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Objective: Shi’s Knee Daoyin (SKD) exercise is a treatment derived from Traditional Chinese exercise (TCE) specifically designed
for lower limb health care. This study aimed to assess the feasibility of conducting a randomized controlled trial to explore the
effectiveness of SKD exercise in treating knee osteoarthritis (KOA).

Methods: Participants were randomized to receive Health Education (HE) or SKD exercise. The primary outcomes were feasibility
and safety outcomes, including participant recruitment rate, retention rate, as well as adherence to intervention. The secondary
outcomes included Visual Analogue Scale (VAS) scores for pain, the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAUC) score, the 20-Meter Walk Test (20-MWT) and the 5-times Chair-Stand Test (5-CST).

Results: The results indicate that out of 89 individuals invited to participate in the study, 72 were eligible and agreed to participate,
resulting in a recruitment rate of 80.9%. All participating patients completed the follow-up and were included in the analysis; no
patients dropped out of the study due to adverse events. The secondary outcome measures showed that after twelve weeks of treatment,
the VAS score, WOMAC total score, WOMAC pain score, WOMAC stiffness score, and WOMAC function score of patients in the
HE group and SKD group all improved, but the improvement was more significant in the SKD group. The 20-MWT of SKD group
after treatment was significantly shorter than before treatment (P<0.001); There was no significant difference in 20-MWT between the
HE group and baseline after treatment. The performance of the two groups of patients improved in 5-CST, but there was no statistical
difference between the two groups after treatment (P=2.439).

Conclusion: This study evaluated the feasibility and effectiveness of home-based SKD exercise intervention in alleviating symptoms
in patients with symptomatic KOA, providing valuable information for designing an appropriate randomized controlled study.
Keywords: knee osteoarthritis, pilot, exercise, randomized controlled trial

Introduction

Knee osteoarthritis (KOA) is a prevalent joint disease among middle-aged and elderly patients, impacting all tissue components
within and surrounding the joint.' KOA is characterized by cartilage degeneration, subchondral bone remodeling,” meniscal
degeneration,>” inflammation and fibrosis of both infrapatellar fat pad and synovial membrane that are involved in pain.” Factors
contributing to the development of OA include age, joint trauma, other joint diseases, and overweight/obesity.’
Moreover, KOA causes a low health-related quality of life by negatively affecting psychological and physical wellbeing.”* It
is the primary cause of disability with a negative impact on the physical and mental health of people across the globe.” Based on
epidemiological statistics, the incidence rate of KOA sharply increases with age.'® The increasing incidence of OA has globally
led to substantial health and economic burden;'" specifically in China, where, the number of aging population has been rapidly
growing.'? China has the largest global population, besides, its national population is rapidly aging; the rate of aging population
(>60 years) is predicted at 25.3% in 2030, and over 30% in 2050."* According to a 2014 national population-based survey in
China, the prevalence rate of symptomatic KOA was at approximately 8.1% among Chinese residents aged 45 years, and
significantly increased with advancing age.'*
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Nonetheless, to our knowledge, no effective disease-modifying therapy for KOA has been reported.
Existing treatments are available to reduce pain, improve joint mobility, and optimize survival and quality of life.
Although pharmacological treatment can effectively relieve pain and improve mobility in KOA, accumulating evidence
reveals that long-term use of pharmacotherapy and intra-articular injections may lead to severe undesirable side effects,
including gastrointestinal reactions and multi-organ failure.'

In recent years, exercise therapy is highly recommended inexpert consensus guidelines for the treatment of osteoarthritis in
many regions and countries; most experts recommend exercise therapy as preferred non-pharmacological intervention for
KOA patients.'>'®!” Increasing evidence from meta-analyses and randomized controlled trials reported that the practice of
Traditional Chinese exercise (TCE), a category of therapeutic exercises, is increasing across the globe.'® ' These exercises
include Tai Chi, Qigong and Daoyin, which have substantially benefited human health for over 2000 years in treating KOA.**~
26 Notably, TCE is generally accepted by doctors and patients in China. Specifically, Shi’s Knee Daoyin (SKD) exercise is
a treatment based on TCE established for lower limb health care. However, unlike the conventional exercises, SKD is more
simplified and targeted in exercise protocol.>” > Therefore, although many older adults already practice SKD, no randomized
controlled studies have been performed to validate its therapeutic effect in treating KOA. Future research should conduct
a comprehensive powered randomized controlled clinical trial to confirm the efficacy of SKD exercise for KOA. Nonetheless,
a feasibility and pilot study should be first conducted to find out its acceptability, safety and potential treatment effect.

