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Abstract
Objective
The purpose of this study was to evaluate the difference of e cacy between moxibustion (experimental
group) and local diclofenac sodium gel (control group) in the treatment of knee osteoarthritis (KOA).
Methods
A multicenter, double-blinded, double-placebo, randomized controlled clinical trial was conducted in this
research. 144 participants with knee osteoarthritis were randomly divided into two groups according to
1:1 ratio. The participants in the experimental group were treated with active Moxibustion plus placebo
gel, whereas the control group was given diclofenac sodium gel plus placebo moxibustion. Moxibustion
treatment was administrated at 3 acupoints (EX-LE4, ST35, ST36) for 4 weeks in 12 sessions. The entire
trial cycle lasted 13 weeks, including 1 week at baseline, 4 weeks at treatment and 8 weeks at follow-up.
Diclofenac sodium gel or placebo gel at a dose of 4 g per knee were applied three times per day for 4
weeks. The primary outcome measures were the changes in the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). Secondary outcome measures included changes in other
subscales of WOMAC (pain, stiffness and function), visual analogue scale (VAS) and participant overall
assessment (PGA).
Results
The analysis showed that both the experimental group and the control group at 2 weeks, 4weeks, 8weeks
and 12 weeks were statistically signi cant compared with baseline (P <0.05). There was no signi cant
difference between the two groups in the rst four weeks (P > 0.05). At 8 weeks, WOMAC total score (95%
CI, 4.3 [0.5 to 8.1], P=0.03), pain score (95% CI, 1.0 [0.2 to 1.9], P=0.02) and functional score (95% CI, 3.0
[0.1 to 5.8], P=0.04) the control group are better than the experimental group (P < 0.05). At 12 weeks, there
were no signi cant difference between the two groups (P > 0.05).
Conclusions
During the treatment, moxibustion has the same therapeutic effect as local diclofenac sodium gel, which
can alleviate the pain of KOA participants to different degrees, rigidity and dysfunction. The therapeutic
effect of it can basically maintained until 2 months after treatment. Local diclofenac sodium gel was
superior to moxibustion in relieving knee pain and knee dysfunction at 8 weeks.
Trial registration number Clinical Trials.gov, NCT02769572.
Date of trial registration May 2016
These authors contributed equally to this work.
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Introduction
Knee osteoarthritis (KOA) is a common chronic disease, with the main manifestations of pain, swelling
and dysfunction of the joint. KOA affects the functional activities and quality of life of the elderly
seriously [1], and is one of the main diseases of chronic disability[2].
For the treatment of KOA, non-steroidal anti-in ammatory analgesic drugs which have become an
important part of the treatment of KOA are the main treatment of western medicine. Oral non-steroidal
anti-in ammatory drugs (NSAIDs) have become an important part of the treatment of KOA. However,
these drugs have a signi cant dose-related risk of gastrointestinal, cardiovascular and renal adverse
events[3–6]. As a rst-line alternative to drugs and a relatively new option for relieving knee pain, topical
NSAIDs have the same e cacy as oral NSAIDs[7]. Currently, diclofenac as one of the topical NSAIDs, is
considered by the European and American markets as an effective and safe topical medicine, such drugs
can be used as the preferred drug for KOA pain[8], [9], [10], [11].
Moxibustion is one of the characteristics of Traditional Chinese Medicine treatments, which is a kind of
natural therapies to treat the disease and keep health by burning herbal (Mugwort or Moxa) and
stimulating acupoints[12]. In the clinic, moxibustion is widely used to treat various diseases and their
indications, including OA[13]. The evidence shows that pain can be alleviated and the life quality can be
improved after intervention by moxibustion therapy[14, 15]. Modern studies have found that moxibustion
can reduce the role of local in ammation and repair of articular cartilage cells by inhibiting the
expression of in ammatory reaction cytokines, reducing the content of enzymes associated with articular
cartilage metabolism and activating endogenous opioid substances in the body [16], [17], [18]. Clinical
studies have shown that moxibustion is effective in the treatment of KOA[19], [20],[ 21]. In a recent
systematic review including 13 randomized controlled trials (RCTs) with a total of 1309 participants, the
effects of moxibustion on the target population were found to be almost equal to the effects of oral drug
and intra-articular injection[22]. The most recent systematic review and meta-analysis of moxibustion in
the treatment of KOA show that moxibustion, compared with sham moxibustion and oral drugs, is
effective for pain reduction and symptom management in KOA[23]. However, due to the inappropriate
placement of control groups and the lack of appropriate double-blind methods, the risk of bias is high in
most of the studies included because of the low quality of methodologies. Therefore, the role of
moxibustion in KOA is still a controversial issue.
For these reasons, it is necessary to design a rigorous trial to evaluate the difference of e cacy between
moxibustion and local diclofenac sodium gel in the treatment of KOA. Because of the particularity of
moxibustion therapy, it is relatively di cult to make blind methods clinically, so we have implemented a
rigorous double-blind, double-placebo, randomized controlled trial to observe the exact effect between
moxibustion and local diclofenac sodium gel in treating KOA.

