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ABSTRACT

Introduction Knee osteoarthritis is a common form of
arthritis in elderly patients that is characterised by pain
and functional limitation. Moxibustion has been employed
to relieve chronic pain as an alternative therapy for knee
osteoarthritis. However, the evidence of its efficacy is
equivocal due to the low methodological quality in most
clinical studies. Therefore, we are performing a doubleblinded, double-placebo, randomised controlled trial to
evaluate the efficacy of moxibustion in participants with knee
osteoarthritis.
Methods and analysis This is a multicentre, double-blinded,
double-placebo, randomised controlled clinical trial. 144
eligible participants with knee osteoarthritis will be randomly
assigned to two different groups in a 1:1 ratio. Participants
in the moxibustion group will undergo active moxibustion
plus placebo gel, whereas participants in the control group
will receive diclofenac sodium gel plus placebo moxibustion.
Each participant will receive 12 sessions of active/placebo
moxibustion at three acupoints (ST35, ST36 and EX-LE4)
as well as 2 months of follow-up. Diclofenac sodium gel or
placebo gel at a dose of 4 g per knee will be applied three
times per day for 4 weeks. The primary outcome measure
will be the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score change at the end of the
intervention period from baseline. The secondary outcome
measures include changes of other subscales (pain, stiffness
and function) of WOMAC, visual analogue scale and patient
globalassessment. The safety of moxibustion and diclofenac
sodium gel will be assessed at every visit.
Ethics and dissemination This trial has been approved by
the Sichuan Regional Ethics Review Committee (permission
number: 2015KL-014). The results of this study are expected
to provide clinical evidence on the efficacy of moxibustion
for pain relief and physical function improvement in patients
with knee osteoarthritis. The findings will be submitted for
publication in peer-reviewed medical journals and presented
at relevant academic conferences.
Trial registration number NCT02769572.

BACKGROUND
Osteoarthritis (OA) is the most common form
of joint disease that most frequently affects

Strengths and limitations of this study
►► This study is the first double-blinded, double-

placebo, randomised controlled trial comparing
moxibustion versus diclofenac sodium gel for
pain relief and physical function improvement in
participants with knee osteoarthritis.
►► Methodological
rigour, including adequate
concealment of random allocation, strict quality
control and the use of a valid placebo moxibustion
device aim to reduce the risk of bias.
►► A limitation of this study is that there is no long-term
follow-up.

the knee joint.1 Pain and functional limitation
are the primary clinical symptoms of knee OA
that prevent patients from engaging in their
usual activities.2 Data have shown that 19.4%
of people aged >60 years experience symptoms of knee OA.3 It is estimated that more
than 20 million Americans and 35–40 million
Europeans suffer from OA.4 The currently
recommended non-pharmacological and
pharmacological treatments for OA aim to
control pain and improve physical dysfunction.5 6 Oral non-steroidal anti-inflammatory
drugs (NSAIDs) have become integral to the
management of OA. However, these drugs have
significant dose-related risks of gastrointestinal,
cardiovascular and renal adverse events.7–10 As
a first-line alternative medicine and a relatively
new option for relieving pain due to knee OA,
topical NSAIDs have shown equivalent efficacy
compared with oral NSAIDs11 and have been
known to minimise the risk of adverse events
compared with oral NSAID exposure.12 A
recent meta-analysis revealed that the administration of topical diclofenac is effective in
providing pain relief as a treatment for OA,
although improvements in physical function
are unclear.13 Consequently, researchers have
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gradually turned their attention to non-pharmacological
therapies such as acupuncture and moxibustion.14
Moxibustion is a traditional oriental therapy that
treats diseases through thermal stimulation by burning
herbs, primarily Artemisia vulgaris, at specific spots on
the skin.15 In the clinic, moxibustion is widely used to
treat various diseases and their indications including
OA.16 Clinical studies have shown that moxibustion is
effective in treating knee OA.17–20 In a recent systematic
review including 13 randomised controlled trials (RCTs)
with a total of 1309 patients, the effects of moxibustion
on the target population were found to be nearly equal
to the effects of oral drug and intra-articular injection.21
However, the risk of bias was high in most of the included
studies because of low methodological quality, owing to
inappropriate control group setting and a lack of suitable
double blinding methodology. So the role of moxibustion
in knee OA is still a matter of controversy.

