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ABSTRACT

Introduction Knee osteoarthritis (KOA) is still a
challenging degenerative joint disease with high morbidity
and disease burden. Early-stage KOA, the focus of this
study, could present a Window of Opportunity to arrest the
disease process and reduce the disease burden. Yijinjing
exercise is an important part of physical and psychological
therapies in Traditional Chinese Exercise and may be

an effective treatment. However, there is no clinical
efficacy assessment of Yijinjing exercise for patients with
early-stage KOA. Therefore, we designed a randomised
controlled trial to evaluate the effectiveness of Yijinjing
exercise on patients with early-stage KOA.

Methods and analysis This is a parallel-design, two-arm,
analyst assessor-blinded, randomised controlled trial. In
total, 60 patients with early-stage KOA will be recruited
and randomly assigned to the Yijinjing exercise group
(n=30) and health education group (n=30) at a ratio of 1:1,
receiving 12 weeks of Yijinjing exercise or health education
accordingly. The primary outcome will be measured

with the Western Ontario and McMaster Universities
Osteoarthritis Index, and the secondary outcomes will
include the Visual Analogue Scale, Short-Form 36 ltem
Health Survey Questionnaire, Beck Depression Inventory,
Perceived Stress Scale, Berg Balance Scale, and Gait
Analysis for a comprehensive assessment. Qutcome
measures are collected at baseline, at 12 week ending
intervention and at the 12 week, 24 week and 48 week
ending follow-up. The primay time point will be 12 weeks
postintervention. Adverse events will be recorded for safety
assessment.

Ethics and dissemination This study has been approved
by the ethical application of the Shanghai Municipal
Hospital of Traditional Chinese Medicine Ethics Committee
(2021SHL-KY-78).

Trial registration number ChiCTR2200065178

INTRODUCTION

Knee osteoarthritis (KOA) has become a
major public health challenge globally' that
requires proper disease management for
the early stage to arrest the disease process.
KOA is characterised by chronic pain and
disability with a high global prevalence.”
The prevalence of KOA is increasing in

STRENGTHS AND LIMITATIONS OF THIS STUDY

= To the best of our knowledge, this study will be the
first randomised controlled trial to explore the ef-
fectiveness of Yijinjing exercise in the treatment of
early-stage knee osteoarthritis (KOA) patients.

= This study will evaluate pain intensity, stiffness, and
physical function, life quality, psychological health,
and knee function, which will support the clinical
efficacy of Yijinjing exercise in early-stage KOA
patients.

= This study will use gait analysis to evaluate the ki-
netic and kinematic function of patients with early-
stage KOA.

= Due to the specific nature of exercise interventions,
it is difficult to ensure that participants and instruc-
tors are blinded.

younger age group of 35-55."" KOA affects
more than 260million people worldwide,’
increasing by 9.83% from 1990 to 2017,' and
the prevalence may continue to increase.”
Relatively advanced KOA can cause irrevers-
ible structural damage to the joints.” And
KOA ranks as the 11th highest contributor to
the global disability, seriously damaging the
patient’s quality of life.” '’ Early-stage KOA, as
a possible Window of Opportunity to prevent
the disease process and improve the quality
of life, should be given enough attention.'' '

Proper management of early-stage KOA"™ '*
could arrest the disease process, restore joint
homeostasis, and thereby reduce the burden
of disease." Early-stage KOA is a type of
KOA that is symptom-focused for diag-
nosis.'' ' Patients present primarily with pain
and discomfort in the knee joint. The symp-
toms are episodic and may persist for weeks.
Pharmacological treatment can reduce pain
and improve physical function in patients
with KOA.'" However, the long-term phar-
macological treatment may have adverse
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effects,”_19

reducing quality of life.

