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Abstract

Background Knee osteoarthritis (KOA) is the most common chronic degenerative joint disease and places a sub-
stantial burden on the public health resources in China. The purpose of this study is to preliminarily evaluate
whether infrared laser moxibustion (ILM) is non-inferior to traditional moxibustion (TM) in the treatment of KOA.

Materials and methods In the designed Zelen-design randomized controlled non-inferiority clinical trial, a total

of 74 patients with KOA will be randomly allocated to one of two interventions: ILM treatment or TM treatment. All
participants will receive a 6-week treatment and a follow-up 4 weeks after treatment. The primary outcomes will be
the mean change in pain scores on the numeric rating scale (NRS) measured at baseline and the end of last treatment
at week 6. The secondary outcomes will be the pain scores on the NRS from weeks 1 to 5 after the start of treatment
and the changes from baseline to endpoints (weeks 6 and 10) in the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), SF-36, knee circumference, and 6-min walking test. In addition, safety assessment will
be performed throughout the trial.

Conclusion The results of our study will help determine whether a 6-week treatment with ILM is non-inferior to TM
in patients with KOA, therefore providing evidence to verify if LM can become a safer alternative for TM in clinical
applications in the future.

Trial registration: Clinical Trial Registration Platform (ChiCTR2200065264); Pre-results. Registered on 1 November 2022.
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Introduction

Osteoarthritis (OA) is one of the most common chronic
degenerative joint diseases caused by abnormal metabo-
lism of joint tissues. It usually manifests as early onset
pain, followed by stiffness, swelling, injury of periar-
ticular tissue, limited activity and deformity [1, 2], all of
which can affect the patient’s quality of life [3, 4]. As one
of the primary load-bearing joints, the knee is frequently
affected by OA. In China, due to the aging population
and economic development that has led more people
to seek medical treatment, and the occurrence rate of
knee Osteoarthritis (KOA) has been increasing annually
from 2008 to 2017. Moreover, KOA is no longer exclu-
sive to the elderlies, an increasing number in the younger
population are also suffering from this disease, and all of
which yield to a substantial burden on the public health
resources in China [5].

In the early stages of KOA, it should be treated con-
servatively with the primary goal of alleviating joint pain
in mild to moderate KOA [6]. Pharmacological therapies
including non-steroidal anti-inflammatory drugs, aceta-
minophen, glucosamine, and chondroitin sulfate only
can provide temporary pain relief in addition to having
toxic side effects [7, 8]. The recommended safe and long-
term measures, which include patient education, physical
exercise, and weight management, are mostly preventive
and relatively difficult to implement [9, 10].

Traditional moxibustion (TM) is a commonly used
alternative therapy for KOA in Asia [11, 12]. The efficacy
of TM is considered to result from a combination of fac-
tors [13-15], among them, near-infrared (NIR) light is
generally thought to play a major role in the biological
radiation effect of moxibustion. The NIR radiation can
induce active substances to promote the metabolism and
thermogenesis of the organs reached by the NIR rays,
thereby adjusting the body’s immune and neurological
functions by energizing cell metabolism [16—18]. Other
studies indicated that photobiomodulation plays an
active role in anti-inflammatory and analgesia [19, 20]. In
recent years, the Chinese regime has been greatly empha-
sizing on the integration of traditional Chinese medicine
(TCM) instruments with modern science and technol-
ogy, and some novel moxibustion instruments have been
developed to minimize the adverse effects of TM while
maintaining its effectiveness [21-24]. However, the cur-
rently available instruments have two major problems: (1)
the working temperature is much lower than the burning
temperature of natural moxa pillars; and (2) the charac-
teristics of moxibustion burning infrared spectrum have
not yet compiled a unified standard, so none of these
instruments can actualize a high simulation of the natural
moxibustion emission spectrum and hindering the thera-
peutic effects.
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For the above reasons, we will set up an infrared emis-
sivity test system to accurately test for a reliable basic
data of moxibustion emission spectrum, and then regu-
late the emission spectrum of the material by regulating
the composition structure of infrared ceramics/graphene
to realize the coupling between it and the absorption
spectrum of human acupoints [25]. On this basis, we
use a Mg—ZrO2/ graphene specified composite ceramic
block as the key material of emission light source to
develop infrared laser moxibustion (ILM). Therefore, we
designed a Zelen-design randomized controlled non-
inferiority clinical trial to (1) preliminarily investigate
whether ILM is non-inferior to TM in reducing pain and
improving function in patients with KOA; and (2) pro-
vide clinical evidence to verify whether ILM can become
a safe and reliable clinical alternative to TM in the future.

Methods

Study design

The Zelen-design randomized controlled non-inferiority
clinical trial will be conducted at Beijing Electric Power
Hospital of the State Grid Corporation of China and
AMHT Group Aerospace 731 Hospital. The trial pro-
tocol is in accordance with the SPIRIT guidelines and
the CONSORT guidelines, [26, 27] and the above two
checklists are provided as Additional file 1. This trial was
approved by the Beijing University of Traditional Chi-
nese Medicine on 17 October 2022 (Ethics Reference No:
2022BZYLL1017). In view of the ethical requirements of
current clinical trials, the schedule of recruitment, ran-
domization, informed consent, intervention, and assess-
ment are shown in Fig. 1.

Trial status

This clinical trial is currently recruiting patients. Enroll-
ment started in November 2022 and is expected to be
completed by November 2023.

