pain-related and functional outcomes. (A) Oswestry Disability Index (ODI);
(B) range of motion (ROM); (C) Lysholm score; (D) 36-Item Short-Form Survey (SF-36).
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ROM

Three studies,!*”-*

with a total of 176 participants, reported on the ROM (Figure 5B). The pooled analysis revealed
significantly greater improvement in the FSN group than in the control group (MD = 9.11, 95% CI: 7.62 to 10.59; P <
0.001), with no significant heterogeneity between studies (I> = 30%, P = 0.24).

Lysholm Score

Two s'cudies,zs’27
significantly better Lysholm scores (improved knee function and symptoms) in the FSN group than in the control group
(SMD = 0.66, 95% CI: 0.32 to 1.01; P < 0.001), with no significant heterogeneity between studies (I> = 0%, P = 0.62).

with a total of 140 participants, reported Lysholm scores (Figure 5C). The pooled analysis revealed

SF-36

Two studies,”**°

with a total of 137 participants, reported on the SF-36 (Figure 5D). The pooled analysis revealed
significantly greater improvement in the quality of life in the FSN group than in the control group (SMD = 0.78, 95% CI:
0.43 to 1.13; P < 0.001), with no significant heterogeneity between studies (1> = 0%, P = 0.34).

Adverse Events
Five of the 8 studies***® >’

treatment, and 2 studies

reported adverse events, of which 3 studies®***%’

27,28

reported no adverse events during FSN
reported minor events: 5 cases of mild subcutaneous hematoma®® (which resolved
completely with simple compression during the trial period), and 1 case of pain at the needle site.’” No participants

withdrew due to adverse events.

Overall Certainty of the Evidence
The certainty of the evidence for critical outcomes, assessed using the GRADE approach, is summarized in Table 2. The
overall certainty of the evidence was moderate for pain reduction and adverse events, and low for the secondary

functional outcomes, including ODI, ROM, Lysholm score, and SF-36.

Table 2 GRADE Evidence Quality Evaluation Results

Certainty Assessment Summary of Findings
Outcome Risk of Bias Inconsistency | Indirectness | Imprecision Other No. of Patients Absolute Effect (95% CI) Certainty
(No. of Studies) Considerations

FSN Control

VAS (6) Not serious Not serious Serious * Not serious None 181 181 MD 1.14 lower Moderate
(1.34 lower to 0.95 lower)

ODI (2) Not serious Not serious Serious * Serious ® None 54 53 MD 6.1 lower Low
(9.48 lower to 2.73 lower)

ROM (3) Not serious Not serious Serious * Serious ® None 88 88 MD 9.11 higher Low
(7.62 higher to 10.59 higher)

Lysholm score (2) Not serious Not serious Serious * Serious ® None 70 70 SMD 0.66 higher Low
(0.32 higher to 1.01 higher)

SF-36 (2) Not serious Not serious Serious * Serious ® None 68 69 SMD 0.78 higher Low
(0.43 higher to 1.13 higher)

Adverse Events (5) Not serious Not serious Serious * Not serious ® None 209 210 Only mild, transient adverse Moderate
events reported No serious
adverse events

Notes: * Downgraded due to limited generalizability, as all included studies were conducted in a single geographic region (China); b Downgraded due to small total sample
size and a limited number of studies.

Abbreviations: FSN, Fu’s subcutaneous needling; MD, mean difference; ODI, Oswestry Disability Index; ROM, range of motion; SMD, standardized mean difference; SF-36,
36-Item Short-Form Survey; VAS, visual analog scale.
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Discussion

Summary of the Main Findings

This systematic review and meta-analysis synthesized data from 8 RCTs with a total of 519 participants to evaluate the
comparative efficacy of FSN compared with established therapies, including conventional acupuncture, electroacupunc-
ture, TENS, and massage therapy. The pooled results demonstrate that FSN was more effective at relieving pain than the
control interventions. Specifically, FSN significantly reduced pain intensity (VAS) and led to marked improvements in
pain-related functional outcomes, including ODI, ROM, knee function and symptoms (Lysholm score), and quality of life
(SF-36). Furthermore, the reduction in pain intensity in the FSN group was greater than that in the control group not only
immediately after completing treatment but also at the 15-day and 1-month follow-up assessments. According to the
GRADE assessment, the certainty of the evidence was moderate for the effect of FSN on pain intensity and adverse
events, but low for its effect on the secondary functional outcomes. These findings suggest that FSN is a viable non-
pharmacological intervention for pain management and merits consideration for integration into clinical practice.

