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Background: Knee osteoarthritis (OA) is a common clinical disease. Knee pain is the major 
symptom of knee OA and the primary reason why patients seek treatment. Fu’s subcutaneous 
needling (FSN) has been used to treat knee OA for more than 20 years. However, the 
establishment of treatment methods and rigorous evaluation of FSN’s efficacy are still 
lacking. A randomized single-blind clinical trial will be conducted to evaluate whether 
FSN treatment can immediately alleviate pain due to knee OA surrounding the patella and 
the curative effective of 1-week and 2-week treatments. In addition, the feasibility and initial 
effect of FSN treatment for patients with knee OA will be discussed.
Materials and Methods: Patients with confirmed knee OA, as diagnosed by doctors using 
X-ray films or from clinical symptoms, who are over 50 years old will be participants 
recruited. They will be randomly assigned either FSN treatment or transcutaneous electrical 
nerve stimulation treatment. In addition, their pressure pain threshold, muscle tone of lower 
leg muscle, and physical ability will be measured. Participants will be asked to complete the 
questionnaires of Western Ontario and McMaster Universities Osteoarthritis Index and 
Lequesne’ index as the measurements for quality of life.
Results: The findings of this study will reveal whether FSN or transcutaneous electrical 
nerve stimulation is clinically efficacious for treating pain due to knee OA, with respect to 
muscle stiffness, gait, dynamic balance, the pressure pain threshold, and quality of life before 
and after treatment.
Study Registration: This study is approved by the Research Ethics Committee of China 
Medical University & Hospital, Taichung, Taiwan (CMUH107-REC3-027) and registered at 
the ClinicalTrials.gov Protocol Registration and Results System (registration number 
NCT04356651).
Keywords: dry needling, Fu’s subcutaneous needling, knee osteoarthritis, myofascial trigger 
point, tightened muscle

Introduction
Knee osteoarthritis (OA) is a highly common chronic joint disease, and it is a major cause 
of chronic pain and disability. With an aging global population and increasing obesity 
ratio, knee OA has become increasingly prevalent in the last few decades. In the United 
States, approximately over 14 million people have knee OA with symptoms.1 In Taiwan, 
according to the statistics of the Ministry of Health and Welfare, the prevalence of knee 
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OA is approximately 15%. Specifically, in Taiwan, approxi-
mately 3.5 million people have knee OA; among older adults 
over 58 years old, 1 in 5 people have joint degeneration 
problems; and for older adults over 70 years old, up to more 
than 70% of them have knee OA. In general, an extremely 
large portion of the population is affected by knee OA,2 and 
the disease can incur a large economic cost and social burden. 
In addition to bearing the health care cost from the disease, 
those with severe knee OA cannot work due to disability. 
Thus, treating this disease is important, especially considering 
that it is an important factor causing disability.

In research on the cause, knee OA has long been con-
sidered to be caused by cartilage loss resulting from the 
progressive wear of joint cartilage. In addition, knee OA is 
often accompanied by synovial joint inflammation.3 

However, according to the recent literature, knee OA is 
caused by multiple factors. Characteristics of knee OA 
include functional changes in the surrounding structures of 
the entire joint, such as the meniscus, surrounding ligaments, 
and subchondral bone,4 particularly the abnormal arrange-
ment of knee joints and weakness in the quadricep muscles. 
These result in the possibility of local joint damage.5 Some 
observational studies have reported that knee OA is primarily 

caused by the insufficient power of the knee extensor muscle 
group.6,7 Muscle dysfunction is also speculated to be the risk 
factor that aggravates knee OA. Consequently, improving 
muscle function eases pain symptoms and improves joint 
structures.8 Thus, the muscles are central to the pathogenesis 
of knee OA.