Participants

Recruitment will be facilitated by the outpatient depart-
ments of the two hospitals and advertising on the We
Chat platform. All treatments, assessments, blood tests,
and knee X-rays will be provided free of charge. And at
the end of the study, we will provide participants with a
subsidy based on each patient’s degree of cooperation.

Inclusion criteria
The inclusion criteria were as follows:

(1) Diagnosed with KOA according to the American
College of Rheumatology criteria [28].
(2) Aged 40-70 years old.
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Fig. 1 Flow chart KOA, knee osteoarthritis; TM, traditional moxibustion; ILM, Infrared laser moxibustion

(3) Average pain score of 4 or more out of 10 on the  Exclusion criteria

numeric rating scale (NRS) [29]. The exclusion criteria were as follows:
(4) Average severity score of 48 or less on the Western
Ontario and McMaster Universities Osteoarthritis (1) Received knee surgery in the past six months or
Index (WOMAC) [30]. waiting for surgery.
(5) Standard radiographs with Kellgren—Lawrence (KL) (2) Received acupuncture treatment for KOA in the
grade II or III [31]. past three months.
(6) Written informed consent. (3) Received an intra-articular injection for KOA in the
(7) With basic reading and comprehension skills. past six months.
(4) Received arthroscopy for KOA in the past year.
Participants who fulfill the above seven criteria can be (5) Had other diseases, infections, or traumatic injuries

included in the trial. that could cause knee pain.
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(6) Had serious cardiovascular and cerebrovascular,
respiratory, liver, kidney, metabolic system and
other diseases, malignant tumors, mental disorders.

(7) Allergic to moxibustion smoke or infrared light.

(8) Pregnant or lactating.

(9) Received other similar physiotherapy methods in
the past month.

Participants who met at least one of the exclusion crite-
ria above will be excluded from the trial.

Randomization and informed consent

A single-consent Zelen design will be used for alloca-
tion and randomization. An independent statistician
will generate a random number table using the statisti-
cal software SPSS20.0, and the random seed will be set
in advance. Each subject’s random number and treatment
will be hidden in an opaque envelope. After enrollment
assessment, all eligible participants will obtain an enve-
lope in the order of entry.

All participants who meet the inclusion criteria will be
randomly assigned to the TM group (the proposed con-
trol group) or the ILM group (the proposed treatment
group) in a 1:1 ratio. Participants in the ILM group will
be asked if they are willing to comply with the current
randomized treatment; if they agree, they will be placed
in the ILM groups; if not, they will be automatically placed
in the TM group. Participants in the TM group were
directly enrolled without the above questioning process
[32, 33], all participants will sign informed consent forms
before enrollment [34].

Blinding

Due to the particularity of ILM treatment, it is diffi-
cult to deceive patients and clinicians during the study.
However, the outcome evaluators, data collectors, and
analysts will know nothing about the grouping and treat-
ment of patients.

Interventions

Moxibustion treatment in the two groups (approximately
30 min in duration) will be administered three times per
week over six weeks, and a follow-up evaluation will be
performed at week 10. During the trial period, the par-
ticipants will be prohibited from receiving relevant treat-
ments, such as knee surgery, diagnostic arthroscopy,
intra-articular injection, physiotherapy, acupuncture,
massage therapy, and acupoint application.

Both knees of subjects with bilateral osteoarthritis will
be treated, but only the most painful knee will be selected
for evaluation in each subject. If both knees are equally
painful, the knee with the higher KL grade will be chosen
[35], if the knee pain and KL ratings are the same on both
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sides, the knee joints for evaluation will be randomly
selected using a random number table.

Selection of acupoints

Four acupoints, two obligatory acupoints and two
adjunct acupoints will be selected for treatment (Fig. 2).
The obligatory acupoints are dubi (ST35) and neixiyan
(EX-LE5), and the adjunct acupoints include liangqgiu
(ST34), xuehai (SP10), yinlingquan (SP9), yanglingquan
(GB34), and zusanli (ST36). Moxibustion will be applied
at two of the five adjunct acupoints according to the loca-
tion of pain and traditional Chinese medicine (TCM)
syndrome differentiation for each person. All acupoints
will be located according to the “WHO Standard Acu-
puncture Point Locations in the Western Pacific Region”
[36].

Combined medication

The use of hormones and opioids will be prohibited dur-
ing the trial. Participants who have taken medication for
hypertension, diabetes, or knee pain in the month prior
to the start of the trial will continue to take medication
during the study but will be required to specify the medi-
cation in the case report form (reasons, drug name, type,
dose, the time of the intake, and whether the symptoms
are relieved after taking the medicine). If the participants
are not taking any medications before the trial, they will
not take any medications during the study. If the patient
develops new symptoms or diseases during the trial, any
new drug should be approved by the investigator and
should only be used if it does not affect the results of trial.

ILM group

The device used for treatment in the ILM group will be
the ILM shown in Fig. 3 (Chongqing Baixiao Medical
Equipment Co. Ltd., model type BX-AJY-001).And the
parameters of ILM are shown in Table 1.

Before treatment, the participant will be in the sitting
or supine position, and the acupoints will be cleaned and
disinfected with cotton balls soaked with 75% alcohol.
The researchers will then fix the moxibustion head on the
corresponding part of the skin with Velcro and connect
the wires. During treatment, the researchers will first
turn on the power, start the corresponding moxibustion
head on the intelligent terminal. The infrared radiation
source of each infrared moxibustion head used in the test
will be 5 cm away from the skin. The diameter of the ILM
chamber in contact with the skin is 4 cm. Each treatment
will last for 30 min.