Comparison with Existing Evidence

FSN is primarily used for treating musculoskeletal disorders, and is used primarily for pain management.'**’
Consequently, both clinical application and research on FSN for pain-related conditions has expanded rapidly, covering
over twenty conditions including cervical spondylosis, tennis elbow, frozen shoulder, herpes zoster, lumbar disk
herniation (LDH), osteoarthritis (OA), rheumatoid arthritis, gout, headache, primary dysmenorrhea, chronic gastralgia,
localized cancer pain, and ankylosing spondylitis.'®*'*? Notably, a case report®> demonstrated significant improvement
in phantom limb pain following FSN treatment for a patient with symptoms 10 years after above-the-knee amputation.
However, our comprehensive search of major English databases revealed no published systematic reviews and meta-
analyses on the efficacy of FSN for pain management covering a diverse range of conditions. One previous meta-
analysis®* focused specifically on FSN for LDH. The meta-analysis found that FSN led to greater improvement of the
VAS pain score, ODI, SF-36, and Japanese Orthopaedic Association (JOA) scores than those in the control group,
consistent with the findings of this study.

Previous research has examined various non-pharmacological interventions for pain, including acupuncture,® dry
needling,*> and physical therapy’*® and have reported beneficial effects of these interventions. FSN uniquely combines
acupuncture and subcutaneous needling,'” and could potentially provide greater immediate and sustained pain relief than
alternative non-pharmacological interventions.

Mechanisms of FSN for Pain

Current evidence indicates that the therapeutic mechanism by which FSN reduces pain primarily involves MTrPs.*"*®
These points are defined as palpable, hyperirritable nodules within skeletal muscle taut bands, characteristically observed
in chronic pain disorders including LDH and OA.***° FSN primarily targets muscular regions harboring MTrPs,*®
aiming to break the pathological cycle of “aseptic inflammation leading to muscle spasm, which in turn produces pain.”
Its core mechanism lies in restoring local blood perfusion.*' By eliminating the abnormal muscle contraction associated
with MTrPs, FSN can alleviate compression of blood vessels and nerves, thereby reducing ischemia, hypoxia, and the
accumulation of metabolic waste products. This reperfusion effect improves circulation and nutrient supply, promotes
tissue repair, and achieves immediate and significant analgesic results at the MTrPs.*®

The therapeutic effects of FSN extend beyond vascular changes. Its unique subcutaneous sweeping manipulation
provides a mechanical stimulus to connective tissue.*” The needle body compresses and stretches the subcutaneous loose
connective tissue at the affected area.> This may alter the spatial configuration of the loose connective tissue in its liquid
crystal state, producing bioelectrical signals by means of a piezoelectric effect. These signals can be efficiently conducted
to the lesion site owing to the semiconductor properties of the tissue, triggering an inverse piezoelectric effect.®’ This
effect modulates ion channels and functions in cell membranes, ultimately improving the local pathological state of the
affected muscles and alleviating pain. This manipulation can also stimulate subcutaneous nerve endings, triggering
a local neurogenic anti-inflammatory response.* This manifests as the release of neuropeptides and neurotransmitters,
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and the recruitment of immune cells, thereby reducing the inflammatory response and diminishing mechanical sensitivity
in the affected joints. Furthermore, the results of an animal study** suggest that FSN may restore mitochondrial function
in dysfunctional muscles by enhancing citrate synthase, Complex II, and cytochrome ¢ oxidase (COX-I) expression,
improving cellular energy metabolism to support analgesia. Additionally, FSN treatment may also affect the body’s
immune system through subcutaneous connective tissue.*’

Although existing evidence suggests that FSN has effects on connective tissue, neural modulation, and immune
responses, further research is required to determine the biochemical pathways and its long-term effects on inflammation
and tissue repair.