As such, this paper seecked to assess the feasibility of the research methods, procedures, and interventions of
conducting a two-group parallel randomized controlled clinical study, to provide a research foundation for exploring
the effectiveness of home-based SKD exercise on KOA in the future.

Methods
Study Design and Setting

In preparation for a comprehensively powered randomized controlled trial, this pilot and feasibility randomized
controlled trial was conducted at the outpatient clinic of Shuguang Hospital Affiliated to Shanghai University of
Traditional Chinese Medicine in Shanghai, China.

The trial was performed based on the principles outlined in the Declaration of Helsinki (2013 revision World Medical
Association Declaration of Helsinki) and Consolidated Standards of Reporting Trials (CONSORT) 2010 extension for
randomised pilot and feasibility trials.*® The study protocol was approved by the Chinese Ethics Committee of Registering
Clinial Trials (No.ChiECRCT-20170083). The trial protocol was also registered to the Chinese Clinical Trial Registry and
chictr.gov.cn (No.ChiCTR-IPR-17013465). All participants signed informed consent forms before participating in the study.

Participants
Inclusion Criteria

The inclusion criteria included: age > 45years (either sex); patients fulfilling the diagnostic criteria of KOA proposed by
American Rheumatism Association guidelines;*' patients experiencing chronic knee pain during the past six months;
patients not under any clinical study and/or exercise program before enrolling into this study.

Exclusion Criteria

Participants will be excluded if they meet any of the following criteria: pain in the knee caused by floating cartilage, joint
effusion, malignant, or autoimmune disease; patients complicated with infection diseases or severe systemic diseases:
heart and cardiovascular system dysfunction, liver dysfunction, renal dysfunction, coagulation dysfunction, or serious
psychosomatic diseases; patients with injections in knee joints within 6 months before the study; patients with a history
of trauma or previous operations on the knee.

Recruitment

Patient diagnosis of KOA was confirmed at the Orthopedic-Traumatological Department, Shuguang Hospital Affiliated to
Shanghai University of Traditional Chinese Medicine. The patients were consecutively screened for availability between
January 2017 and December2019. Before enrolment, each participant was verbally and in written form informed on the objective and
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nature of the trial and about the investigator. The investigator also informed the patients that their participation is voluntary and are
free to withdraw at any time for any reason. A written formal informed consent form was signed and obtained from all interested
and eligible participants. The researcher recorded data from all potential participants including primary reasons for exclusion,
declines, or withdrawals for the entire duration of the study (Figure 1).

Sample Size Calculation

Notably, the primary goal of this pilot trial was to assess the feasibility of the research methods, procedures, and interventions.
According to the research guidelines, a pilot feasibility study can accept 20-30 samples.*>** Thus, based on the consensus
opinion of experts including statisticians, public health specialists and clinicians, it was agreed that a sample of 72 would be
adequate to inform feasibility for a fully powered randomized controlled trial and gather preliminary outcome data.*

Intervention

Health Education Group (HE Group)

At the first visit, each subject acquired HE lecture on KOA for approximately one hour and a paper version of manual
titled “Health Education for KOA” was provided to consolidate their understanding and memory of health knowledge on
KOA (Appendix 1). This education involved several chapters including risk factors; examination and diagnosis of KOA;
lifestyle modifications including weight reduction and activity modification; nursing care and treatment options for KOA;
home environment; benefits of regular physical activity and methods of self-assessment and recording fluctuate of KOA
symptoms. The frequency of HE is once a week, and the total times of treatments is 10. The follow-up times is 12 weeks.

SKD Group

The SKD group was subjected to SKD exercise treatment based on the HE group. The exercise protocol comprised three forms
(Appendix 2). During the exercise, it was necessary to lay stress on the coordination of limb movements, respiratory
movements and mind, whole-body relaxation, and spiritual relaxation. An experienced coach provided guidance to patients
on how to perform the exercises. The coach instructed participants on how to perform exercises 3 times in the first two weeks,
30 minutes each time. Then, 3 to 12 weeks was devoted for the SKD exercise, and exercise frequency is once a week, and the

Assessed for eligibility (n=89)

Excluded (n=17)
* Not meet the eligibility criteria (n=17)

* Declined to participate (n=0)
* Other reason (n=0)

Randomized (72)

' Allocation l
$ J

Allocated to 1 group (n=36) Allocated to 1 group (n=36)

* Receive allocated intervention (n=36) * Receive allocated intervention (n=36)

« Did not receive allocated intervention (n=0) * Did not receive allocated intervention (n=0)
J. Follow-Up j,

Completed 8-week reassessment (n=36) Completed 8-week reassessment (n=36)
Completed 12 and 14-week reassessment (n=36) Completed 12 and 14-week reassessment (n=36)
J. | Analysis l J.