Fu’s subcutaneous needling (FSN) is a new acupuncture 
treatment developed by the Traditional Chinese physician, 
Zhonghua Fu, based on traditional acupuncture theory. FSN 
can provide some stimulation in the subcutaneous areas, and 
it has a rapid and lasting effect on soft tissue damage and 
some internal diseases.9 The treatment method involves 
inserting a disposable FSN needle (Figure 1) horizontally 
and swaying it in the subcutaneous tissue around the mus-
cles with myofascial trigger points (MTrPs) along with using 
the reperfusion approach. In doing so, the symptoms of 
abnormal muscular tension, stiffness, pressure pain, sponta-
neous pain, and fatigue are alleviated. FSN is a type of dry 
needling therapy without any solution for injection, too.

This study protocol aims to furnish preliminary results 
on the feasibility of using FSN treatment in patients with 
knee OA, thus evaluating the efficacy of FSN treatment on 
alleviating pain in the surrounding soft tissue from knee 

Figure 1 Schematic of structure of a typical disposable FSN needle.
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OA due to MTrPs. The findings provide a novel reference 
for the clinical treatment of knee OA.

Materials and Methods
Study Design
A randomized single-blind clinical trial design is adopted 
in the experiment, where every participant is randomly 
assigned to the experimental group or the control group. 
The participants will accept either FSN treatment or trans-
cutaneous electrical nerve stimulation (TENS) treatment 
thrice (at Days 1, 2, and 4). The entire experiment will last 
for 2 weeks, with the aim of observing the immediate, 
post-1-week, and post-2-week curative effect. A single 
evaluation of the treatment will be conducted before and 
after the treatment on the 1st, 2nd, and 4th day; as well as 
on 8th day and 15th day after the first treatment.

The study and experimental procedure have both been 
approved by an institutional review board. All participants 
will be recruited from the Rehabilitation Division and 

Acupuncture Division of China Medical University Hospital. 
The 90 patients who satisfy the inclusion criteria and who 
provide their written informed consent will be randomly 
divided into 2 equal-sized groups, each receiving either FSN 
or TENS treatment. The experimental procedure and study 
flow chart are shown in Figures 2 and 3.

Participants
A total of 90 patients with knee OA are expected to 
participate in this study. Table 1 shows the inclusion and 
exclusion criteria of the patients. The participants will 
be recruited at the Rehabilitation Division and 
Acupuncture Division of China Medical University 
Hospital. Before participating in the experiment, the 
participants will provide their written informed consent 
after being thoroughly briefed. The study protocol was 
approved by the Research Ethics Committee and fol-
lowed the Declaration of Helsinki Ethical Principles 
for Medical Research Involving Human Subjects.

Figure 2 Schedule of enrollment, interventions, and assessments.
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Study Interventions
Treatment Group (FSN Group)
Medium-size disposable FSN needles (Nanjing Paifu 
Medical Science and Technology) will be used for treat-
ment. These products have received regulatory approval 
(approval license number: number 001018 of medical 
equipment imported from China, as given by China’s 
Ministry of Health and Welfare; License document num-
ber: DHA09200101807).

The procedure of FSN is illustrated as the following:

1. Needle insertion: The participant is asked to lie on 
their back, keep their knee straight, and maintain 
their pelvis at the central position. Subsequently, the 
needle is inserted at the 1/3 spot at the near end of 
the connecting line between the anterior superior 

iliac spine and the superior border of patella 
(Figure 4). The needle is inserted toward the patella 
until it is fully submerged in the subcutaneous tis-
sue. To confirm that the needle does not extend into 
the dermis or muscles, the participant must confirm 
that there they experience completely no pain 
throughout the entire insertion process.

2. Swaying: The needle is backed into the soft tube. 
The needle handle is held by the hand, and the 
needle is swayed left and right in a sector shape. 
The angle of the sector is approximately 60°, and 
the needle is swayed for 45 times in 30 s. In the 
entire swaying process, the participant must confirm 
that they experience completely no pain.