For these reasons, it is necessary to design a rigorous
trial to evaluate the effectiveness of moxibustion
in treating knee OA. So we decided to perform a
randomised, double-blinded, double-placebo clinical
study (online supplementary file) to investigate the efficacy of moxibustion in participants with knee OA.
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METHODS
Study design
This is a multicentre, double-blinded, double-placebo,
randomised controlled clinical study. The total duration
of the trial will be 2 years, from May 2016 to July 2018.
Fifteen clinical research centres in China will participate
in this trial: Affiliated Hospital of Chengdu University
of Traditional Chinese Medicine (TCM); Chengdu First
People’s Hospital; Sichuan Second Hospital of TCM; Sport
Hospital Attached to Chengdu Sport Institute; Sichuan
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Figure 1 Flow chart of the study procedure.
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Recruitment
Two strategies will be used to recruit participants with
knee OA. First, participants will be recruited from the
outpatient departments of the participating hospitals.
Second, printed recruitment posters will be distributed
in each participating hospital and nearby communities
by researchers. The posters will contain a brief introduction about the trial, the details of free treatments offered
to eligible participants and the contact information of
the researcher. Participants who are interested in participating in this study can contact the researcher directly.
The first participant was included on 24 May 2016.
Participants
Inclusion criteria
Participants will be included if they meet the following
the criteria: (1) male or female gender, aged between
40 and 75 years and having knee OA diagnosed
according to American College of Rheumatology
criteria5; (2) radiological confirmation of OA in one
or both knees (Kellgren-Lawrence score of 2 or 3); (3)
had knee pain for a duration of more than 3 months;
(4) the average severity of knee pain being at least 3
points on a 10-point visual analogue scale (VAS); (5)
willingness to be randomly assigned and comply with
our study protocol; and (6) agreed to sign the consent
form.

insulin injection; life-threatening cardiovascular or
neurological events; chronic respiratory disease;
bleeding disorders; clinically active renal, hepatic or
peptic ulcer diseases and serious mental diseases; (3)
have undergone knee replacement surgery or arthroscopy of the affected knee within the past year, or received
steroid or hyaluronic acid injection in the knee joints
within the previous 3 months; (4) have received physiotherapy including acupuncture or cupping for knee
pain during the previous 4 weeks; (5) have had previous
experience with moxibustion treatment; (6) are pregnant or lactating women; and (7) are participating in
another clinical trial.
Randomisation and allocation concealment
Randomisation will be performed using a computerised
random number generator operated by an independent
statistician from the centre with no clinical involvement
in this trial. The generated list of random numbers will be
concealed using sequentially numbered, opaque, sealed
envelopes. The participants’ screening sequence numbers
will be printed outside the envelope, whereas the group
names will be printed inside. After a participant has met all
selection criteria and completed the baseline assessments,
the researcher will inform the statistician in the centre. The
statistician will open the envelope according to the participant’s screening sequence number and then assign the
participant to either the moxibustion group or the control
group.
Blinding
This is a double-blinded trial as the practitioners and
the participants are both unaware of the assignments.
The active moxibustion devices plus placebo gel will
be placed together in one treatment room, whereas
diclofenac sodium gel plus placebo moxibustion devices
will be placed together in another treatment room. Each
treatment room will have a designated practitioner to
perform the active or placebo moxibustion. The study
coordinator in every participating hospital, who will not
be involved in treatment or assessment, will inform the
participants about which treatment room they will need
to go to receive moxibustion. Similarly, the outcome
assessors and the data analysts will also be blinded to the
allocation throughout the study.