Included in analysis (n=36) Included in analysis (n=36)

Figure | Flow diagram showing patient enrolment and follow-up.
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total times of treatments is 10. At the end of each exercise period, participants noted down the exercise record using a personal
exercise record booklet, which included the duration of the exercise. The follow-up times is 12 weeks.

Randomization and Allocation Concealment

Blocked randomization was used to assign participants to two groups of the HE group and the SKD group at the ratio of
1:1. This was conducted using SPSS software by an independent statistician who was not involved in any other part of
the trial. Block size was randomly selected between 2 and 4. The randomization list was kept in a locked cabinet. Serially
numbered, identical opaque, and sealed envelopes were used to guarantee randomization concealment. Thereafter,
concealment of allocation was also ensured by sealed, opaque, and sequentially numbered envelopes.

Outcomes

Primary Outcomes

The primary outcomes were feasibility and safety outcomes, including participant recruitment rate, retention rate, as well
as adherence to intervention. Recruitment rate was computed as the percentage of randomized eligible participants.
Retention rate was calculated as the proportion of the number of subjects participating until the end of the study period.
Participant treatment adherence to intervention was calculated as the completion percentage of the protocol exercise
program. Security was assessed by monitoring the occurrence of harmful events.

Secondary Outcomes

The secondary outcomes of the study included the following preliminary effectiveness outcomes, primarily including patient
self-assessment measures; a visual analogue scale (VAS) scores for pain, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score, the 20-Meter Walk Test (20-MWT) and the 5-times Chair-Stand Test (5-CST).

VAS

The VAS-pain score was used to quantify the subjective pain intensity of knee joint in daily life. The VAS-pain
method was performed employing al0-cm horizontal line segments with marked “no pain” on the left (scored as 0),
representing the absence of any pain, and “the worst pain” (scored as 10) on the right, representing extreme or intolerable
pain.*® Participants were required to mark the VAS drawing a vertical line on the horizontal bar to record the degree of
pain they perceived while on walking on a flat way weekly during intervention.

WOMAC

This work used the Chinese Likert-scale version of WOMAC questionnaire.>” The WOMAC questionnaire comprises five
questions assessing pain intensity in daily activities (pain subscale, range 0-20), two items for stiffness (stiffness subscale, range
0-8), and 17 items for physical function (physical function subscale, range 0—68). Each of WOMAC questions is answered by
selecting one of the five different answers: none (0), mild (1), moderate (2), severe (3) and extreme (4). We calculated the
WOMAC total score and subscales score. Notably, the WOMAC score has been extensively validated, and widely recommended
and used in studies of KOA.*® The higher the WOMAC score, the greater the pain, stiffness, and dysfunction.

20-MWT

The 20-MWT was used to assess walking ability and endurance;*” participants were instructed to walk three times along
a 20-meter walkway at a comfortable walking pace. The researchers recorded the time the participants spent on a 20-
meter walk and further calculated the average walking time in seconds.

5-CST

Of note, 5-CST provides a direct assessment of overall physical health, including leg strength and knee function.*’
Participants were asked to repeat the sitting test five times, while sitting on a chair. The researchers recorded the duration
participants spent on a chair repeating the sitting test five times.

2814 https: Journal of Pain Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

Statistical Analysis

All relevant data obtained in this study were further compiled and analyzed using SPSS 17.0 statistical software.*!
Continuous data with a normal distribution are presented as mean + standard (X+S) deviation and analyzed for
differences between groups using Student’s 7-test. For data not normally distributed, we present the results as median
(Q1,Q3) and analyze intergroup differences using the Wilcoxon rank sum test. Categorical data are expressed as counts
and percentages, with differences between study groups determined using either the chi-square test or Fisher’s exact test,
depending on which is most appropriate. And p<0.05 was considered indicative of a significant difference in the data.
Used the last observation carry over method to compensate for the missing data.

