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Abstract
Background.

In China, swinging the leg backwards and forwards is a commonly used therapy for people with
osteoarthritis of the knee. One rationale is that movement without weightbearing may increase the range
of movement by allowing a greater range of pian-free movement at the knee. There have been no studies
evaluating its effectiveness. Before undertaking a large trial, a pilot study is needed to establish feasibility
and an estimate of the sample size needed.

Methods.

This will be a parallel-group, assessor-masked, randomised, controlled study comparing the effect of
pendulum leg swinging against an equivalent time of walking exercise. Patients will be recruited from the
outpatient and inpatient orthopaedic surgery services in a large, class III general hospital in Wuhan,
China. To be selected they must have clinically diagnosed osteoarthritis of the knee. Patients will be
excluded if they have additional knee disease, have had hip or knee arthroplasty or a tibial osteotomy, are
taking steroids or have done so in the preceding three months, have another illness affecting mobility or
participation in the study, are pregnant, or have a body mass index (BMI) over 36. They will be allocated
randomly using sealed, pre�lled envelopes on a 1:1 basis. Data will be collected by masked observers at
baseline and 12 weeks. Measures include the Oxford Knee Score, the six-minute walking distance, pain
measured on a numerical rating scale, the 30 second sit-to-stand test, quadriceps muscle strength, and
accelerometer data. Feasibility data will record data-completion rates, recruitment and retention rates,
adherence with treatment, and patient experience including adverse events. The two interventions will
involve a gradual increase of exercise between baseline and 6 weeks with a further six weeks at the level
set for each patient. Data analysis will be descriptive, with comparative analysis on outcome measures to
give an estimate of sample size needed in a full trial.

Discussion.

Swinging the leg like a pendulum combines exercise and movement of the knee without bearing weight.
Exercise is known to give some bene�t but it is not known whether joint movement without weight-baring
has any bene�cial effect. A large trial would be needed. This trial will establish how feasible it might be to
undertake a large trial.

Trial registration details.

Registry: Chinese Clinical Trial Registry

Number: ChiCTR2100051275

Date: 17th September 2021

URL: https://www.chictr.org.cn/historyversionpuben.aspx?regno=ChiCTR2100051275
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Introduction
In people with osteoarthritis of the knee, exercise reduces some symptoms and improves mobility. [1][2][3]
In China, swinging the affected leg back and forward, like a pendulum is a commonly used treatment and
form of exercise. The origin of this exercise is uncertain, but it may originate from an ancient Chinese
health manual.

Swinging the leg backwards and forwards as an exercise has face validity to increase mobility and
circulation at targeted joints such as the knee and hip, can be carried out easily at home, and may cause
less knee pain while exercising with lower patellofemoral forces. On the other hand, the intervention lacks
functional validity, may not give su�cient strengthening and/or cardiovascular exercise to be bene�cial,
and the general social and psychological bene�ts of walking outdoors are missing.

In this context, especially considering the widespread use of this technique in China, it seems correct to
evaluate it in comparison to walking exercise, as a therapeutic intervention for anyone with osteoarthritis
of the knee. We are not aware of any controlled clinical trials or other publications.

The technique does not have a formal English name. An accurate descriptive name is Knee Osteoarthritis
Pendulum Therapy (KOAPT). It will be referred to as pendulum therapy within this paper.

This paper sets out the protocol for an initial pilot and feasibility study, investigating whether a larger trial
is practical, estimating the sample size needed in a full trial, and looking for ways to improve both the
treatment and the trial design. We aim to investigate:

the proportions of patients approached who consider participation, who then meet selection criteria,
enrol and who then undertake at least 70% of the intervention allocated

the completion of measures from patients at baseline, immediate and late follow-up

the demographic and clinical characteristics of patients recruited and participating