Exclusion criteria
Participants will be excluded from the study if they: (1)
have pain in the knee that may be caused by inflammatory, malignant, autoimmune disease or traumatic
injury; (2) have serious diseases including cancer,
uncontrolled hypertension, diabetes mellitus requiring

Interventions
Drug administration
Participants in the control group will receive diclofenac
sodium gel, while placebo gel will be administered to
the moxibustion group. The placebo gel will be identical in composition to diclofenac sodium gel, except
for the absence of diclofenac sodium, and have no
counterirritant or other analgesic properties that
might confound efficacy assessments. The two treatments will also be identical in appearance, smell and
texture. Participants will be provided with detailed
instructions for the use and application of the gel.
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Orthopaedic Hospital; Pi Country People’s Hospital;
Xinqiao Hospital, Third Military Medical University;
Xinjin Hospital of TCM; Medical Center Hospital of
Qionglai City; Chongqing Traditional Chinese Medicine Hospital; Affiliated Hospital of Shaanxi University
of Chinese Medicine; Xi’an Honghui Hospital; Nanjing
Hospital of TCM; Affiliated Hospital of Nanjing University of TCM and Central Hospital of ZiBo. This protocol
has been approved by the Sichuan Regional Ethics Review
Committee (permission number 2015KL-014). Written
consent will be obtained from each participant prior to
enrolment. Eligible patients will be randomly assigned to
the moxibustion group (active moxibustion plus placebo
gel) or the control group (diclofenac sodium gel plus
placebo moxibustion) in a 1:1 allocation ratio. The duration of the study period is 13 weeks, with a 1-week run-in
period, 4-week treatment phase and 8-week follow-up
phase. Outcome measurements will be evaluated at week
0 (baseline), week 2, week 4, week 8 and week 12. The
evaluation of participants and the analysis of the results
will be performed by appointed professionals blinded to
the group allocation. A flow chart of the trial procedure
is presented in figure 1.

Open Access

A dose of 4 g diclofenac sodium gel or placebo gel
will be applied to the surface of each affected knee
three times daily for 4 weeks. During a run-in period
of 1 week and the treatment period, participants will
refrain from using any NSAIDs or analgesics except
for a ‘rescue analgesic’ (1–2 tablets of 500 mg acetaminophen orally as needed, maximum 4 g/day), but
the use of rescue medicine use will be recorded by
participants in the their diaries.
Moxibustion devices
We will apply the novel moxibustion device that was
invented by Professor Zhao of Beijing University of
TCM (figure 2). This device is composed of three
parts: a cylindrical cardboard tube, a cylindrical cap
and a moxa pillar with magnet in the top; the base of
the device is an adhesive membrane (figure 2A). The
placebo moxibustion device resembles the active one
in appearance, except the bottom of the device. The
active moxibustion device has holes at the bottom
to allow heat and smoke to radiate to the acupoints
(figure 2B), but the placebo moxibustion device has
a thermal insulation board over its bottom to isolate
the smoke and most of the heat, preventing them from

radiating to the skin (figure 2C). Reliability of this
device was previously tested and validated by Zhao and
colleagues.22
Moxibustion treatment procedure
According to the theory of TCM and based on previous
clinical trials,23 24 we will select three standard acupuncture points: ST35, ST36 and EX-LE4. Practitioners will
have at least 5 years of training in acupuncture and
moxibustion. Three sessions per week will be performed
during a 4-week period for a total of 12 sessions. During
treatment, participants can choose to sit or lie down in
a supine position with the affected knee(s) exposed.
The active or placebo device will be affixed at each
acupoint in the affected knee(s), then practitioners
will twist off the cap and fix the moxa pillar to the cap.
Once the moxa pillar is lit, the cap will be installed on
the cylindrical cardboard tube. The distance between
the burning moxa pillar port and skin is about 1 cm.
After burning, the residual pillar will be removed with
tweezers, and another pillar will be inserted and lit. A
moxa pillar burns for about 10 min, and three consecutive moxa pillars will be burned at each point making
each treatment session last about 30 min.