Results

Primary Outcomes

Recruitment and Retention Rate

The flow chart for patient recruitment and retention is shown in Figure 1. A total of 89 participants were invited to
participate in this study; out of whom 72 of them (64 women, 8 men, mean age=67.65+6.53 years) were found eligible
and participated in the trial. The recruitment rate was 80.9%. Analysis and follow-up were performed in all patients.

Treatment Adherence
Generally, 58/72 (81%) of patients attended at least 80% of their sessions.

Safety
Safety was analyzed in 72 patients participating in the trial. No deaths or other adverse events were reported during the

study period; besides, no patients were discontinued due to adverse events.

Baseline Characteristics

HE group comprised 36 cases, including 4 males (11.1%) and 32 females (88.9%); their average age and BMI was 68.08
+5.64 years and 23.09+3.51 Kg/m?, respectively. Furthermore, the disease duration distribution was between 3 and 108
months; the average duration was 12 (8, 34) months. SKD group comprised 36 cases, including 4 males (11.1%) and 32
females (88.9%); their average age was 67.22+7.37 years and BMI was 24.05+2.89 Kg/m?, respectively. Furthermore,
the disease duration distribution was between 1 and 144 months, and the average duration was 10.6 (8, 36.5) months. The

two groups were comparable on their baseline information without any significant differences (P>0.05) (Table 1).

Table | Baseline Characteristics of Participants

Variables HE group (n = 36) SKD group (n = 36) P

Age, mean%SD, years 68.08+5.64 67.22+7.37 0.58

Sex, n

Women 32 32

Man 4 4

BMI, mean * SD, kg/m? 23.09+3.51 24.05+2.89 0.207

Disease duration, median(Q1,Q3), month 12 (8,34) 10.6 (8,36.5) 0.678

WOMAC Index, mean * SD

WOMAC total 32.92%19.19 32.25+15.65 0.835

WOMAC pain 6.61+3.98 6.31£3.26 0.723

WOMAC stiffness 2.69+1.86 2.64%1.46 0.888

WOMAC function 23.61+13.85 23.31%11.72 0.92

VAS index, mean * SD 24.78+23.10 23.69+22.68 0.465

20-MWT, mean * SD, seconds 19.32+6.09 18.22+4.35 0.312

5-CST, mean * SD, seconds 16.7£6.23 15.76+5.4 0.273
Journal of Pain Research 2024:17 https: 2815
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Secondary Outcomes
Table 2 provides a summary of VAS pain scores and WOMAC scores at Baseline, 4 weeks, 8 weeks, and 12 weeks, along
with 20-MWT and 5-CST times at both Baseline and 12 weeks.

VAS

In general, the degree of pain in both groups decreased after treatment (Figure 2); specifically, the pain improvement in
the SKD group was better than that in the HE group. No significant difference was noted in VAS-pain scores between the
two groups in baseline (P=0.465). VAS-pain score of SKD group after treatment was significantly lower than that before
treatment (P<0.001). However, no significant difference was found between the VAS-pain scores before and after
treatment in the HE group (P=0.638) (Table 2).

WOMAC

One of the secondary outcome measures for both groups was the change in the WOMAC score 12 weeks after
treatment (Figure 3—6). The WOMAC scores of both groups were significantly lower than that of the baseline. The
mean WOMAC pain, stiffness, physical function, and total score gradually declined over time in both groups.
Analysis revealed significant changes in the WOMAC scores and subscales over time (P<0.001), indicating
a significant change over group-by-time interactions for WOMAC pain (P=0.03), physical function (P=0.019),

Table 2 WOMAC, VAS, 20-MWT and 5-CST Score Changes

Groups Times Effect over time P value

Baseline 4 weeks 8 weeks 12 weeks Group effect | Time effect | Group/time interaction

WOMAC index, mean * SD

WOMAC total
HE group 32.92+19.19 | 31.86+18.90 | 30.06+17.83 | 28.19+17.84 0.188 <0.001 0.023
SKD group | 32.25%15.65 | 29.42+14.31 | 22.28+14.08 | 19.83+14.74

WOMAC pain
HE group 6.61+3.98 6.03+3.97 5.28+4.19 5.14+3.84 0.148 <0.001 0.03
SKD group | 6.31£3.26 5.31£2.94 3.89+2.91 3.17+2.67

WOMAC stiffness

HE group 2.69+1.86 2.64x1.79 2.47%1.52 2.22+1.53 0.583 <0.001 0.572
SKD group | 2.64%1.46 2.47%1.30 2.17%1.32 2.03+1.28