Targeted and appropriate exercise may be an effective
treatment for early-stage KOA. Exercise therapy is widely
used in KOA treatment to improve muscle strength and
functional activity.® ** ** Previous studies show that Tradi-
tional Chinese Exercise (TCE) can alleviate pain and
improve functions.”** Yijinjing exercise, as an important
part of physical and psychological therapies in TCE, has
been widely used to treat neck pain,*™*® ankylosing spon-
dylitis™ and sequelae of stroke,” ™ which can improve
the muscle strength® *’ and knee function,* ** and relieve
knee pain and psychological stress.”” * **

However, clinical evidence for the efficacy of Yijinjing
exercise in patients with early-stage KOA is still lacking.
To the best of our knowledge, this randomised controlled
trial is the first study to evaluate the effectiveness in early-
stage KOA patients treated by Yijinjing exercise. Further-
more, this study is based on in-depth research from
previous studies, as the subjects of this study are limited
to early-stage KOA patients and have optimised Yijinjing
exercise programme for early-stage KOA patients.** For
patients with early-stage KOA, we claim that Yijinjing
exercise to be superior to health education strategy of the
non-surgical management of KOA in pain relief and func-
tion improvement after a 12week intervention.

causing enormous economic pressure and
20-22

METHODS AND ANALYSIS

Study design

The study will be a randomised, single-centre, superi-
ority, parallel controlled trial. Only outcome assessors
and statisticians will be blinded due to the limitations
of the intervention methodology. A total of 60 patients
with early-stage KOA will be recruited from the Shanghai
Municipal Hospital of Traditional Chinese Medicine,
Shanghai University of Traditional Chinese Medicine. All
patients will be provided with written informed consent
at the time of recruitment. The patients will have equal
health education group in a 1:1 allocation ratio. Patients
in the Yijinjing exercise group and the health educa-
tion group will receive 12 weeks of Yijinjing exercise and
health education, respectively. Data management and
statistics will be conducted at the School of Acupuncture-
Moxibustion and Tuina, Shanghai University of Tradi-
tional Chinese Medicine. The study process is shown in
figure 1. The planned start and end dates for the study
are 30 February 2024 to 30 February 2026.

The present study is a randomised controlled trial.
During the treatment, patients in the Yijinjing exercise
group will practice Yijinjing exercise, while the health
education group will receive health education. Both
the outcome assessments will be performed at five time
points, namely the baseline, the end of the treatments at
12 weeks, and 12, 24, and 48 weeks of follow-up subse-
quently. The schedule of enrolment, interventions, and
assessments is shown in table 1.

Study setting

The study will be conducted at the Shanghai Municipal
Hospital of Traditional Chinese Medicine, Shanghai
University of Traditional Chinese Medicine, China.

Safety measurements

Safety evaluations will be conducted at screening,
throughout the trial, and at follow-up 12, 24, and 48 weeks
be initially conducted by the attending physician with
more than b years of work experience, followed by a final
review by a chief physician with more than 15 years of
work experience. The initial assessors will receive a series
of training on expertise and risk assessment from our
research team and pass the training examination before
formally implementing the safety assessment during the
study. Any adverse events (AEs) will be collated from case
report forms and follow-up questionnaires even though
Yijinjing exercise and health education are at low risk.
Researchers will then analyse whether AEs are directly
related to the rehabilitation programme. When sports
injuries occur or condition suddenly deteriorates during
the trial with serious complications or severe AEs such as
breathing difficulties, sports injuries and falls, the trial
will be terminated immediately and prompt medical treat-
ment will be administered according to the condition of
the subject. Researchers will then analyse whether they are
directly related to the rehabilitation programme. Serious
AEs will be reported to the Shanghai Municipal Hospital
of Traditional Chinese Medicine Ethics Committee in a
timely manner.

Sample size calculation

Power analysis is based on published data regarding to
changes in the total Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) score in
an open trial®’ concerning TCE treatment in KOA. The
difference in the reduction in WOMAC scores between
the TCE treatment group and the control group in
previous studies was 4.22. The SD in the TCE treatment
and the control group were 5.15 and 3.24, respectively.
Suppose 0=0.05, a power level of 0.9 and a 20% rate
dropout, a total of 60 participants was calculated by the
PASS software (PASS 15, NCSS, LLC, Kaysville, UT, USA).

Inclusion and exclusion criteria
Inclusion criteria
1. KOA diagnosis according to criteria listed in the
Chinese guideline for the diagnosis and treatment of
osteoarthritis (2021 edition).?’
. Kellgren—-Lawrence score<2.1017
3. Pain level>3 on the 10-point Visual Analogue Scale
(VAS).
4. Man or woman aged 35-65 years.
5. Ability to perform basic body movements like walking.
6. No communication barriers with researchers to under-
stand the instructions.
7. Body mass index<36 kg/m2.