3. Reperfusion approach: The participant is requested 
to undertake the dorsiflexion movement with their 

Figure 3 Flowchart of the study procedure.
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sole of foot. Every cycle includes 10 s of continual 
movement and a 10-s break. The participant is 
asked to do 3 cycles for a total of 1 min. 
Subsequently, the participant is asked to sit and 
then to bend and extend their knee. The cycle 
includes 10 s of continual movement and a 10-s 
break. The participant is asked to do 3 cycles for 
a total of 1 min.

4. Needle withdrawal: After the 2 actions are com-
pleted, the FSN needle is withdrawn directly.

Control Group (TENS Group)
A 2205A TENS machine (Well-Life Healthcare) will be 
adopted. TENS is an extensively used and accepted 
method of pain relief. The effect of pain relief is achieved 
by delivering electric stimulation at different frequencies 
and intensities through patches on the skin. TENS is 
extensively used by clinicians for pain relief in the mus-
culoskeletal system and for different types of neuralgia. Its 
effect has been approved by regulatory authorities, and it 
has the advantages of being simple to operate and having 
few side effects.10

One electrode pad is attached to the Liangqiu point 
(ST34) and Yanglingquan point (GB34) on the lateral side 
of the knee, and another electrode pad is attached to the 
Xuehai point (SP10) and Yinlingquan point (SP9) on the 
medial side of the knee. Current is then passed through 
each patch knee joint in an alternating fashion. The 

parameters of the electric stimulation differ depending on 
the depth of the muscular tissue.

Nonetheless, some general guidelines apply. According 
to other studies, the common treatment frequency for 
patients with knee OA is 110 Hz in the continual 
mode.11–13 After continual stimulation of 20 min, the 
machine is turned off, and the electrode pads are peeled 
off (Figure 5).

Sample Size Calculation
To calculate the requisite sample size, as FSN treatment is 
a new therapy, lack of previous treatment experience is 
unavoidable, we referred to the variance of the results of 
similar previous study for treatment of knee 
osteoarthritis,14 comparing VAS scores among patients 
receiving sham acupuncture treatment to standard acu-
puncture, we assumed anticipated means and standard 
deviations in the treatment groups is 3.75±1.5, the 
anticipated percent difference (decrease) in control group 
compared to treatment group is 25%. According to our 
calculations, the sample size required for an unpaired t test 
was 80 individuals, with 40 individuals each in the FSN 
and TENS groups. The calculation was performed using 
a significance level of P < 0.05 (ie, 5% of type I errors, 
resulting in a 95% confidence interval) and an absolute 
error of 5%. Considering a dropout rate of 10%, 90 
patients are required to generate 80% of the power, at 
a significance level of P < 0.05.

Table 1 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

(I) Over 50 years old. (I) Having general contraindications, such as severe internal medicine 
problems, severe recent injuries or trauma, or being pregnant.

(II) Diagnosis of unilateral or bilateral knee OA, based on X-ray films or 
the patient’s clinical symptoms, only the most painful side will be chosen 

for the further measurement.

(II) Having drug abuse history (including excessive alcohol consumption) 
that influences the pain evaluation, or current use of anticoagulants (eg, 

Phenprocoumon, Heparin), coagulopathy in the previous 12 months.

(III) Kellgren and Lawrence Scale (K/L level) above stage 2. (III) Having infection, ulcers, or injury on local skin surfaces.

(IV) Having spots of local tenderness around a single side or both sides 

of the knee joints.

(IV) Having knee operation or knee replacement.

(V) MTrPs can be palpated in the quadriceps and gastrocnemius muscles 

on the most knee pain side.

(V) Having central nervous system diseases or peripheral neuropathy.

(VI) The knee pain, VAS > 5 on the most painful side globally. (VI) Having cognitive dysfunction and being unable to cooperate with 

the entire experiment.

(VII) Accepting other treatments for knee OA, including disease- 

modifying osteoarthritis drugs (DOMADs) within the last 3 months.
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Randomization and Allocation 
Concealment
In this study, 90 patients will be divided into equally-sized 
FSN and TENS groups. With regard to the assignment, each 
patient will be given a sealed, opaque envelope that contain 
information on which group they belong to. Eligible and 
consenting patients (ie, participants) will pass the envelope 
to the researchers, who will then pass them on to the doctor 
conducting the operation. The doctor will then open the 
envelope and assign the participant to the FSN group or 
TENS group. Through such a method, the researchers are 
blinded to the group assignment. Specifically, blinding is 
assured through the following methods.