The design of ILM is aimed at imitating the actual
situation and characteristics of TM burning. When
the temperature of heat source is 470 °C, the cor-
responding temperature of human skin surface can
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® The obligatory acupoints

® The adjunct acupoints

Fig. 3 Moxibustion devices. A Infrared ceramic graphene moxibustion device. B traditional moxibustion device

Table 1 Infrared laser moxibustion parameter

Parameter

Device

Rated power
Power condition
Peak wavelength
Mode

Infrared ceramic graphene
moxibustion instrument (Model:
BX-AJY-001)

600VA
a.c.220V,50 Hz
3.98 um
Continuous

reach about 45 °C, which is consistent with TM [25,
37]. If the participant has no obvious thermal sensa-
tion or temperature intolerance, the temperature of the
infrared radiation source moxibustion can be gradu-
ally increased or decreased to a certain extent on the
basis of 470 °C. The moxibustion temperature should
be tolerable and comfortable for the participants. Dur-
ing treatment, the patient’s general condition will be
observed and recorded.
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TM group

The control participants group will receive TM using the
Baixiao moxibustion device shown in Fig. 3 (Dimension:
6.4 cmx 3.8 cm, Chongqing Baixiao Medical Equipment
Co. Ltd., model type BX-A002).

The researchers involved in the treatment will paste the
moxibustion tube onto the acupoints with positioning
paper, remove the moxibustion cover, install the moxi-
bustion column, and buckle the column on the moxibus-
tion tube after lighting. The size of the inlet hole of the
moxibustion tube can be adjusted by rotating the tube
body left and right or pull and push the tube body up and
down to moderate the moxibustion temperature. The
diameter of the TM chamber in contact with the skin is
3.8 cm. The distance between the heat source and the
skin is adjustable, ranging from 1.5 to 4 cm. Each moxi-
bustion column can burn for approximately 30 min. The
burning of the moxibustion column is indicated by the
disappearance of the thermal sensation and the cooling
of the wall of the moxibustion device.

Outcomes
The assessment schedule is presented in Table 1.

Primary outcome

The primary outcome, to be assessed at the end of the last
treatment at week 6, is the change in pain from baseline
using the NRS index [38]. The NRS index typically uses
a 0-10 range instead of words to represent the degree of
pain experienced by the subject: 0 indicates no pain; 1-3
indicates mild pain (occasional pain that generally does
not interfere with walking); 4—6 indicates moderate pain
(frequent pain that interferes with walking); 7-9 indi-
cates severe pain (sustained pain that seriously interferes
with or prevents walking); and 10 indicates the worst/
overwhelming pain. At the time of the evaluation, partici-
pants will be asked to mark the number on the scale that
best represents their pain level in the last 24 h.

Secondary outcomes

The NRS pain score will also be measured at the end of
the last treatment each week (weeks 1, 2, 3, 4, and 5).
Other secondary outcomes will include the changes in
WOMAUC, SE-36, knee circumference, and 6-min walk-
ing test (6MWT) from baseline to endpoints (weeks 6
and 10):

(1) WOMAC: This scale evaluates the comprehensive
condition of the knee joint from three aspects: knee
pain, stiffness, and daily functional activities. The
WOMAC scale contains 24 items, with four points
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for each item. A higher score signifies worse knee
function. The Chinese version of this scale has good
reliability and validity [39].

SE-36: This scale consists of 36 items, including
eight fields of physical function, arole physical,
physical pain, general health status, vitality, social
function, arole emotional, and mental health, and
is used to assess the health-related quality of life of
the subject. A higher score indicates better health-
related quality of life [40, 41].

Knee circumference: The degree of swelling in the
subject’s knee was assessed by measuring the knee
circumference (i.e., the leg circumference at the
center of the upper and lower edges of the patella)
in millimeters. A uniform tape measure will be used
to measure different patients [42].

6MWT: Before the test, researchers will draw a
30-m straight line on flat ground and mark both
ends of the line. During the test, the participants
will walk back and forth in a straight line at their
own speed. The researchers will give the correct
time every two minutes and calculate the distance
walked by the participant at the end of six min-
utes. Potential discomfort such as fatigue, dizzi-
ness, angina pectoris, dyspnea and cold sweat will
be recorded during the trial. The trial will be sus-
pended or discontinued if the patient cannot com-
plete it. During the test, participants will be moni-
tored with a unified wristwatch for basic indicators
such as heart rate and blood oxygen. The Borg
score of dyspnea and fatigue and other data will be
recorded before and after the test (Table 2) [43].