No
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Assessed for eligibility

v

Baseline assessment

Figure 1 CONSORT flow chart of the study. CONSORT, Consolidated Standards of Reporting Trials.
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Table 1 The schedule of enrolment, interventions, and assessments

On enrolment

Intervention period End of intervention End of follow-up

Time point Week 0 Weeks 1-12

Week 12 Week 24 Week 36 Week 60

Inclusion/exclusion criteria X
Informed consent X
Demographic characteristics X
Randomisation and allocation X
WOMAC X
VAS X
SF-36 X
BDI X
PSS X
BBS X
Gait analysis X

Safety measurement X

X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X X

BBS, Berg Balance Scale; BDI, Beck Depression Inventory; PSS, Perceived Stress Scale; SF-36, Short-Form 36 ltem Health Survey
Questionnaire; VAS, Visual Analogue Scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

6. Other reasons considered necessary by the research-
ers, such as communication barrier due to inability
to speak Chinese; surgery is planned within the next
12 weeks; inability to commit to the Yijinjing exercise
requirements.

Drop-out criteria

1. Inability to continue owing to serious medical
conditions.

2. Voluntary withdrawal.

Recruitment

Patients with early-stage KOA will be recruited. In our
study, participants will be recruited from Shanghai Munic-
ipal Hospital of Traditional Chinese Medicine, Shanghai
University of Traditional Chinese Medicine. Recruitment
methods included WeChat networking, online advertise-
ments, doctor referrals, posters, and leaflets. WeChat is
currently considered the most popular social media in
China. Both medical staff and patients have their own
WeChat accounts for convenient and fast online commu-
nication. Shanghai Municipal Hospital of Traditional
Chinese Medicine is a tertiary hospital in Shanghai, with
an outpatient department for the treatment of Yijinjing
exercise. Before the trial, participants will be briefed on
the study process and their responsibilities. They will be
informed about the examination items and precautions.
Participants will be informed that their participation is
entirely voluntary, and they could refuse or withdraw at
any time without affecting their medical or other bene-
fits. Written informed consent will be obtained prior to
the commencement of any study-related treatments.
Research assistants will be responsible for obtaining
informed consent.

Randomisation and allocation concealment

Sixty eligible subjects will be randomly assigned to Yijin-
jing exercise group and health education group at a 1:1
equal ratio after baseline assessment. The random list
will be generated by a statistician using the computer
programme (Strategic Applications Software). An inde-
pendent assistant will then make sequentially numbered,
sealed and opaque random envelopes that will contain
the corresponding random numbers and intervention
methods. Envelopes will be sealed and stored before use,
and then distributed to the patients by researchers to
determine patient groupings.

Blinding

Due to the specific nature of exercise interventions, it
is difficult to blind the participants and researchers.
However, outcome assessors and statisticians will be
blinded in this study. They will only be responsible for the
results analysis and data collection. The recruitment and
assignment information will be hidden from the assessors
to ensure the accuracy and reliability of the results. There
will be no unblinding at any point.

Intervention

Yijinjing exercise group

The participants in Yijinjing exercise group will receive
12 weeks of Yijinjing exercise intervention. They will
be taught by experienced professional Yijinjing exer-
cise instructors (clinical experience in Yijinjing exercise
therapy>10 years, with the teacher qualification certif-
icate of higher education). Before conducting trials,
the instructor must go through meticulous clinical trial
training and cannot implement an intervention until they
pass an examination. The course includes the instruction
of six movements, involving details such as the breathing
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Sequence of actions

Action details

Action 1
Wei Tuo presenting the
pestle 3 routine

Action 2

Plucking a star and
exchanging a star
cluster

Action 3
The black dragon
displaying its claws

Action 4
Pulling nine cows by
their tails

Action 5
Three plates falling on
the floor

Action 6
Swinging the tail

Slowly squat and put the palms together in front of the chest. While inhaling, slightly flex the knee
joints, and keep the knees not extending beyond toes. Keep eyes on the ground about 3m in front of
the body. Concentrate and maintain the position for 10s. Exhale while slowly straightening the knee
joints. During this process, keep eyes closed tightly, and feel the position of knee joints. The operation
at this stage also lasts for 10s.