Table 1 Time of visits and data collection
Baseline

Treatment phase

−1st week

Week 0

Patients
 Informed consent

×

 Demographics

×

 Medical history

×

 Physical examination

×

 Knee X-ray

×

 Randomisation

×

Intervention

×

Follow-up phase

2 weeks

4 weeks

×

×

1 month

2 months

Outcomes
 WOMAC

×

×

×

×

×

 VAS

×

×

×

×

×

×
×

×
×

×
×

×
×

 PGA
 Adverse events

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; VAS, visual analogue scale; PGA, patient global assessment.
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Figure 2 Diagram of the moxibustion device. (A) The components of the device: 1, cylindrical cardboard tube; 2, the base
of the device with an adhesive membrane; 3, cylindrical cap; 4, moxa pillar with a magnet at the top. (B) The treatment
moxibustion device: 5, the bottom with holes to allow heat and smoke to radiate to the acupoints. (C) The placebo
moxibustion device: 6, the bottom with a thermal insulation panel to block smoke and heat; 7, the thermal insulation board.
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Primary outcome
The primary outcome measure will be the mean change
in the global scale value of the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
from baseline to 4 weeks. The WOMAC is designed to
measure dysfunction and pain associated with OA; it
includes three subscales to measure pain (five questions),
stiffness (two questions) and physical function (17 questions) in knee OA, with higher scores indicating more
severe impairment.25 26 The Likert version of the WOMAC
rates each question on an ordinal scale of 0–4, with lower
scores indicating lower levels of symptoms or physical
disability.27 This method has been widely used in clinical
trials to assess the OA of the knee or hip;28–30 if both knees
were affected, the more severe knee will be assessed.
Secondary outcomes
The secondary outcomes include the mean changes in the
WOMAC subscales (pain, stiffness and function) at 2, 4,
8 and 12 weeks from baseline. The pain intensity of knee
OA will be assessed using the VAS, which is a 100 mm line
ranging from 0 (no pain) to 100 (worst possible pain).31
We will evaluate the mean change in the VAS at 2, 4, 8 and
12 weeks from baseline. The patient global assessment is
a single-item, patient-reported outcome measure to assess
aspects of pain control other than pain intensity.32 Participants individually evaluate their improvement from
baseline by selecting one of five options (much improved,
minimally improved, no change, minimally worse or
much worse) at 2, 4, 8 and 12 weeks.
Adverse events
Any adverse events (described as unfavourable or unintended signs, symptoms or diseases occurring after
treatment) related to moxibustion and diclofenac sodium
gel will be observed and reported by participants and
practitioners during each visit. In addition, all vital signs
and adverse events will be recorded in detail in the case
report form (CRF) by the corresponding research staff.
The outcome measurement time points are provided in
detail in table 1.

Data management and monitoring
Data collection will be performed at baseline and at 2, 4,
8 and 12 weeks after the intervention for the moxibustion group and the control group. A data managing and
monitoring board will be set up to supervise data acquisition and entry. Adverse events or unintended effects
of moxibustion or diclofenac sodium gel will first be
recorded in the CRFs by physicians who are in charge,
then the physicians will call the data monitoring centre
within 24 hours. Collected data will be entered into electronic CRFs(eCRFs) with double entry. The eCRFs will be
uploaded to a central server. The principal investigators
will have access to the data. In principle, clinical information will not be released without the permission of
the principal investigator, with the exception of an emergency or as necessary for monitoring and auditing by the
data monitoring committee (DMC). The DMC comprises
an orthopaedist, a medical statistician and an epidemiologist, who is independent of the investigators and sponsors.
The role of the DMC is to audit the trial conducted every
month after the trial starts and write monthly reports on
recruitment of participants, compliance of participants
to the assigned treatment and whether the CRFs are
correctly filled in.
Sample size
The primary efficacy parameter is the decrease of WOMAC
score from baseline to the end of treatment after 4 weeks.
According to the previous literature and our pilot study,
we assume a reduction of 36% in the WOMAC score to be
effective.33 34 The statistical power is 0.90, and the significance level is 0.05; it is estimated that the dropout rate
is 20%; the sample size will be n=72 for each group (total
n=144).