2)

Safety assessment

The safety assessment will primarily include the record-
ing of adverse events (AEs) and serious AEs, labora-
tory analyses, and monitoring throughout the exercise
test. AEs occurring during treatment and follow-up will
be recorded by the investigator on AE questionnaires
within 24 h of their occurrence. In addition to recording
the time, severity, reaction, treatment, and prognosis of
the AEs, the questionnaire will also focus on recording
the potential relationship between AEs and TM or ILM
treatment. The most common treatment-related AEs
include skin redness, pruritus, scalding, blisters, and diz-
ziness. If the AE is severe, the patient will be suspended
or withdrawn from the study and receive corresponding
medical care or compensation. In addition, blood rou-
tine and C-reactive protein (CRP) measurement will be
conducted before and after treatment. Lastly, a uniform
sports wristwatch will be used to monitor the partici-
pants’ heart rates during the 6-min walk test.
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Table 2 Schedule of enrolment, interventions and assessments
Study period
Screening | Baseline 6 weeks of intervention Follow-up
Week -2~0 0 1 2 3 4 ‘ 5 6 10
Vist 1 2 3‘4‘5 6‘7‘8 9‘10‘11 12‘13‘14 15‘16‘17 18‘19‘21 22
Enrollment [ ]
Eligibility criteria [ J
Informed consent [ ]
Demographic features [ J
Routine blood test [ ]
CRP test [ J
Knee X-ray [ J
Random allocation [ ]
Interventions
Two treatments [ L J
Outcomes
NRS Pain [ ] [ J [ ] [ ] [ ] [ ] [ ] [ ]
WOMAC [ ] [ ] [
SF-36 [ ] [ ] [ ]
Knee circumference ° [ ] ®
6MWT [ ] [ ] [ J
Adverse events [ g

CRP test, C-reactive protein test; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; SF-36, 36-item Short-Form; 6MWT, 6-min walking test

Study quality control and data management

The trial protocol for this clinical study has been
reviewed and confirmed by methodological and statisti-
cal experts in relevant fields, and the trial will be carried
out in strict accordance with this protocol. Any changes
to the protocol will need to be approved by the Ethics
Committee.

Before the study begins, all researchers involved in the
treatment will be instructed and trained in the stand-
ardized operating procedures. The training content will
include the implementation steps and methods of the
project, the operation methods of traditional moxibus-
tion and the infrared ceramic graphene moxibustion
device, and the management of adverse events. To ensure
the quality and integrity of the trial, each clinical trial site
will have a clinical supervisor specializing in acupuncture
and moxibustion who will supervise the entire process.

The original data from this project will be recorded
in detail in the individual case report forms (CRFs),
informed consent form, clinical medical records, labo-
ratory test sheets, and imaging data, all of which are

traceable. The investigator will manually fill out the CRFs
for all patients. The investigator will indicate their name
and the date, periodically collect the data. Any changes
made to the data and reasons for any missing data will
also be indicated in the notes.

Three months after the publication of the clinical study,
the original data will be shared through the ResMan plat-
form of the Chinese Clinical Trial Registry (http://www.
medresman.org.cn).

Sample size calculation

This study is a randomized controlled non-inferior trial.
Based on the literature, the smallest clinically significant
difference in the pain NRS is 2 points [44—46]. Thus, we
set the non-inferiority margin to — 2. The NRS score of
the subjects after treatment was taken as the main out-
come index. According to the results of similar stud-
ies, [47] the average NRS score of the experimental
group was 40.53+26.63, and that of the control group
was 41.58+15.07. So we used PASS 15 to calculate the
sample size (29 participants in each group), a=0.025,
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1-5=80%. Considering that a maximum of 25%
dropped out during the trial, we ultimately plan to recruit
74 participants (37 in each group) to ensure the target
sample size is obtained. The calculation results of sample
size are provided as Additional file 2.

Statistical analysis

Statistical analysis will be undertaken using both inten-
tion-to-treat (ITT) and per-protocol (PP) analyses. For
the ITT analysis, all patients who undergo the Zelen-type
randomization and received at least one treatment will
be analyzed. Primary PP data analysis will also be under-
taken for all patients who have high compliance (patient
compliance rates equal to or greater than 80%) and do
not use drugs or treatments prohibited by the protocol
during treatment.

The statistical analysis will take the form of a non-
inferiority test. The margin of non-inferiority is -2. For
the main outcome, we will calculate the 95% confidence
interval for the difference in NRS pain score between the
treatment group and the control group. If the lower limit
is greater than -2, non-inferiority will be considered valid.

For continuous data, mean+standard deviation will
be used to describe data that conforms to a normal dis-
tribution, whereas non-normally distributed continuous
data will be described as the median (interquartile spac-
ing). Where the data conforms to a normal distribution,
independent sample t-test will be used for comparison
between the two groups with homogeneity of variance;
otherwise, a t-test will be used with heterogeneity of vari-
ance. Wilcoxon rank-sum test will be used if data does
not conform to a normal distribution. Categorical data
will be represented by frequency or percentage and com-
pared using chi-square test or Fisher exact test. Missing
data will be replaced according to the last observation
carried forward method. The 95% confidence interval will
be calculated, and P<0.05 will be considered to indicate
a significant difference. All statistical analysis will be per-
formed using SPSS software (version 20.0).

Discussion

In recent years, as the state attaches great importance to
the scientific research and innovation of the TCM indus-
try, the combination of TCM instruments and modern
science and technology has become increasingly close,
which has become a new direction for the develop-
ment of TCM instruments. However, the transforma-
tion of TCM needles and instruments mostly stays in the
original appearance, rarely using new technology, new
materials and upgrading its core technology. Modern
technologies such as infrared, laser and acupoint stimu-
lation have been widely used in the research and devel-
opment of TCM instruments, but many of them have a
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single stimulation mode, which is easy to cause body tol-
erance and cannot achieve the effect of TM therapy. For
the imitation moxibustion instruments on the market,
the accurate simulation of TM cannot be achieved [48].
Some of them are different from traditional moxibustion
in terms of shape, size and heating area [49], some sim-
ply simulate the thermal effect of moxibustion sticks, lack
of discussion and application of other functional factors
[21-23]. At the same time, due to the differences in moxi-
bustion materials, amount, application methods, burning
conditions and the performance of infrared spectroscopy
instruments for measurement over the past years, it is
difficult to form a unified standard for the characteris-
tics of moxibustion infrared spectrum, let alone real-
ize accurate simulation of it [24]. Therefore, making full
use of modern sensing technology, artificial intelligence,
biophysics and other new technologies, infrared ceram-
ics/graphene and other new materials, breaking through
technical bottlenecks, and establishing a common key
technology platform based on the principles of TCM
diagnosis and treatment are the key breakthroughs in
the current research and development of TCM medical
devices.