Implications for Clinical Practice and Research

The findings of this review suggest that FSN is a viable non-pharmacological option for managing musculoskeletal pain
in clinical settings. It may be particularly useful if resources for other interventions are limited and for patients seeking
a minimally invasive approach. Future research should address the limitations identified in this study. Additional large-
scale multicenter RCTs using standard FSN protocols are required to enhance statistical power and reduce the risk of bias
associated with small sample sizes. An international multi-regional collaborative trial network should be established to
implement studies in a range of different geographical regions (eg, representative areas such as Europe, North America,
and Southeast Asia) to confirm the efficacy of FSN in different populations and expand its global use. Furthermore, long-
term follow-up assessments are required to determine the durability of the effects of FSN. Future RCTs should prioritize
the use of well-designed placebo control groups (eg, sham FSN devices) to distinguish the specific effects of FSN from
its non-specific contextual effects.*® In addition, further in-depth research is needed to determine its mechanisms of
action, including the molecular mechanisms through which FSN modulates pain pathways, thus providing a scientific
basis for its clinical application.

Strengths and Limitations

To our knowledge, this is the first meta-analysis specifically evaluating the efficacy of FSN in pain management. These
findings based on RCTs provide reliable evidence supporting the clinical application of FSN for pain management.
Strengths of this study include the use of a comprehensive search strategy, adherence to the PRISMA guidelines, pre-
registration of the protocol, and the use of the GRADE approach to assess the certainty of the evidence.

However, this study has several limitations. First, the relatively small sample size limits the strength of the clinical
evidence. Although clinical research on FSN has increased in recent years, the number of studies meeting our inclusion
criteria was limited. Consequently, only 8 RCTs, with a combined total of 519 participants, were included in the analysis.
Second, the comprehensiveness of the data may have been affected by our search strategy, which focused solely on major
English-language databases, resulting in the selective inclusion of studies published in English. Third, all included trials
were conducted in China. As the evidence is drawn from a single geographic region, the findings may not adequately
represent the efficacy of FSN in wider clinical practice or in populations in other settings, thereby restricting the
generalizability of the findings. Fourth, significant heterogeneity was observed between studies, despite their overall
reasonable quality. This heterogeneity likely arises from differences in methodological quality, diverse underlying pain
conditions, variable pain severity levels, differences in FSN treatment parameters (site, frequency, and duration), and
differences in the control intervention, all of which may have had an effect on the results. Finally, the duration of follow-
up was limited. Of the 8 studies included in the review, only one reported long-term follow-up for a period of 12 months.
The remaining 7 studies had follow-up periods ranging from 15 days to 3 months. Based on the available data, we were
only able to pool analyses for 15 days and 1 month, and were unable to assess the long-term effects of FSN.

Conclusion

This meta-analysis of RCTs provides a comprehensive assessment of the efficacy and safety of FSN for pain manage-
ment. The findings demonstrate that FSN is more effective than the control interventions at reducing pain intensity, and
that these effects are sustained for at least 1 month. In addition, FSN significantly improves pain-related functional
outcomes, including ODI, ROM, the Lysholm score (knee symptoms and function), and SF-36 (quality of life). Only
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a few mild side effects of FSN were reported, with no serious adverse events. These findings provide evidence that FSN
is a safe and effective non-pharmacological option for pain management. However, owing to the small sample sizes and
short follow-up periods, the results should be interpreted with caution. Further large-scale, multicenter RCTs are required
to investigate the long-term effects of FSN, assess the efficacy of FSN for treating different pain conditions, and
standardize the operating procedures to reduce bias.
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