The random numbers will be generated in SPSS soft-
ware (version 22.0, IBM SPSS Statistics, IBM Corp. 
Released 2013. IBM SPSS Statistics for Windows, 
Version 22.0. Armonk, NY: IBM Corp). In addition, 
another person who is not affiliated with this study will 

be responsible for the operation, and the treatment and 
evaluation of the experiment will be conducted by 
a different set of personnel. These ensure that the evalua-
tors are blinded to the group assignment.

Single-Blinding
A single-blind method will be used. Because the partici-
pants and treatment operators cannot be blinded, we 
blinded the personnel in charge of assessing the outcome, 
managing the data, and conducting the statistical analysis. 
The evaluators will be instructed to not communicate with 
the participants about anything that may be remotely 
related to their treatment.

Discontinuation Criteria
Participants Who Request to Withdraw for Any 
Reason
If participants decide to withdraw from all components of 
this study, investigator must discontinue all of the follow-
ing research activities involving that subject’s participation 
in this study, but still retain collected data of those parti-
cipants who withdraw from the research.

Abnormal Adverse Event Measurements at Any Point 
of the Testing Including Syncope, Massive 
Hemorrhage, Local Infection and Systemic Infection
If any of these complications occur during the course of the 
study, all adverse events will be recorded and will be 
reported immediately by the principal investigator. The 
study will be suspended if more than 1 out of the first 10 
patients enrolled in the study group experiences any of 
above situation attributable to the investigational treatment.

Outcomes Measurements
Subjective Pain Intensity, Visual Analog Scales (VAS)15

Participants will be asked to describe how intense the pain 
around their knee is. Pain intensity will be measured using 
the visual analog pain scale. In this experiment, partici-
pants are asked to rate the pain intensity around their knee 
before and after every treatment.

The Western Ontario and McMaster Universities 
Osteoarthritis Index (WOMAC)
The WOMAC16–18 will be used to evaluate how severe 
knee OA is and how effective the treatment is, according 
to the patient’s symptoms and signs. The structures and 
functions of the hip and knee joints are evaluated with 
respect to the 3 major aspects of pain, stiffness, and joint 
function. Descriptions of such functions apply mainly to 

Figure 4 The yellow spot is the insertion point, which is at the 1/3 spot at the near 
end of the connecting line between the anterior iliac spine and the superior border 
of patella.
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the lower limbs. Parts or entirety of the scale can be used. 
Participants will be asked to complete questions based on 
the scale before, 7 days after, and 2 weeks after the first 
treatment. In addition, patients will be asked to rate their 
pain on a 5-point scale (from 0 to 4).

Lequesne’ Index for Pain in Patients with 
Knee OA
Questions based on the Lequesne’ index19 for pain in 
patients with knee OA are divided into 3 parts. In the 
first part, the patient rates their pain and discomfort from 
0 to 8 points from least to most painful (in their clinical 
symptoms). In the second part, the patient’s walking dis-
tance is rated from 1 to 8 points from least to greatest 
difficulty in walking. In the third part, the patient rates 
their ability to use their joints in everyday activity from 0 
to 8 points. The total score ranges from 1 to 24 points from 
the slightest to most severe clinical symptoms. In the 
experiment, the patients complete these questions before, 
7 days after, and 2 weeks after the first treatment. In 
addition, the patients will be asked to rate their pain on 
a 5-point scale from 0 to 4.