Adopt a posture of standing with one foot forward, with the toes of the front foot on the ground, and
the centre of gravity on the back foot. Place one hand 30 cm above the same side of the head, and

the other hand on the lumbosacral area, and then perform knee flexion and extension with inhalation
and exhalation. The rhythm is the same as in action 1. Keep the eyes on the fingertips when flexing the
knees, and close the eyes when extending the knees to feel the position of the knee joint.

Adopt a posture of standing with one foot forward, with the toes of the front foot on the ground, and
the centre of gravity on the back foot. Place one hand 30cm above the same side of the head, and

the other hand on the lumbosacral area, and then perform knee flexion and extension with inhalation
and exhalation. The rhythm is the same as in action 1. Keep the eyes on the fingertips when flexing the
knees, and close the eyes when extending the knees to feel the position of the knee joint.

Stand with the lower limbs separated by a distance of 1 m, and extend the upper limbs to the limit in
the horizontal direction. Make a lunge with both lower limbs in the left and right directions, with the
centre of gravity on the forefoot. While inhaling, stare at the floor 3m ahead for 8-10s. Externally rotate
the hip joint of the front lower limb, extend the knee joint, and flex the knee joint of the rear lower limb.
The centre of gravity is on the back foot. Maintain the exhalation for 10s, and finally restore to the initial
preparation posture.

Put the hands in front of the chest, and then flex the knee joint with inhalation (the range of flexion
angle is larger than any other movement). Put hands on the outside of the knee joint, holding for 2s,
and keep the eyes on the ground 3m ahead; then exhale, straighten the knee joint, close the eyes,
feeling the position of the knee joint.

Move the hands, with the fingers interlaced, to the top of the head. Turn the palms up, and stretch the
arms upwards. Straighten the hips and knees and twist the body to the left. Bend the hips and knees
and turn the body to the right. Straighten the hips and knees and twist the body to the right. Bend the
hips and knees and turn the body to the left. Put the hands down from both sides.

rate, meditation method, knee flexion, and extension
rotation angle. The specific exercise content refers to the
health qigong compiled by the General Administration
of Sport of China,* the specific action characteristics of
which are shown in table 2 and figure 2. In the first week,
the instructor will lead participants through the entire
process and introduce the details of each movement, and
encourage them to discuss their feelings and confusions
following the exercise to ensure that every participant
could practice Yijinjing exercise correctly. After the initial
week of exercise, participants will continue with home-
based exercises. To ensure adherence to correct exercise
methodologies, ongoing support and supervision will be
provided by the instructors through video conferences.
The intervention frequency will be 30 min twice a week,
preceded by a 5min warm-up and followed by a 5min
relaxation. Training intensity will be assessed using the
modified Borg Fatigue Rating Scale (score>5).** *" The
scale ranges from 0 to 10, where 0 indicates no exertion
at all and 10 represents maximal exertion. This method
provides a nuanced understanding of the participant’s

level of fatigue using this scale. The score >5 is qualified.
Otherwise, the training intensity of Yijinjing exercise

will be increased to qualified, and the increased training
intensity and training duration will be recorded.

Health education group

The participants in health education group will receive 12
weeks of group-based KOA-related health education by
instructors, a non-surgical management strategy recom-
mended by the guideline.'® The instructors providing
the health education are professors from Shanghai
University of Traditional Chinese Medicine with over 10
years of experience in treating KOA. The 40 min educa-
tional session will be organised twice a week, with face-
to-face instruction the first week and then transition to
video conferencing. The session will be based on rele-
vant KOA guidelines and results from recent discov-
eries.!? 2245152 The gession will include the following: (1)
the basic concept of KOA, (2) risk factors associated with
KOA, (3) KOA prevention and management, (4) self-care
strategies, and ways to improve the quality of life (such as
lifestyle changes to relieve pain).

The intervention will last for 12 weeks in both groups,
and then both groups will be followed up for another
48 weeks. Participants in both group will be reminded
weekly not to practice other clinical exercises, and if they
do, they will be recorded. To ensure compliance, both
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groups will not be prohibited from using medication.
However, medication is only allowed when the VAS score
is 23. Only the prescribed dose of celecoxib capsules will
be used. Patients who use medication when the VAS is

still <3 or overuse the medication will be considered as
drop-out. The frequency of medication will be observed
and recorded.