the changes seen, allowing calculation of sample size

the occurrence of adverse events or outcomes

any other practical di�culties that arise

Method
This will be a parallel-group, randomised, controlled trial with two groups, using masked assessors to
collect outcome data with a 1:1 allocation ratio. The trial was registered on September 17, 2021 with the
Chinese Clinical Trial Registry (Registration number ChiCTR2100051275). There are no secondary
registrations. It was considered on October 21, 2021 by the Medical Ethics Committee of the General
Hospital of the Central Theatre of the Chinese People's Liberation Army (Registration number: [2021]052 
− 01) The research is funded by Wuhan FL Medical Science & Technology Ltd. who have no other role.
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There are no secondary sponsors. There are no additional individuals or committees (groups) overseeing
this trial. It started patient recruitment on November 3rd 2021.

Public and scienti�c queries will be taken by Lixia Huang, MD (email: lisahuang@jhun.edu.cn), or via the
contact details given on the title page.

This protocol adheres to the SPIRIT statement [4] and contains the relevant items from the World Health
Organisation’s Trial Registration Data Set. [5] It also adheres to the relevant parts of the CONSORT
statement for pilot and feasibility studies [6] and considers the guidance on reporting protocols for pilot
and feasibility studies. [7] The schedule for the trial is shown using the SPIRIT �gure (�gure one) and
CONSORT �ow diagram (�gure two)

Figure one

Figure two

Recruitment and selection.

Patients will be recruited from out-patients and inpatients attending the department of Orthopaedics at
the Central Theatre General Hospital of the Chinese People's Liberation Army, a large class III class
general hospital. There will also be general publicity within the community. All patients attending the
hospital, and all patients in contact with the research team will be given an information lea�et. This
lea�et will explain that the patient should be willing to consider participation in a controlled clinical trial,
receiving one of the two treatments and that they will need access to a mobile phone. The �rst contact
will usually be with the clinic doctor.

Any patients interested in participating in the trial will be given further information and explanation by the
clinician they are seeing or, more commonly, by a trained researcher. If they want more time to consider
participation, a further appointment will be arranged. Otherwise, if they remain interested, then the
research doctor will obtain informed consent. The researcher will check clinical eligibility.

To be included, the patient must be an adult aged 18 years or more and must have a clinical diagnosis of
osteoarthritis in one knee. [8] If both knees are affected, the primary data will come from the knee
considered by the patient to be more severely affected.

A patient may then be excluded if they:

have additional knee pathology such as joint dystrophy, infected joint, rheumatoid arthritis,
osteonecrosis, cruciate ligament injury or post-traumatic arthritis.

have had a hip or knee replacement surgery or tibial osteotomy.

have used steroid medication orally over the previous month or injected within the last three months.

have a neurological or mental disorder that affects cognitive ability su�ciently to affect participation
in the exercises and/or the research.
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are pregnant, anticipating becoming pregnant, or breastfeeding.

have a body mass index of 36kg/m 2 and above.

Sample size.

There are no data available to allow an estimate of the relative effect size of the comparator intervention
(pendulum swinging of the leg). Sample sizes between 24 and 50 are recommended for feasibility
studies to estimate standard deviations in measures for use in a future sample size calculation for fully
powered testing [9][10]. A total sample size of 50 will allow us to estimate a drop-out rate of 80% to within
a 95% con�dence interval of +/- 11%”, [1, 2]. A sample of 50 will also allow for process and feasibility
issues to be explored with an emphasis on the context and mechanism of using the system (data
collection and feedback). This sample size is supported but other empirical work. [11]

Registration and random allocation.

Once a patient has been recruited, has given consent, and has passed the selection criteria, the clinician
or researcher will register the patient by telephoning the research o�ce where an independent researcher
will allocate a patient to their group using a simple 1:1 random allocation process. Before starting, a
series of numbered envelopes will be �lled with a group allocation using a random number generator. The
envelopes will be opaque and sealed. The researcher will give the patient the next registration number
and open the pre-�lled numbered envelope. The treating researcher will be informed of the allocation.

Data collection.