Methods
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Setting and Study Population
We performed a multi-center, randomized, double blinded clinical trial for 13 weeks from May 2016 to
July 2018. The trial protocol adhered to the CONSORT (Consolidated Standards of Reporting Trails) and
STRICTA (Standards for Reporting Interventions in Clinical Trials of Acupuncture) guidelines[24]. The
protocol was published previously[25]. This research has been approved by the Sichuan Regional Ethics
Review Committee (permission number 2015KL–014).
All participants gave their oral and written informed consent. Participants mainly recruited to outpatient
or inpatients in multiple clinical centers participated in this trial: A liated 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 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; A liated Hospital of
Shaanxi University of Chinese Medicine; Xi’an Honghui Hospital; Nanjing Hospital of TCM; A liated
Hospital of Nanjing University of TCM and Central Hospital of ZiBo. Fifteen moxibustion operators took
part in the study.
The inclusion criteria were as follows: (1) male or female gender, aged between 40 and 75 years and
having KOA diagnosed according to American College of Rheumatology criteria5[26]; (2) radiological
con rmation 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 10point visual analogue scale (VAS); (5) willingness to be randomly assigned and comply with our study
protocol; and (6) agreed to sign the consent form. Participants excluded from the research if they: (1)
have pain in the knee that may be caused by in ammatory, malignant, autoimmune disease or traumatic
injury; (2) have serious diseases including cancer, uncontrolled hypertension, diabetes mellitus requiring
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.

Interventions
Moxibustion operators are professionals in acupuncture and moxibustion and have obtained Traditional
Chinese Medicine practitioners. Before the beginning of the trial, they have been trained in the standard
operating procedures for clinical studies organized by the research group.
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According to the relevant research, we chose three acupoints for moxibustion treatment, including ExLE4,
ST35 and ST36[27, 28]. 30 minutes of treatment were delivered 3 times per week, for 4 weeks, with 12
sessions in total.
A total of two groups were designed in this trial, namely the experimental group (moxibustion and
placebo gel group) and the control group (diclofenac sodium gel and placebo moxibustion group).
Experimental group used a moxa device invented by Professor Zhao of Beijing University of TCM[29]. The
active moxibustion device had holes at the bottom to allow heat and smoke to radiate to the acupoints,
but the placebo moxibustion device had a thermal insulation board over its bottom to isolate the smoke
and most of the heat, preventing them from radiating to the skin.
In the course of the research, the participants was given a placebo gel (placebo gel In addition to the
absence of an effective ingredient diclofenac sodium and no irritant or analgesic substances such as
may affect the curative effect of the ingredients, and in other composition, appearance and odor is as
same as therapeutic gel), and every time to take 4g gel coating on each lesion knee, 3 times a day for 4
weeks. At the same time, the control group received 4g diclofenac sodium gel applied to the diseased
knee joint.

Randomization and Blinding
Randomization method adopted the central stochastic and data management of the subject group. The
random number was generated by the SPSS19.0 statistical software, which was independent of the
clinical trial statistics. The statisticians recorded random allocation cards with serial numbers, random
numbers, and groups. Envelopes were encoded by serial number, sealed in opaque, and lined up in
sequential order. After the participants met all the selection criteria and completed the baseline
assessment, the researchers informed the center’s statistician. The statistician opened the envelope
based on the participant’s screening number and then assigned the participant.
This was a double-blind trial, and neither the practitioner nor the participant knew about the assignment.
Participants were treated in two separate rooms, and they were unaware of the task. Each treatment room
has a designated doctor performing active or placebo moxibustion. The research coordinators at the
participating hospitals did not participate in the treatment or evaluation, but only told the subjects which
treatment room they needed to go for moxibustion. Similarly, evaluators and data analysts were unaware
of the assignments throughout the research.