Adherence

Participants will be encouraged and supervised to receive
the intervention by telephone each week and will be asked
to fill out weekly charts. And participants will be provided
with remote video supervision during the intervention
and asked to sign a recording form after the interven-

exercise sessions completed. For health education group,
the study will calculate adherence as the percentage of
the 24 scheduled sessions completed.

Outcome measurements and follow-up

This study will test the outcome indicators at five time
points: baseline, the end of 12week intervention, and
the end of the 12week, 24week, and 48week follow-up.
The primary indicator will be the WOMAC score. The
secondary indicators include VAS, Short-Form 36 Item
Health Survey Questionnaire (SF-36), Beck Depression
Inventory (BDI), Perceived Stress Scale (PSS), Berg
Balance Scale (BBS), and Gait Analysis. After the end of
the trial, the mean and SD of the two sets of each outcome
indicators will be combined with the corresponding
formula to test the power of the trial and judge the reli-
ability of the trial results. The primary time point will be
12 weeks postintervention. The secondary time point will
be 12, 24, and 48 weeks after follow-up.

Basic information

Participants’ sociodemographic data (including age,
gender, height, weight, blood pressure, occupation,
educational background, employment status, and resi-
dential area) and medical history (including the date of
diagnosis, duration of KOA, and previous treatments for
KOA) will be assessed at baseline.

Primary outcomes

The WOMAC is an internationally recognised lower limb
assessment method, widely used in the clinical assess-
ment of KOA symptoms with high reliability and validity
in Chinese KOA patients.53 * The WOMAC consists of
three main areas: pain, stiffness, and joint function, to
assess the structural and functional status of the knee.”
The WOMAC consists of three subscales, including pain
(20 points), stiffness (8 points), and daily functional
activities (68 points), with a total score of 0-96. A higher
total score indicates a higher level of knee dysfunction;
a lower total score indicates a better functional status of
the knee joint. The total score of the WOMAC scale will

health education group.
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Secondary outcomes

Secondary outcomes will assess the clinical impact of
life quality, psychological health, and knee function in
patients with early-stage KOA. Measurements include
VAS, SF-36, BDI, PSS, BBS, and Gait Analysis.

Visual Analogue Scale (VAS)

The VAS is a sequence of 10 cm numbers, one of the most
commonly used scales to assess pain.”” The left side corre-
sponds to level 0, indicating no pain, while the right side
corresponds to level 10, indicating the most severe pain.
Patients can mark their pain level in this segment. From
the left side to the right side, the higher the number, the
higher the pain score.” It will be by paper in using the
VAS to avoid adverse effects on the VAS assessment when
using different models of tablets.

Short-Form 36 Item Health Survey Questionnaire (SF-36)

The quality of life will be measured by the SF-36. The
SF-36 consists of 36 items assessing eight health concepts:
basic competence (10 items), physical activity (four
items), social activities (two items), physical pain (two
items), mental health (five items), daily activities (four
items), vitality (four items), and general health status
(five items). Each health concept is scored from 0 to 100,
with 0 corresponding to the worst health condition and
100 for the best health condition. The higher the score,
the better the health status. The SF-36 has high reliability
and validity in the Chinese population.53 5960

Beck Depression Inventory (BDI)

The BDI is a self-rating scale to determine the degree of
depression. The scale is divided into 21 items, including
depression, pessimism, and self-disappointment. Each
item is scored on a 0, 1, 2, or 3 scale and the cumulative
score for each item is the total score. The total score range
for the BDI is 0-39, the higher the score, the more severe
the depression.61 The BDI is one of the most commonly
used self-rating scales for depression and a classic tool for
depressive state, screening with internal consistency and
validity in non-psychiatric patient populations.59 6265

Perceived Stress Scale (PSS)

The PSS is a self-assessment tool for measuring the
severity of stress and can detect overall and prevalent
stress in life.**% The PSS contains 10 items, each rated on
a b-point Likert scale, with 0 meaning never, 1 meaning
occasionally, 2 meaning sometimes, 3 meaning often, and
4 meaning always. The total score is 0 to 40, with higher
score associated with higher level of perceived stress,
with 0-13 indicating low-pressure levels, 14-19 indicating
medium pressure levels, and >19 indicating high-pressure
levels.