Pressure Pain Threshold of MTrPs
The pressure pain threshold of MTrPs20–22 is a semi- 
objective evaluation tool. Pressure algometry is used to 
measure the pressure pain threshold values on the quadri-
ceps, pes anserinus, and gastrocnemius muscles. The mea-
sured points are the MTrPs of the quadriceps and 
gastrocnemius muscles in the muscle belly, and the attach-
ment of tendons of the sartorius, gracilis and semitendinosus 
muscles on the pes anserinus. The machine we use is 
a Tissue Hardness Meter/Algometer Combo (OE-220). We 
will adopt the method recommended by Fischer to measure 
pressure pain thresholds and expressed the unit as N/cm2.

Myotone of MTrPs
The myotone of MTrPs23–25 is a semi-objective evaluation 
tool. A muscle tone measurement device (myometer) is 
used to measure the muscle tone around the MTrPs in the 
quadriceps, and gastrocnemius muscles. The unit for myo-
tone of MTrPs in this study is expressed as Hz. In the 
experiment, the participants will be asked to lie on their 
back for a researcher to measure their muscle tone, stiff-
ness, and elasticity.

Figure 5 Electrotherapy method for the TENS group.
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Gyko
A physical ability detection system (GYKO; 
Microgate)26,27 will be used. This system contains a high- 
speed 3D accelerometer and gyroscope to capture data on 
4 aspects: (1) walking and running, where the rocking 
levels of the torso during walking and running are com-
pared; (2) posture, where the ability of the torso to main-
tain stability and balance when standing still is monitored; 
(3) power, specially used to monitor performance in 
sports; and (4) rehabilitation and biological feedback. 
This system mainly uses 1RM for evaluation, monitors 
the balance of the left and right sides simultaneously, and 
is used to evaluate the extent of damage and progress in 
rehabilitation. Before and after every treatment, the parti-
cipants are asked to wear the GYKO during the experi-
ment. Their gait and movement trajectories, center of 
gravity distribution when trying to balance while standing, 
and balance when transitioning from sitting to standing are 
monitored by the computer.

Complications and Adverse Events 
During and After the Treatment
The study process results in no harm to the participant’s 
health. However, there exists a slight risk of local bleeding 
or bruises after the FSN needle is withdrawn, which is the 
case in general acupuncture treatment. Should locally 
bleeding or bruises occur, the patient can apply direct 
pressure to the affected spot to stop the bleeding and 
apply a warm compress after 24 h. In the entire study 
process, the researchers will document all adverse events. 
All severe adverse events will be reported to the project 
emergency contact and the principal investigator of the 
project to further investigate the cause.

Data Management
After the all data are collected, trained research assistants 
will independently code the data using case report forms. 
Due to the known extremely low risk in FSN and TENS 
treatment, no official Data Safety Monitoring Board is 
required. The researchers will regularly monitor and 
review the experimental data themselves.

Statistical Analysis
The continuous variables are scores for the visual analog 
scale, WOMAC scale, Lequesne’ index, pressure pain 
threshold, muscle tone, stiffness, elasticity, and GYKO. 

The data will be analyzed using a t test, and statistical 
significance is indicated if P < 0.05.

Immediate effects are defined as immediate changes 
before and after every treatment. One-week effects are 
defined as the effects between the first treatment and 7 
days after the treatment. Two-week effects are defined as 
the effects between the first treatment and 2 weeks after 
the treatment. A paired t test will be used for intra-group 
comparisons for the experimental and control groups. An 
independent t test will be used for inter-group 
comparisons.

We will use intention to treat analysis, all recruited 
patients will analyze as randomized regardless of the 
actual treatment received or whether they withdrew before 
the end of follow-up.

Ethics and Dissemination
This study strictly adheres to the medical ethics governing 
all medical personnel. The original medical records of the 
participants will be directly viewed by the host doctor, the 
institutional review board, and the competent authority. In 
addition, the process and data of the clinical experiment 
are checked for legality. In addition, the aforementioned 
personnel promise to never violate participant confidenti-
ality, and the experimental data of all participants will be 
brought to the Rehabilitation Science Institute of China 
Medical University for analysis. The identities of the par-
ticipants will be kept strictly confidential, as stipulated by 
law. Even if the experimental results are made public, the 
participants will be strictly anonymized.