Based on the above reasons, we have realized the full
band infrared emissivity test of moxibustion in the early
stage and developed ILM which can realize accurate
simulation of the temperature and emission spectrum
of moxibustion combustion (the internal temperature is
736 °C; the external working temperature is about 470 °C;
the wavelength corresponding to the peak of the emis-
sion spectrum is 3.98 pm) and effectively makes up for
the defects of TM and existing moxibustion instruments
[25, 37].

This study will be the first clinical trial to evaluate
infrared ceramic/graphene laser moxibustion for the
treatment of KOA. The study will test the hypothesis that
ILM is not inferior to TM for the treatment of KOA. The
Zelen-design adopted in this study is consistent with the
real diagnosis and treatment environment, thereby mini-
mizing the bias inherent in the traditional design of rand-
omized controlled trials. During the trial, the willingness
of patients or their guardians receive different treatments
will be considered to help ensure the compliance of
patients and the smooth conduct of the trial.

The primary priority in the treatment of KOA is
pain relief followed by maintaining normal knee func-
tion and improving quality of life; thus, we chose pain
on the NRS as the primary outcome and WOMAC,
SE-36, knee circumference, and 6MWT as the second-
ary outcomes. For the safety evaluation, in addition to
recording AEs, we will also conduct blood routine and
CRP detection before and after the trial. CRP is one
of the most commonly used laboratory indicators of
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systemic inflammatory diseases. The expression of CRP
increases in patients with OA and is closely related to
the progression and prognosis of the disease [50, 51].

The proposed study has some limitations that should
be acknowledged. First, this is a non-inferiority trail;
thus, compared with superiority trials, some partici-
pants may have greater difficulty adhering to the pro-
tocol for their treatment. This may result in incorrectly
rejecting the null hypothesis [50]. For this reason, the
Zelen-design was used to improve patient compliance.
Second, it is difficult to blind the researchers involved
in the assignment and treatment due to the differences
in the nature of the treatments. Therefore, to reduce the
risk of bias, the study evaluation will be conducted by
people not involved in assignment or treatment. Third,
this will be a small-scale trial with a small sample size.
Finally, this study will primarily use subjective scales to
evaluate knee joint pain and function; objective physi-
ological indicators are lacking.

The results of our study will help preliminarily deter-
mine whether the infrared ceramic graphene moxibus-
tion device is non-inferior to traditional moxibustion in
alleviating knee pain and improving related function in
KOA patients, therefore providing a suitable alternative
for TM in clinical practice. In the future, based on the
results of this exploratory study, we hope to design and
carry out a multicenter, large-sample, randomized con-
trolled clinical trial with a longer follow-up period to
confirm the results and enhance the generalizability of
the findings.

Abbreviations

KOA Knee osteoarthritis

OA Osteoarthritis

ILM Infrared laser moxibustion

™ Traditional moxibustion

NRS Numerical rating scale

WOMAC  Western Ontario and McMaster Universities Osteoarthritis index
SF-36 36-Item short for health survey
6MWT 6-Min walking test

T Intention-to-treat

TCM Traditional Chinese medicine
CRF Case report form

PP Per-protocol

LOCF Last observation carried forward
Cls Confidence intervals

CRP C-reactive protein

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513018-023-04408-x.

Additional file 1. CONSORT Checklist and SPIRIT Checklist.

Additional file 2. Sample size calculation.

(2023) 18:922

Page 9 of 11

Acknowledgements

The authors would like to express their appreciation to Huan-fang Xu and
Ying Zhang for their valuable advice on this experimental design. Special
thanks were also given to Ping Liu and Yang Zhang for providing the sites and
patients for this clinical trial. At the same time, we also thank He-jin Xiao and
AiMi Academic Services for English language editing and review services.

Author contributions

Conception and design: ZW. and F.C; (Il) Provision of study materials or
patients: J.L. and L.H; (Ill) Administrative support: B.Z. and LH.; (IV) Manuscript
writing: All authors; (V) Final approval of manuscript: All authors.

Funding
This study was supported by National Key R&D Program of China (No.
2019YFC1711904).

Availability of data and materials

The original data will be shared through the ResMan platform of the Chinese
Clinical Trial Registry, http://www.medresman.org.cn. 3 months after the
publication of the clinical study.

Declarations

Ethics approval and consent to participate

Ethical approval was granted on 17 October 2022 by the Ethics Committee of
Beijing University of Chinese Medicine (2022BZYLL1017). The trial results will
be published in peer-reviewed publications and conference presentations.

Consent for publication
All authors reviewed the final manuscript and agreed to its publication.

Competing interests

All authors have completed the ICMJE uniform disclosure form and reported
that this study was supported by National Key R&D Program of China (No.
2019YFC1711904). S.S. J.L. LH. and B.Z. have reported that there is cur-
rently a planned patent relevant to the work (Patent application number:
202110174328 0.5).