Berg Balance Scale (BBS)

The BBS is a comprehensive scale that measures balance
and assesses a patient’s balance function by evaluating
performance on 14 functional tasks.”” % The balance

function is divided into 14 items, from easy to difficult,
and each item is divided into 5 levels; 0, 1, 2, 3, and 4. The
maximum score is 4, and the minimum score is 0. The
maximum total score is 56, and the minimum score is 0.
A higher total score indicates a relatively better balance
in the patient.

Gait analysis

Gait analysis is an examination method to study walking
patterns, which can be used in the kinematics and
kinetics of the lower limbs of patients with KOA, guiding
rehabilitation assessment and treatment, contributing
to clinical diagnosis, efficacy assessment, and mecha-
nistic studies.” " The test procedures are as follows: (1)
participants will be asked to walk on a 10m pavement
with three one-way walking tasks per test. (2) 3D marker
trajectories will be recorded at 100 Hz using a Viconl16
camera MX13+motion system (Vicon, Oxford Indicators,
UK). (3) A total of 28 marker points will be affixed for
body surface marking based on the anatomical locations
specified by the pyCGM2-LowerLimbCGM23 model. (4)
3D kinematic data will be collected with two force plat-
forms (1200 Hz, Advanced 130 Mechanical Technologies,
Watertown, MA, USA) using the Vicon Nexus software
(Vicon Motion Analysis, Oxford, UK).71 72

Data collection and management

Each researcher will receive unified training, such as
study requirements, standardised measurements of
height, weight, and blood pressure, ensuring that they
can collect indicators in a uniform, standard manner.
All indicators will be collected peer-to-peer by members
in charge of recruitment, the members will inform all
participants and obtain their support during recruitment.
Participants will be followed throughout intervention to
prevent shedding.

All researchers will maintain the confidentiality of all
participants’ personal information and indicator results.
Two members accountable for data will enter all collected
data into the computer using a double-data entry method.
Data cleaning will be performed before data analysis to
prevent discrepancies or coding errors. The electronic
data will be checked against the paper records of the
original data. Furthermore, the data entered will then
be double-checked for accuracy by two other members.
Finally, all electronic data will be stored in a zip folder
using a password-protected access system, and hard copies
of all material will be stored in a specific cabinet.” Data
will be periodically audited and verified internally. Data
monitoring will be conducted by the Science and Tech-
nology Department of Acupuncture and Tuina Institute,
Shanghai University of Traditional Chinese Medicine.
The monitors will verify that all AEs are recorded in the
correct format and as defined by the protocol. The moni-
tors will verify the following variables for all participants:
initials, date of birth, gender, signed informed consent,
eligibility criteria, date of randomisation, treatment
assignment, AEs, and endpoints. The administrators will
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be required to report weekly data monitoring progress to
the Steering Committee regularly, including the accuracy
and reliability of data.

Data analysis

All data processing and statistical analyses will be
performed by SPSS statistical software V.26.0 (IBM),
conducted byindependent data assessors who are unaware
of the group allocation. Missing data will be replaced
according to the principle of the last observation carried
forward. For the missing data, several sensitivity analyses
will be conducted to evaluate their effects on the results
of the experiment. An intention-to-treat analysis will be
applied to all the outcomes. For example, non-adherent
participants will be included for intention-to-treat anal-
ysis. A sensitivity will be then conducted to test if it alters
the results. The Shapiro-Wilk test will be used to deter-
mine the normality of the primary outcome and all other
secondary outcomes data, and then to obtain means, SD,
maxima, minima, medians, Cls, and frequencies (compo-
sition ratios). For continuous outcome measures, analysis
of variance will be used to adjust baseline outcome values
to compare the difference in mean change between the
two groups (follow-up minus baseline).” The results will
be expressed as estimated differences with 95% CI. Log-
binomial regression will be used to compare the likeli-
hood of improvement in pain and function between the
two groups. Results will be expressed as a relative risk at
95% CI. Multifactorial analysis will be used to adjust for
confounders. Statistical significance is demonstrated by a
p-value (bilateral) of less than 0.05. For participants with
bilaterally KOA, we will use multiple statistical analysis
strategies. For example, we will record the number of left
or right knees in all participants who meet the inclusion
criteria, and statistically analyse the changes in VAS pain
we will conduct subgroup analysis of participants with
single knee pain to explore the changes of VAS pain of
participants with single knee pain induced by Yijinjing
exercise. In addition, we will conduct a subgroup anal-
ysis of participants with bilateral knee pain to explore the
changes of VAS pain in participants with bilateral knee
pain by Yijinjing exercise.