The results of the experiment have been published on 
the ClinicalTrials.gov website and will be published in 
peer-reviewed journals as well as presented in academic 
conferences after the experiment ends.

Study Progression
The clinical trial had been sent to the Institutional Review 
Board in China Medical University & Hospital, Taichung, 
Taiwan and the approval letter was obtained on 
February 17, 2020 with the number of CMUH107-REC3 
-027. The protocol had also been submitted to the 
ClinicalTrials.gov website on April 20, 2020 and got the 
Identifier number of NCT04356651 (https://clinicaltrials. 
gov/ct2/show/record/NCT04356651). The clinical trial had 
been started on July 7, 2020, and completed on 
December 31, 2020. Now, all information and data are 
compiled and processed to statistical analysis.
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Discussion
Knee OA is a common geriatric degenerative disease. It 
causes chronic pain and influences patients’ mobility. It is 
a cause of disability, which substantially reduces the patient’s 
everyday quality of life.28 As the population ages, the inci-
dence rate of knee OA increases, which poses a serious 
public health challenge. Thus, treating and preventing knee 
OA are highly important.

In recent years, FSN has been extensively applied to 
diseases caused by MTrPs, including pain in the soft tissue 
of the joints and other diseases related to internal 
medicine.29–31 According to clinical observations, FSN 
treatment for MTrP-induced soft tissue pain has an instant 
curative effect. In addition, FSN treatment can effectively 
and immediately relieve pain symptoms, with no apparent 
side effects, in the surrounding soft tissue of the knee in 
patients with knee OA.32 However, most of these findings 
have been based on the patient’s subjective description of 
their symptoms. A rigorous evaluation of the curative effect 
of FSN treatment, a non-surgical method, is still lacking - 
despite a belief by patients and practitioners that FSN treat-
ment mitigates the patient’s diminished ability to work.

From the perspective of FSN, knee joint pain in osteoar-
thritis is caused by pathological stress in muscles. Such 
muscles are referred to as pathological tightened muscles 
(TMs). The concept of TM was proposed by Prof. 
Zhonghua Fu in 2014, who asserted that a TM occurs when 
the central nervous system is relaxed but the target muscle is 
fully or partially stiff. TMs are closely related to MTrPs, and 
in general, TMs are formed on MTrPs. A single or multiple 
MTrPs might exist within a TM. The causes of TM are 
mainly ascribed to tightness and cramps induced by ischemia 
or hypoxia in local muscle tissues, which reduce muscle 
contraction and cause muscle stiffness and tightness. 
Patients with TMs might also experience soreness, swelling, 
or other types of discomfort in local muscles. In patients with 
knee OA, TMs mostly occur in the thigh or calf, in which 
local muscles experience tightness or cramps for an extensive 
period. Under this condition, the knee joint must adapt to the 
continuous stress load, which eventually causes hyperostosis 
and bone damage. FSN treatment aims to restore and 
enhance knee joint function by eliminating TMs, alleviating 
muscle tightness and cramps, and reducing pain.33,34

The FSN treatment has clinical value and a scientific 
basis. However, a deeper and more systematic study of its 
mechanisms is still lacking. We expect our experiment to 
verify whether FSN effectively treats pain in the 

surrounding soft tissue of the knee in patients with knee 
OA. This study will also discuss the mechanisms under-
lying FSN treatment regarding how the treatment at the 
remote end influences the MTrPs in the near end. Our 
study places FSN treatment on a more robust, scientific 
basis for use by clinicians.

Conclusion
The findings of this study will reveal whether Fu’s sub-
cutaneous needling or transcutaneous electrical nerve sti-
mulation which is superior to clinical application for 
treating pain due to knee OA. In addition, focus on 
mechanism expounding to improve research methods and 
selecting more objective evaluation system, in order to 
play a reference role in the future research on Fu’s sub-
cutaneous needling treatment of knee OA.
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