Data will be collected by researchers who are not informed of a patient’s allocated group. Patients will be
asked not to disclose their group. At the end of each research assessment, the person collecting data will
be asked to indicate which group they think a patient was in. If the patient has told them, they should give
that group.

The following demographic and clinical information will be extracted from the clinical record:

gender, age, weight in kilograms, height in centimetres, estimated age of onset

Kellgren-Lawrence X-ray grading of the most affected knee [12]

The following clinical data will be collected

Pain, measured from 0–10 on a numerical rating scale from 0, “no pain”, to 10, “worst pain”. [13]

Oxford Knee score [14][15]

Six-minute walking distance, measured in a gym or corridor. [16]

30-second Sit-to-Stand test [17]

strength of the quadriceps muscle, using a hand-held dynamometer [18]

gait kinematics using triaxial accelerometer [19]
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The clinical data will be collected at baseline at the hospital, at 12 weeks (end of treatment programme)
at the hospital and some data will be collected at 24 weeks by telephone.

In addition, data will be collected on the feasibility and experience of (a) the allocated treatment and (b)
the research processes. These data will be recorded by the patient at home, with researchers collecting
the recorded data from the patient. They include:

Recruitment rate to the study and reasons for non-participation

Adverse events

recording missing data from each measure at each point for both intervention arms

recording how many patients dropped out, when and if a reason is given, why

reviewing comments within treatment diaries

recording degree of reported adherence to the exercise intervention

reviewing the data collected during treatment sessions from the accelerometers or pedometers

Last, data will be collected during the exercise sessions undertaken by each patient. Each patient will be
allocated four accelerometers, two for each leg. Two labelled accelerometers are delivered by a research
team member to each patient each week while the two accelerometers in use are collected at the same
time. Each accelerometer contains a MiniSD card, After collection of the accelerometer from a patient, the
MiniSD card is removed by the researcher and the data are downloaded. The data is then cleared from
the card which is then replaced in the accelerometers. The following week the two accelerometers will be
returned in exchange for the pair used.

The accelerometer is strapped on at the ankle, with a clear sign indicating the position. The therapist will
teach the patient how to apply the accelerometers. There is also a video for the patient. When the
accelerometers are changed at the end of a week, the patient may report any di�culties, which will be
documented. They may also be given further advice or teaching if needed. This will also be documented.

Furthermore, patients in each group will be asked to keep a daily diary.

In the pendulum therapy group, it is anticipated that some patients will �nd standing on one leg taking
the whole-body weight for up to 50 minutes may cause pain or discomfort, and this will be recorded. No
other speci�c adverse events are anticipated, but all patients will be told that they may rest if they
experience unusual or troublesome pain, breathlessness, or other symptoms. They should keep a diary of
their actual pendulum therapy each day, recording any symptoms they consider notable including
symptoms that limit exercise.

In the walking therapy group, it is anticipated that some patients will experience knee pain during or
within an hour after waking, and patients will be asked to record this. No other speci�c adverse events are
anticipated, but all patients will be told that they may rest if they experience unusual or troublesome pain,
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breathlessness, or other symptoms. They should keep a diary of their walking therapy each day, recording
any symptoms they consider notable including symptoms that limit exercise.

The data at baseline and 12 weeks will be collected when the patient visits the hospital, by masked
researchers who will not be told the patient’s group. Patients will be asked not to disclose their group.
Nonetheless, patients are likely to disclose something. Each outcome assessor will be asked to say which
group they believed the patient to be in. The data at 24 weeks will be collected by telephone.

Figure one shows the schedule for the study including what data are collected when.

Treatments.

The patient will be allocated to one of two treatments: walking exercise, or pendulum therapy. All patients
will be asked to undertake their allocated treatment on at least �ve days each week. Patients will be free
to undertake more of their allocated treatment; those in the walking exercise group will be walking
anyway. Patients in the walking exercise group will be asked not to undertake pendulum therapy for the
12 weeks of the trial. All patients will be given a diary to record the date and duration of each session they
undertake. They will be asked to complete it each day.