Author details

'School of Traditional Chinese Medicine, Beijing University of Chinese Medi-
cine, Beijing 100010, China. >School of Acupuncture-Moxibustion and Tuina,
Beijing University of Chinese Medicine, Beijing 100029, China. *Technical Insti-
tute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190,
China.

Received: 14 August 2023 Accepted: 26 November 2023
Published online: 02 December 2023

References

1. Sharma L. Osteoarthritis of the Knee. N Engl J Med. 2021;384(1):51-9.
https://doi.org/10.1056/NEJMcp1903768.

2. Katz N, Arant KR, Loeser RF. Diagnosis and treatment of hip and knee
osteoarthritis: a review. JAMA. 2021;325(6):568-78. https://doi.org/10.
1001/jama.2020.22171.

3. Cross M, Smith E, Hoy D, et al. The global burden of hip and knee osteo-
arthritis: estimates from the global burden of disease 2010 study. Ann
Rheum Dis. 2014;73:1323-30.

4. Vina ER, Kwoh CK. Epidemiology of osteoarthritis: literature update. Curr
Opin Rheumatol. 2018;30(2):160-7. https://doi.org/10.1097/BOR.00000
00000000479.

5. ChenH,Wu J,Wang Z, et al. Trends and patterns of knee osteoarthritis in
China: a longitudinal study of 17.7 million adults from 2008 to 2017. Int J
Environ Res Public Health. 2021;18(16):8864. https://doi.org/10.3390/ijerp
h18168864.

6. Madry H, Kon E, CondelloV, et al. Early osteoarthritis of the knee. Knee
Surg Sports Traumatol Arthrosc. 2016;24(6):1753-62. https://doi.org/10.
1007/500167-016-4068-3.


https://doi.org/10.1186/s13018-023-04408-x
https://doi.org/10.1186/s13018-023-04408-x
http://www.medresman.org.cn
https://doi.org/10.1056/NEJMcp1903768
https://doi.org/10.1001/jama.2020.22171
https://doi.org/10.1001/jama.2020.22171
https://doi.org/10.1097/BOR.0000000000000479
https://doi.org/10.1097/BOR.0000000000000479
https://doi.org/10.3390/ijerph18168864
https://doi.org/10.3390/ijerph18168864
https://doi.org/10.1007/s00167-016-4068-3
https://doi.org/10.1007/s00167-016-4068-3

Wang et al. Journal of Orthopaedic Surgery and Research

20.

21

22.

23.

24.

25.

26.

27.

28.

(2023) 18:922

Gregori D, Giacovelli G, Minto C, et al. Association of pharmacological
treatments with long-term pain control in patients with knee osteoarthri-
tis: a systematic review and meta-analysis. JAMA. 2018;320:2564~79.
Kang HR, Jung CY, Lee SD, Kim KH, Kim KS, Kim EJ. Efficacy and safety of
electrical moxibustion for knee osteoarthritis: study protocol for a rand-
omized controlled trial. Trials. 2018;19(1):159.

Bannuru RR, Osani MC, Vaysbrot EE, et al. OARSI guidelines for the
non-surgical management of knee, hip, and polyarticular osteoarthritis.
Osteoarthritis Cartilage. 2019;27(11):1578-89. https://doi.org/10.1016/j.
joca.2019.06.011.

Kolasinski SL, Neogi T, Hochberg MC, et al. American college of rheuma-
tology/arthritis foundation guideline for the management of osteoar-
thritis of the hand, hip, and knee. Arthritis Rheumatol. 2020;72(2):220-33.
https://doi.org/10.1002/art.41142.

. Chen L, Huang Z, Cheng K, et al. The efficacy of jade moxibustion in knee

osteoarthritis. Medicine. 2020;99(17): e19845. https://doi.org/10.1097/MD.
0000000000019845.

Zhao L, Cheng K, Wang L, et al. Effectiveness of moxibustion treatment as
adjunctive therapy in osteoarthritis of the knee: a randomized, double-
blinded, placebo-controlled clinical trial. Arthritis Res Ther. 2014;16(3):133.
https://doi.org/10.1186/ar4590.

Kang B, Jung WM, Lee H, Chae Y. Psychophysical and psychophysiological
effects of heat stimulation by electric moxibustion. Complement Ther
Med. 2019;42:400-5. https://doi.org/10.1016/j.ctim.2018.12.018.

Shen X, Ding G, Wei J, et al. An infrared radiation study of the biophysi-
cal characteristics of traditional moxibustion. Complement Ther Med.
2006;14(3):213-9. https://doi.org/10.1016/j.ctim.2005.09.003.

Dan LI, Kaiwen HU, Li HAN, et al. Effects of moxibustion on the expression
of JAK-STAT signal pathway in cancer fatigue mice. World Chinese Med.
2022;15(05):725-30 ((Chinese)).

Deng H, Shen X. The mechanism of moxibustion: ancient theory and
modern research. Evid Based Complement Alternat Med. 2013,2013:
379291, https://doi.org/10.1155/2013/379291.

Xian MQ, Dong QS, et al. Thermolytic effect of moxibustion and its
relation to acupoint receptors. World J Acupuncture-Moxibustion.
2000;02:24-31.

Yang H, Xiao 'Y, Liuetal T. Determination of spectrumchar-acteristic of
near infrared radiated by indirect moxibustion. Shanghai J Acupuncture
Moxibustion. 2003;09:15-7 ((Chinese)).