Measurements
Participants completed questionnaires at baseline, at the 2-and 4-week visits (the latter was the end of
treatment), and at the 8-and 12-week follow-up visits (by telephone). The main outcome index is the
change of total score of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
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questionnaire, and the secondary outcome index includes WOMAC pain, stiffness, physiological function
score, VAS score and PGA score[30]. Side effects of treatment, adverse events, and use of medication
were also recorded. All data acquisition, processing, and analyses were performed by research staff who
were blinded to group allocation.

Sample Size
According to the literature, a reduction of the WOMAC index at least 36% is effective[31] [32]. The
signi cance level is 5% and statistical power is 90%. With the dropout rate of 20%, we planned to enroll
144 participants in the 2 groups, with 72 participants in each group.

Statistical Analysis
The description of baseline characteristics and clinical outcomes is based on the intended treatment
population. Analysis was performed by SPSS software (SPSS 21.0, SPSS Inc, Chicago, IL, USA). The
therapeutic effect on the outcome data was expressed as the difference in mean change, expressed as
95% CI. P value < 0.05 was considered statistically signi cant, and the test was bilateral. Population and
baseline data were analyzed by standard descriptive statistics. We compared the WOMAC scale and VAS
scores of the experimental group and the control group, and compared the two groups with the baseline.
Non-parametric test (t test) was used to compare the difference of the average change of each result.
Therapeutic effect changes between two groups were compared by the χ2 test. Analysts do not know that
grouping is in all statistical analysis.

Results
From May 2016 to January 2018, 372 participants screened by telephone, and 183 attended the clinical
screening. In all, 144 participants were recruited, and 139 were randomly assigned to treatment ( gure 1).
After 12 weeks, 5 participants (3 in the experimental group and 2 in the control group) had dropped out
and were not contactable. Participants had a mean age of 59.0 years and 102 (73.3%) were women.
Table 1 presents the baseline characteristics of the participants with KOA. And 66 participants (48%) had
been diagnosed with KOA for 1 to <5 years. The groups were balanced at baseline (Table 1).
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Table 1
Baseline characteristics by study group
Experimental group
Characteristic

n=69

Control group
n=70

All Participants
n=139

Demographic Characteristic
Female sex, No. (%)

51(73.9)

51(72.9)

102(73.3)

Age, mean (SD), y

57.6(10.5)

60.3 (9.9)

59.0(10.2)

Height, mean (SD), cm

161.9(6.7)

162.2(7.4)

162.1(7.0)

Weight, mean (SD), kg

64.9(12.0)

63.3(10.3)

64.1(11.2)

BMI, mean (SD)

24.7(4.3)

24.1(3.1)

24.4(3.7)

Symptom duration, No. (%)
<1 y

14(20)

19(27)

33(24)

1 to <5 y

39(57)

27(39)

66(48)

5 to<10 y

10(15)

14(20)

24(17)

≧10 y

6(9)

10(14)

16(12)

Glucosamine products

4(6)

1(1)

5(4)

Analgesia

1(1)

0(0)

1(1)

Moxibustion

1(1)

2(3)

3(2)

Acupuncture

0

1(1)

1(1)

Medication use, No. (%)

Past treatment, No. (%)

Abbreviations: BMI, Body Mass Index (Calculated as weight in kilograms divided by height in meters
squared).
Table 2 and 3 summarize continuous outcomes. Both the experimental group and the control group
moderately relieved pain and stiffness and improved function compared with baseline, and the effect
were maintained at 12 weeks. The analysis showed that there was no signi cant difference in all scores
between the experimental group and the control group from 0 to 4 weeks (Table2 and 3, P>0.05). At 8
weeks, there were signi cant differences in WOMAC total score, pain score and functional score (Table2
and 3, P < 0.05), indicating that the curative effect of the control group was better, while there were no
signi cant differences in other scores (Table2 and 3, P > 0.05). At 12 weeks, there was no signi cant
difference between the two groups (Table2 and 3, P > 0.05).
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Table 2
Outcome Measurements During the Entire Study
Outcome
Measure

Experimental
group (n=69)

Control group
(n=70)

Mean Difference

P Value

(95% CI)

WOMAC subscale score
Total score
Baseline

34.3(14.3)

32.4(16.6)

1.9(-3.3 to 7.1)

0.47

2 weeks

26.1(13.0)

26.3(16.3)

-0.2(-5.2 to 4.7)

0.93

4 weeks

22.5(13.7)

19.4(13.6)

3.1(-1.5 to 7.7)

0.18

8 weeks

19.2(12.8)

14.9.8(9.9)

4.3(0.5 to 8.1)

0.03

12 weeks

17.4(12.5)

14.4(9.0)