Pendulum therapy.

To undertake this, the patient should stand on a platform 15 cm above the ground, with one leg standing
on the edge of the platform as a supporting leg, and the other leg hanging. The patient should hold on to
something with the arm on the opposite side to the swinging leg, to maintain balance. The subject should
�ex the leg at the hip (i.e. move the leg forward) to about 45–60 degrees. The knee should be kept
extended. Then the patient should extend the leg at the hip (i.e. move it backwards) until it is extended by
15–20 degrees. The patient will swing their leg at a rate between 30–50 swings per minute.

The researcher will instruct the patient in the exercise and in �tting and activating the accelerometer. The
researcher may also show the patient ways to reduce the stress on the leg bearing the whole-body weight.

The target is to undertake 1600–2000 swings (one swing includes forward and back, a whole cycle) each
day, and the target swing rate is 40 swings a minute. At the �rst, instruction session, a researcher
assistant will:

teach the patient how to �t, activate and use the accelerometer collecting data

teach the patient how to swing (setting up, and swinging)

observe the rate and any features such as fatigue and pain

agree on an initial target rate and session length or count

suggest a schedule for progression towards the target rates to be achieved over eight weeks, shown
in Table one
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suggest that, if fatigue or other symptoms limit a session, the patient undertakes two shorter
recorded sessions each day

Table one

Patients will be reassured that they may undertake additional pendulum therapy if they wish and that
they may walk and do anything else that they wish.

Walking therapy.

Patients in this group will also see a researcher to be assessed and taught how to use a pedometer and
advised on walking as an exercise.

In the �rst session with a researcher, they will be given advice on the known bene�ts of walking exercise
and observed walking for six minutes (possibly as part of the six-minute walking test).

The target will be to undertake 50 minutes of speci�c walking exercise each day. This can include
walking for another purpose, such as visiting a friend or going to and from a shop, if it is a walk and not
‘wandering about a shop’. They also need to wear a pedometer strapped to the ankle. They will be given a
similar graded programme of increasing exercise, moderated by the patient’s ability and symptoms. The
schedule is also shown in Table one. As with the other group, an option of two shorter episodes will be
given.

Patients will be reassured that they may walk as much as they like outside treatment sessions and
undertake any other activities. The only exception is that they will be asked not to undertake any
pendulum swinging during the �rst 12 weeks.

Data handling.

The clinical data will be recorded in a Clinical Research File, on paper, completed by researchers and
signed by a doctor. The data will be entered into a computer database.

Data from the accelerometers worn during the exercise will be downloaded each week. The data will be
stored and sent to data analysts who will analyse the data on a batch basis later.

Information on any reported adverse event will be documented in the patient’s Clinical Record Form and
reported to the local principal investigator who will assess its signi�cance and the likelihood it is related
to the trial process. The outcome of that judgement will be recorded using the severity categories [20]

a. Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic observations only; no
intervention indicated

b. Grade 2 Moderate; minimal, local or noninvasive intervention indicated; limiting age-appropriate
instrumental ADL
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c. Grade 3 Severe or medically signi�cant but not immediately life-threatening; hospitalization or
prolongation of hospitalization indicated; disabling; limiting self-care ADL

d. Grade 4 Life-threatening consequences; urgent intervention indicated.

e. Grade 5 Death related to AE.

The causal link, as determined by the principal investigator, between the treatment and the adverse event
will also be graded:

a. Not related

b. Unlikely related

c. Possibly related

d. Probably related

e. De�nitely related

Information reported on the interventions by patients when data are being collected will be noted in the
clinical record.

All diaries will be collected at the 12-week follow-up appointment. The record of time spent each day will
be transferred to the database. Comments will be transferred to the clinical record.

Telephone data at 24 weeks will be transferred to the clinical record and entered in the database.

Data analysis.
Most of the analysis will be descriptive.