Walski T, Dgbrowska K, Drohomirecka A, et al. The effect of red-to-near-
infrared (R/NIR) irradiation on inflammatory processes. Int J Radiat Biol.
2019;95(9):1326-36. https://doi.org/10.1080/09553002.2019.1625464.
Ganjeh S, Rezaeian ZS, Mostamand J. Low level laser therapy in knee
osteoarthritis: a narrative review. Adv Ther. 2020;37(8):3433-49. https://
doi.org/10.1007/512325-020-01415-w.

Kang HR, Jung CY, Lee SD, et al. Efficacy and safety of electrical moxibus-
tion for knee osteoarthritis: study protocol for a randomized controlled
trial. Trials. 2018;19(1):159. https://doi.org/10.1186/513063-018-2514-x.
Kim M, Kim JE, Lee HY, et al. Moxibustion for cancer-related fatigue: study
protocol for a randomized controlled trial. BMC Complement Altern Med.
2017;17(1):353.

Cheung T, Ho YS, Yuen CS, et al. Electromoxibustion for knee osteoarthri-
tis in older adults: a pilot randomized controlled trial. Complement Ther
Clin Pract. 2020;41: 101254. https://doi.org/10.1016/j.ctcp.2020.101254.
Fang J, Huang Z, Wang X, et al. Comparison of 10.6 um laser moxibustion
with traditional moxibustion in knee osteoarthritic therapy: a randomized
non-inferiority clinical trial. Photobiomodul Photomed Laser Surg.
2021;39(7):492-8. https://doi.org/10.1089/photob.2021.0030.

Yang F, Shuang S, Zhao H, et al. Combustion synthesis and spark plasma
sintering of high emissivity ZrO2/graphene ceramic as imitated moxibus-
tion emission source. J Ceram Soc Jpn. 2022;130(2):199-203.

Chan AW, Tetzlaff JM, Gatzsche PC, et al. SPIRIT 2013 explanation and
elaboration: guidance for protocols of clinical trials. BMJ. 2013;346:€7586.
Moher D, Schulz KF, Altman DG, et al. The CONSORT statement: revised
recommendations for improving the quality of reports of parallel group
randomized trials. BMC Med Res Methodol. 2001;1:2. https://doi.org/10.
1186/1471-2288-1-2.

Hochberg MC, Altman RD, Brandt KD, et al. Guidelines for the medical
management of osteoarthritis. Part Il. Osteoarthritis of the knee. Ameri-
can college of rheumatology. Arthritis Rheum. 1995,38:1541-6.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Page 10 of 11

Farrar JT, Young JP, LaMoreaux L, et al. Clinical importance of changes in
chronic pain intensity measured on an 11-point numerical pain rating
scale. Pain. 2001;94(2):149-58.

Bellamy N, Buchanan WW, Goldsmith CH, et al. Validation study of
WOMAC: a health status instrument for measuring clinically important
patient relevant outcomes to antirheumatic drug therapy in patients
with osteoarthritis of the hip or knee. J Rheumatol. 1988;15(12):1833-40.
Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16:494-502.

Torgerson DJ, Roland M. What is Zelen’s design? BMJ. 1998;316(7131):606.
https://doi.org/10.1136/bmj.316.7131.606.

Simon GE, Shortreed SM, DeBar LL. Zelen design clinical trials: why,
when, and how. Trials. 2021;22(1):541. https://doi.org/10.1186/
$13063-021-05517-w.

Homer CS. Using the Zelen design in randomized controlled trials:
debates and controversies. J Adv Nurs. 2002;38(2):200-7. https://doi.org/
10.1046/j.1365-2648.2002.02164 X.

Bandak E, Christensen R, Overgaard A, et al. Exercise and education versus
saline injections for knee osteoarthritis: a randomised controlled equiva-
lence trial. Ann Rheum Dis. 2022;81(4):537-43. https://doi.org/10.1136/
annrheumdis-2021-221129.

World Health Organization. Regional Office for the Western Pacific. WHO
standard acupuncture point locations in the Western Pacific Region.
World Health Organization, 2008.

Yang FX, Shuang S, Chen YX, et al. A comparative study on the high
temperature emission spectra of ZrO2/graphene and the emission
spectra of moxibustion combustion. China J Tradit Chin Med Pharm.
2022;37(08):4737-9 ((Chinese)).

Farrar JT, Young JP Jr, LaMoreaux L, et al. Clinical importance of changes
in chronic pain intensity measured on an 11-point numerical pain rating
scale. Pain. 2001;94(2):149-58. https://doi.org/10.1016/50304-3959(01)
00349-9.

Symonds T, Hughes B, Liao S, et al. Validation of the Chinese Western
Ontario and McMaster Universities osteoarthritis index in patients

from Mainland China with osteoarthritis of the knee. Arthritis Care Res.
2015;67(11):1553-60. https://doi.org/10.1002/acr.22631.

Ware JE. SF-36 health survey update. Spine. 2000;25:3130-9.

Beaudart C, Biver E, Bruyére O, et al. Quality of life assessment in musculo-
skeletal health. Aging Clin Exp Res. 2018;30(5):413-8. https://doi.org/10.
1007/540520-017-0794-8.