3.0(-0.7 to 6.6)

0.11

Baseline

7.4(3.3)

7.0(3.3)

0.4(-0.7 to 1.5)

0.43

2 weeks

5.4(3.1)

5.7(3.5)

-0.3(-1.4 to 0.8)

0.60

4 weeks

4.7(2.8)

4.3(2.9)

0.3(-0.6 to 1.3)

0.23

8 weeks

4.1(2.6)

3.1(2.4)

1.0(0.2 to 1.9)

0.02

12 weeks

3.7(2.7)

3.1(2.2)

0.6(-0.2 to 1.5)

0.13

Baseline

2.4(1.8)

2.0(1.9)

0.4(-0.2 to 1.0)

0.24

2 weeks

1.7(1.5)

1.4(1.4)

0.3(-0.2 to 0.8)

0.18

4 weeks

1.4(1.6)

1.1(1.3)

0.3(-0.2 to 0.8)

0.30

8 weeks

1.1(1.3)

0.8(1.1)

0.3(-0.1 to 0.7)

0.15

12 weeks

1.0(1.3)

0.8(0.9)

0.1(-0.2 to 0.5)

0.45

Baseline

24.5(10.4)

23.4(12.8)

1.1(-2.8 to 5.0)

0.57

2 weeks

19.0(9.4)

19.3(12.5)

-0.3(-4.0 to 3.4)

0.87

4 weeks

16.4(10.1)

13.9(10.1)

2.5(-0.9 to 5.9)

0.15

8 weeks

13.9(9.6)

11.0(7.1)

3.0(0.1 to 5.8)

0.04

12 weeks

12.7(9.4)

10.5(6.7)

2.2(-0.5 to 4.9)

0.12

Pain

Stiffness

Function

VAS score
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Baseline

3.6(1.2)

3.6(1.2)

0.0(-0.4 to 0.4)

0.91

2 weeks

2.8(1.0)

3.0(1.1)

-0.1(-0.5 to 0.2)

0.52

4 weeks

2.3(1.0)

2.4(1.0)

0.1(-0.4 to 0.3)

0.61

8 weeks

2.2(1.0)

2.3(1.0)

0.0(-0.4 to 0.3)

0.78

12 weeks

2.0(1.0)

2.2(1.0)

-0.2(-0.5 to 0.2)

0.31

Abbreviations: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; VAS, Visual
Analog Scale. The pain score is from 0 to 20. The stiffness score is from 0 to 8. The function score is
from 0 to 68. The total score is from 0 to 96. The VAS score is from 0 to 10. The higher score
indicates worse function.
Experimental group and control group data are expressed as mean (SD) unless stated otherwise.
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Table 3
PGA at follow-up, Values are No. (%) of participants unless stated otherwise
Outcome Measure

Experimental group
(n=72)

Control group (n=72)

P Value

Much improved

14(19)

14(19)

0.36

Minimally improved

49(69)

43(61)

No change

8(11)

14(19)

Minimally worse

0

0

Much worse

0

0

Missing data

1(1)

1(1)

/

Much improved

15(21)

21(30)

0.50

Minimally improved

49(69)

43(61)

No change

5(6)

5(6)

Minimally worse

0

1(1)

Much worse

0

0

Missing data

3(4)

2(2)

/

Much improved

19(27)

19(27)

0.84

Minimally improved

41(57)

44(61)

No change

9(12)

7(10)

Minimally worse

0

0

Much worse

0

0

Missing data

3(4)

2(2)

/

Much improved

21(30)

18(26)

0.45

Minimally improved

39(54)

43(60)

No change

9(12)

7(10)

Minimally worse

0

2(2)

2 week

4 week

8 week

12 week
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Much worse

0

0

Missing data

3(4)

2(2)

/

Abbreviations: PGA, Patient global assessment

Adverse events
Two participants (1 in the experimental group and 1 in the control group) reported adverse events within
12 weeks (Table 4). One participant in the experimental group developed blisters caused by moxibustion
in the fourth week and recovered from adverse events. One participant in the control group developed
localized skin papules, mainly associated with diclofenac sodium gel, and recovered after stopping
treatment. Both participants recovered from adverse events and did not withdraw from the trial.
Therefore, the two interventions in this trial were safe for treating KOA subjects.
Table 4
Adverse events
Experimental group
Adverse events