Quality control
All practitioners, assessors and statisticians will receive
training uniformly prior to the trial to guarantee the use
of consistent practices among the 15 clinical research
centres. The training programme includes training on
diagnosis of knee OA, inclusion and exclusion criteria,
standard operation procedures, observation time,
outcome measures, the completion of CRFs, locations of
the acupoints and data processing of moxibustion manipulation techniques throughout the study. Treatment and
placebo moxibustion will be performed by acupuncturists
with at least 5 years of training in acupuncture and moxibustion. The study will be regularly monitored by clinical
monitors to ensure the quality of the trial.

Statistical analysis
The data analysis will be performed by an independent
statistician using the Statistical Package for the Social
Sciences V.19.0 statistical software package. Significant
levels will be set at p<0.05. All analyses will be based on
the intention-to-treat principle. Missing values will be
handled by the modern imputation methods which will
be accomplished using a set of repeated imputations
created by predictive models based on the majority of
participants with complete data. Demographic characteristics and other baseline values will be described using
descriptive statistics for each group. Continuous variables
with normal distribution will be expressed as the means
with SD; for abnormally distributed variables, the data will
be expressed as medians with a centile range (such as the
25th and 75th centiles). Numbers and proportions will be
used to describe the categorical variables. Between-group
differences in primary and secondary outcomes will be
tested using repeated measures analyses of variance.
Considering that the efficacy might be affected by factors
such as age, degree of disease and course of disease, all
factors will be considered as covariates for covariance
analysis.
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Dissemination
The study results will be disseminated via conference presentations and papers published in academic
peer-reviewed journals. The participants, healthcare
professionals, the public and other relevant groups will
also be informed of the study results.
Confidentiality
In order to protect confidentiality before, during and
after the trial, all investigators will always maintain a strict
privacy policy. Participants’ information will be stored in
locked file cabinets at the study sites with limited access;
only investigators have the right to access the data. After
the trial, all paper and electronic versions of the CRFs will
be preserved in the secure research archives at Chengdu
University of TCM for 10 years and will only be viewed by
the research team. Participants will also have the right to
know their personal data and the final study results.
DISCUSSION
The objective of this study is to evaluate the effectiveness and safety of moxibustion for treating knee OA.
The highlight of this trial is that the double-blinded,
double-placebo design has been used for the first time
in moxibustion clinical trials. Adequate concealment of
random allocation, strict quality control and the use of
a valid placebo moxibustion device are the strengths of
this study. A limitation of this study is that there is no
long-term follow-up because the short-term superiority
of moxibustion over diclofenac sodium gel for the treatment of knee OA has not been confirmed.
Double-blinding is a crucial aspect of study design for
accurately measuring the efficacy of any treatment in
a clinical trial, where both participant and practitioner
are masked to the treatment condition.35 In high-quality
RCTs, placebo control is always adopted to maintain the blinding method. In this study, we will adopt
the double-placebo design for placebo moxibustion in
the control group, while the placebo gel will be applied
to the moxibustion group to achieve double-blinding.
This design is an important methodology for reducing
bias that was first introduced in a clinical trial to compare
indomethacin and phenylbutazone for the treatment
6

of a variety of rheumatic diseases in the 1960s.36 From
then on, the double-placebo design was widely used to
compare drugs that were administered by different routes
in the pharmaceutical drug trials.37 38 In acupuncture clinical trials, Wang et al39 first applied this design to evaluate
the efficacy of acupuncture for migraine prophylaxis.
However, the double-placebo design is seldom used to
assess the effect of moxibustion compared with drugs or
other physical therapies in treating knee OA in previous
studies. So, we adopted this rigorous design to compare
the efficacy of moxibustion and diclofenac sodium gel in
treating OA of the knee.
In conclusion, the results of this trial will help to
provide evidence on the efficacy of moxibustion for pain
relief and physical function improvement in patients with
knee OA. It is also expected to provide reliable raw data
for systematic review and evidence-based medicine.
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