Guo JM, Xiao Y, Cai TY, et al. Chinese medicine involving triple rehabilita-
tion therapy for knee osteoarthritis in 696 outpatients: a multi-center,
randomized controlled trial. Chin J Integr Med. 2021;27(10):729-36.
https://doi.org/10.1007/511655-021-3488-6.

Steffen TM, Hacker TA, Mollinger L. Age-and gender-related test
performance in community-dwelling elderly people: six-minute walk
test, berg balance scale, timed up & go test, and gait speeds. Phys Ther.
2002;82(2):128-37. https://doi.org/10.1093/ptj/82.2.128.

Browne RH. On the use of a pilot sample for sample size determination.
Stat Med. 1995;14(17):1933-40.

Kieser M, Wassmer G. On the use of the upper confidence limit for the
variance from a pilot sample for sample size determination. Biom J.
1996;38(8):941-9.

Frey TM, Florin TA, Caruso M, et al. Effect of intranasal ketamine vs fentanyl
on pain reduction for extremity injuries in children: the PRIME rand-
omized clinical trial. JAMA Pediatr. 2019;173(2):140-6. https://doi.org/10.
1001/jamapediatrics.2018.4582.

Kim TH, Kim KH, Kang JW, et al. Moxibustion treatment for knee osteo-
arthritis: a multi-centre, non-blinded, randomized controlled trial on the
effectiveness and safety of the moxibustion treatment versus usual care
in knee osteoarthritis patients. PLoS ONE. 2014,9(7): €101973. https://doi.
org/10.1371/journal.pone.0101973.

Wang Z, Shuang S, Han L, et al. Current development status of moxibus-
tion treatment equipment on the market. China J Tradit Chinese Med
Pharmacy. 2023,;38(02):705-9 ((Chinese)).

Tang J, Huang J, Yang X, et al. Treatment of knee arthritis by electronic
moxibustion apparatus: a randomized, controlled, non-inferiority clinical
trial. Shanghai J Tradit Chinese Med. 2019;53(01):57-61.

Jin X, Beguerie JR, Zhang W, et al. Circulating C reactive protein in
osteoarthritis: a systematic review and meta-analysis. Ann Rheum Dis.
2015;74(4):703-10. https://doi.org/10.1136/annrheumdis-2013-204494.


https://doi.org/10.1016/j.joca.2019.06.011
https://doi.org/10.1016/j.joca.2019.06.011
https://doi.org/10.1002/art.41142
https://doi.org/10.1097/MD.0000000000019845
https://doi.org/10.1097/MD.0000000000019845
https://doi.org/10.1186/ar4590
https://doi.org/10.1016/j.ctim.2018.12.018
https://doi.org/10.1016/j.ctim.2005.09.003
https://doi.org/10.1155/2013/379291
https://doi.org/10.1080/09553002.2019.1625464
https://doi.org/10.1007/s12325-020-01415-w
https://doi.org/10.1007/s12325-020-01415-w
https://doi.org/10.1186/s13063-018-2514-x
https://doi.org/10.1016/j.ctcp.2020.101254
https://doi.org/10.1089/photob.2021.0030
https://doi.org/10.1186/1471-2288-1-2
https://doi.org/10.1186/1471-2288-1-2
https://doi.org/10.1136/bmj.316.7131.606
https://doi.org/10.1186/s13063-021-05517-w
https://doi.org/10.1186/s13063-021-05517-w
https://doi.org/10.1046/j.1365-2648.2002.02164.x
https://doi.org/10.1046/j.1365-2648.2002.02164.x
https://doi.org/10.1136/annrheumdis-2021-221129
https://doi.org/10.1136/annrheumdis-2021-221129
https://doi.org/10.1016/S0304-3959(01)00349-9
https://doi.org/10.1016/S0304-3959(01)00349-9
https://doi.org/10.1002/acr.22631
https://doi.org/10.1007/s40520-017-0794-8
https://doi.org/10.1007/s40520-017-0794-8
https://doi.org/10.1007/s11655-021-3488-6
https://doi.org/10.1093/ptj/82.2.128
https://doi.org/10.1001/jamapediatrics.2018.4582
https://doi.org/10.1001/jamapediatrics.2018.4582
https://doi.org/10.1371/journal.pone.0101973
https://doi.org/10.1371/journal.pone.0101973
https://doi.org/10.1136/annrheumdis-2013-204494

Wang et al. Journal of Orthopaedic Surgery and Research (2023) 18:922

51. Hanada M, Takahashi M, Furuhashi H, et al. Elevated erythrocyte sedimen-
tation rate and high-sensitivity C-reactive protein in osteoarthritis of the
knee: relationship with clinical findings and radiographic severity. Ann
Clin Biochem. 2016;53(Pt 5):548-53. https://doi.org/10.1177/0004563215
61014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1177/000456321561014
https://doi.org/10.1177/000456321561014

	Efficacy and safety comparison of infrared laser moxibustion and traditional moxibustion in knee osteoarthritis: study protocol for a Zelen-design randomized controlled non-inferiority clinical trial
	Abstract 
	Background 
	Materials and methods 
	Conclusion 

	Introduction
	Methods
	Study design
	Trial status
	Participants
	Inclusion criteria
	Exclusion criteria
	Randomization and informed consent
	Blinding
	Interventions
	Selection of acupoints
	Combined medication
	ILM group
	TM group
	Outcomes
	Primary outcome
	Secondary outcomes

	Safety assessment
	Study quality control and data management
	Sample size calculation
	Statistical analysis

	Discussion
	Anchor 28
	Acknowledgements
	References