The feasibility criteria we have set are:    

missing data from each measure at each point, <10% at baseline and <20% 12 weeks

the criterion set for 24 weeks is <30%

patients dropping out, <5% at 12 weeks, <30% at 24 weeks

achieving target (self-reported and monitored) goals of exercise by six weeks

70%

a further 30% will be within 20% of their target

self-reported and monitored achievement in the last 6 weeks

>50%  

>50%  

recruitment, 

>70% of eligible patients



Page 10/17

>40% of patients initially approached

reviewing the data collected during treatment sessions from the accelerometers or pedometers
We will compare the demographic data at baseline, and the clinical data associated with osteoarthritis at
baseline and at 12 weeks. We will use a t-test for parametric data and a Mann-Witney U test for non-
parametric data. We do not expect a statistically signi�cant difference between the groups.

We will estimate the number of patients needed to determine a difference using the Oxford Knee score at
24 weeks of a clinically meaningful difference of 5.0 points (95% CI 4.4–5.5), and the six-minute walking
distance at 12 weeks.

Discussion
The pilot study will help decide whether a large-scale trial comparing two forms of exercise for people
with osteoarthritis of the knee is likely to succeed in recruiting and retaining enough participants able to
adhere to a recommended level of exercise for 12 weeks. It will also enable a calculation of the total
number of patients that would be needed. Third, it will suggest changes that might improve the new
treatment and others that might increase recruitment, increase adherence to the recommended
treatments, and increase retention of participants within the study for six months.

Exercise is known to have some bene�ts for people with osteoarthritis of the knees. The commonest
exercise – and the usual goal for patients – is walking more. Walking may increase pain in the short term
and may potentially involve putting more stress on the damaged cartilage in the joint. A therapeutic
exercise, swinging one leg while standing on the other leg, is commonly used in China.

If it is true that de-weighted knee exercise has an additional bene�t, it will offer a simple means of
reducing the problems arising from osteoarthritis of the knee. Establishing whether this hypothesis is
correct will require a large trial as it will be compared with a known effective treatment. It is therefore
important to undertake a pilot study such as this one.

One issue we are concerned about is whether the loss of the secondary bene�ts of walking as an exercise
will counteract any speci�c bene�ts on the new exercise. Walking may have general social and
psychological bene�ts arising from meeting people, participating in social activities outdoors, and being
in open spaces with trees etc.

A second issue is the inevitable stress placed on the leg taking all the weight during pendulum swinging.
This may limit the time exercise can be undertaken. It might possibly worsen pain.

These two issues cannot be studied in this trial, because they will only be answered in the large trial.
Nonetheless, when looking through the comments, there may be comments that give clues.

The biggest issue in all trials of exercise, an issue that affects all people even if they have no illness, is
engagement and adherence to recommended amounts of exercise. We will be measuring this and will



Page 11/17

analyse comparative degrees of compliance.

A pilot study should not only determine how practical a large trial will be and whether is could answer the
question. It should also lead to signi�cant further improvements in trial design. In this study the
anticipated improvements include improving the acceptability of the experimental exercise regime and
improving the e�ciency of data collection. The qualitative data from patient diaries and comments
should lead to improvements in the treatment especially.
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Table one.  The progressive target of exercises in Knee Osteoarthritis Pendulum Therapy (KOAPT) and
control group over 12 weeks  

Weeks KOAPT group

(Swings/day)

Walk group

(Steps/day)

Exercise time

(Minutes)

1 600 1200 15

2 800 1600 20

3 1000 2000 25

4 1200 2400 30

5 1400 2800 35

6 1600 3200 40

7 1800 3600 45

8 2000 4000 50

9 2000 4000 50

10 2000 4000 50

11 2000 4000 50

12 2000 4000 50

KOAPT = Knee Osteoarthritis Pendulum Therapy

Figures
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Figure 1

The SPIRIT �gure, illustrating the schedule of data collection
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Figure 2

CONSORT �ow diagram
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