n=69

Control group
n=70

Skin pimples

0

1

Skin blisters

1

0

Skin paresthesia

0

0

Systemic allergy

0

0

Discussion
This research is a double-blinded, double-placebo, randomized controlled trial evaluate the difference of
e cacy between moxibustion and local diclofenac sodium gel in the treatment of KOA. This trial showed
that the therapeutic effect of moxibustion and topical diclofenac sodium gel persisted from the end of
treatment to the next 8 weeks. From 0 to 4 weeks, moxibustion has the same therapeutic effect as topical
diclofenac sodium gel, which can alleviate varying degrees of pain, stiffness and dysfunction of KOA
participants. At week 8, local diclofenac sodium gel was more effective than moxibustion in reducing
pain and dysfunction. That is to say, the long-term effect of local diclofenac sodium gel may be better
than moxibustion. The explanation of it is that some participants kept their gel and carried on using it
after the treatment.
Moxibustion is often used in the treatment of arthritis in the clinic. A large number of randomized
controlled trials results show that moxibustion can effectively alleviate pain in participants with KOA,
improve dysfunction, and improve the quality of life of participants[21] [22].
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Blindness is used to exclude biases caused by expectations and subjective assessments. The absence of
blind design in most clinical studies is a common problem, leading to high risk of bias in test results [23].
Therefore, the e cacy of moxibustion in KOA are still controversial. However, it is di cult to achieve
complete blindness in moxibustion clinical trials, especially comparing moxibustion and drugs[33]. We
believe that direct comparison of moxibustion and drugs may have some limitations during the trial.
Therefore, few outcome evaluators and participants can avoid the effects of subjective bias in the
assessment. Therefore, in order to reduce the bias of clinical randomized controlled trials and improve the
quality of evidence-based medical raw data, this research used a double-blinded, double-placebo design
to compare the e cacy of moxibustion and topical diclofenac sodium gel in the treatment of knee
osteoarthritis.
The “double placebo” design method was used in clinical trials for the rst time to compare the e cacy
of indomethacin and phenylbutazone in the treatment of rheumatic diseases in clinical trials [34]. Wang
applied the double placebo design method in acupuncture clinical trials for the rst time to compare the
clinical e cacy of acupuncture and unarizine in the treatment of migraine [35].
Our trial was a double-blinded, double-placebo trial that reduced the effects of psychological factors and
maintained the same conditions throughout the trial. We applied the new moxibustion device invented to
implementation of active / placebo in a blinded moxibustion [25]. The placebo moxibustion device
resembled the active one in appearance, except the bottom of the device. The experimental group used
active moxibustion and the control group used placebo moxibustion. Participants in the control group
received a diclofenac sodium gel, while a placebo gel was administered to the experimental group. The
placebo gel was identical in composition to the diclofenac sodium gel except that diclofenac sodium was
not present. Both treatments have the same appearance and texture.
The placebo moxibustion method made the control subjects unable to feel the thermal stimulation, light
radiation stimulation and other therapeutic stimuli of the moxibustion at the moxibustion site, thereby
achieving the effect of placebo. This was the most critical issue in the design of placebo moxibustion
devices. In this study, neither the practitioner nor the participant knew about the grouping. Since the
operation of moxibustion and placebo moxibustion was similar to that of the participant, there was no
formal examination of the success rate of the blind method or the expected value of the participant.
However, a similar shedding rate (3 to 2 participants) indicated that the participant had successfully
blinded and the treatment in both groups is equally convincing.
In our experiments, the e cacy of moxibustion was the same as most trials, suggesting that the e cacy
of moxibustion was not worse than standard drugs, and that the e cacy was only slightly worse than
standard drugs in the long-term. However, local diclofenac sodium gel has some adverse reactions, such
as local skin reactions, rash, drug-sensitive dermatitis, application-site erythema, skin irritation,
application-site paresthesia and dry skin [36–40]. Therefore, moxibustion has an advantage in controlling
adverse reactions.
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This study used the osteoarthritis evaluation scale WOMAC, and also used VAS, PGA and other
evaluation indicators, but lacked an assessment of the quality of life of participants. At the same time,
the above indicators are subjective measurement results, and the objective indicators such as serum
biomarkers or X-rays are not designed. In the adverse events, we did not record some events such as dry
skin that Chinese people did not pay much attention to in the past. An assessment of such evaluation
indicators can be added in the future.
In summary, trials had shown that the therapeutic effect of moxibustion on KOA was not worse than local
diclofenac sodium gel, which differed only in long-term e cacy. The results of this trial provided evidence
for the e cacy of moxibustion on pain relief and improvement in physical function in participants with
KOA. The results also can provide reliable raw data for systematic reviews and evidence-based medicine.
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Figure 1
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