DISCUSSION

Increasing attention is paid to the early-stage KOA' 770
because articular cartilage can still regenerate, while artic-
ular cartilage may be permanently lost in the advanced
stage.'” " Due to the limited benefits of pharmacologic
therapy and surgery, non-pharmacologic therapy has
gradually gained attention in managing KOA.” Non-
pharmacological approaches, such as exercise, weight
loss, and healthy diet are strongly recommended in
managing KOA.*' Exercise has the benefits of muscle
strengthening and hypertrophy, weight management,
and potential disease-modifying effects.””™ Traditional
exercise training focuses on improving muscle strength,

which is critical to the mobility of KOA patients. Recently,
growing evidences have advocated the potential benefits
of TCE on symptomatic improvement of KOA.* We have
previously launched the clinical application of Taiji in
elderly people with KOA.* * ** Yijinjing exercise, a kind
of TCE that combines physical activity, mental focus, and
controlled breathing, is easier to learn and promote than
Taijiquan studies.”” ** However, the evidence and mech-
anism for the effect of Yijinjing exercise on early-stage
KOA are still insufficient.*’

To the best of our knowledge, this is the first study that
explores the effects of Yijinjing exercise for early-stage
been published, but the effectiveness of early-stage KOA
patients is still unclear.! ®**' The prior research of our
group™ has confirmed that Yijinjing exercise therapy
could improve the walking speed and restore the trend
of normal gait of KOA and appeared be associated with
improvements in psychological well-being including
reduced stress, anxiety, depression, and mood disturbance
to manage KOA. In contrast to end-stage KOA, structural
alterations in joint tissues at an earlier stage may be more
susceptible to disease-modifying interventions, poten-
tially slowing or preventing progressive change.”

Our study has some strengths. First, this trial will explore
the effectiveness of Yijinjing exercise in the treatment of
early-stage KOA in a comprehensive scale. Regardless of
structural changes, multiple patientreported outcomes
must be evaluated to reflect clinically meaningful changes
better. This study will evaluate pain intensity, stiffness, and
physical function, life quality, psychological health, and
knee function, which will support the clinical efficacy of
Yijinjing exercise in early-stage KOA patients. The patho-
logical changes are usually presented throughout the gait
motion and are often difficult or incomplete to induce
symptoms on static examination.” ** Gait analysis can
allow the discrimination of KOA patients from asymptom-
atic participants and can also differentiate KOA patients
with low KL grade (KL 1-2) from high KL grade (KL 3-4)
with a high success rate.” Besides, the follow-up time for
early-stage KOA patients after Yijinjing exercise is long.
Researches have shown that a 48week follow-up period
will be sufficient to investigate the persistence of interven-
tion effects on KOA.* 7%

However, the study also has some limitations. First, the
patients and therapist will not be blinded to the treat-
ment. Second, the participants will come from the same
geographic area, which limits the generalisability of the
results. In addition, multi-centre efforts are needed in the
future.

In summary, given the notable impact and implica-
tions of pain and dysfunction among patients with early-
stage KOA, we hope this trial will provide more options
for medical practitioners to control the course of KOA,
and to address symptoms with as little burden as possible.
Yijinjing exercise has showed potential clinical effect
on the various dimensions of KOA which may improve
patients’ quality of life, help them get back to normal life,
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and thus reduce the healthcare and economic burden on
the society. This study can also provide evidence-based
medicine evidence on the Yijinjing exercise treatment of
KOA, which will contribute to the development of inter-
national expert consensus and play an important role in
the treatment of the early-stage KOA through traditional
Chinese physiotherapy.

Patient and public involvement

Before the recruitment phase, a subset of eligible KOA
patients will be invited to investigate the feasibility of
the study design and intervention. Their comments will
then be used to make appropriate adjustments and to
add health education components of interest to them.
No patients or members of the public will be involved
in the study design or any other parts of this protocol
(including the recruitment as well as the statistical phase
of the results).
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