WOMAC function

HE group 23.61£13.85 | 23.19£13.89 | 22.31%12.66 | 20.83%13.09 0.188 <0.001 0.019
SKD group | 23.31+11.72 | 21.64+10.65 | 16.22+10.52 | 14.64%11.59

VAS index, mean + SD

HE group 24.78+23.10 | 19.50£13.60 | 20.14%15.16 | 18.08+17.13 0.215 <0.001 0.201
SKD group | 23.69+22.68 | 18.47+17.66 | 15251541 | 12.14£14.40

20-MWT, mean + SD, seconds

HE group 19.32+6.09 17.58+3.32 0.232 <0.001 0.977
SKD group | 18.22+4.35 16.47+2.63

5-CST, mean + SD, seconds

HE group 16.7£6.23 14.98+4.67 0.54 2.439 0.616
SKD group 15.76+5.4 14.45£5.11
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and total score (P=0.023). However, the interactions group-by-time were not significant in stiffness (P=0.572).
Additionally, analysis of variance with repeated measures over time showed no difference between the groups

(P=0.706) (Table 2).
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Figure 6 The effects of SKD on WOMAC function scores. The scores were shown as mean.

20-MWT

Participants improved their performance of 20-MWT from baseline to week 12. No significant difference was noted in
20-MWT between the two groups in baseline (P=0.312). The 20-MWT after treatment in the SKD group was
significantly shorter than that before treatment (P<0.001); no significant difference was noted between the 20-MWT
after treatment and baseline in the HE group (P=1.036) (Table 2).

5-CST
Participants improved their performance of 5-CST from baseline to week 12, but no statistical difference was found

between the two groups when compared after treatment (P=2.439) (Table 2).

Discussion
The present pilot study found that unsupervised SKD exercise in a home setting thrice-weekly for 12 consecutive weeks is
feasible and acceptable recommendation to patients with KOA. Moreover, we provide preliminary, exploratory information
to inform the design of future fully powered trial. To our knowledge, this is the first clinical study to investigate the efficacy
and feasibility of SKD exercise as an intervention for individuals diagnosed with KOA.

In this pilot trial, the recruitment rate is 80.9%, retention rate is 100%, and treatment adherence is 81%. The author believes
that the high recruitment rate, retention rate, and treatment adherence may be related to the researchers’ sufficient supportive
supervision and frequent interaction with participants. Previous studies have also shown that sufficient supportive supervision
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and frequent interaction with participants can improve retention rate and treatment adherence.** Nonetheless, attendance and
compliance figures in the present study were comparable. Notably, adherence and compliance rates could be increased with
simplified exercise protocol. In contrast with the protocol of SKD exercise (Appendix 2), the other TCEs (e. g.Tai Chi)
protocols are lengthy and complex, thus regarded as a class of exercises requiring high degree of fixed attention and strong
remembrance.*> Aging is often associated with a decline in cognitive function and memory.** OA is a chronic degenerative
disease affecting the aging population. Thus, simpler exercise protocols have advantages compared to other conventional
exercises among individuals with KOA. For instance, home-based SKD exercise may be more suitable for older peo-
ple with frailty or at risk of frailty, this is because they allow practice in a familiar environment. Practitioners may derive long-
term benefit from daily SKD exercises, since they are implemented without supervision and requirements of adaptation
to environmental conditions. However, lack of supervision is a potential limitation that potentially leads to unsafety, non-
adherence, and incorrect quantification.*> Our findings showed that SKD was tolerated without adverse events. Notably,
regarding the ongoing 2019 novel coronavirus (2019-nCoV) pandemic, individuals are expected to minimize outdoor
movements or even self-isolate at home, thereby resulting in less physical activity and additional novel health problems
with KOA. Although other exercises are available, with additional apparatus and equipment, SKD has its unique advantage as
an exercise that can be performed at home at any time.

Several pieces of research evidence have been published regarding the benefit of therapeutic exercise for KOA.*¢*®
Evidence from high-quality studies demonstrates that therapeutic exercise is effective in pain reduction, improvement of
articular function and global life quality among individuals with symptomatic KOA.* As for TCE, a recent meta-analysis
suggested that TCE may be effective in relieving pain, alleviating stiffness and improving the functions of the joints in patients
with KOA.?? In different meta-analysis, the results supported the evidence that Tai Chi exercise, one type of TCE, has
a significant beneficial effect on improving function of walking and posture control among older patients with KOA.>>?

This pilot study provides encouraging results for SKD exercise in KOA, and demonstrates the feasibility of conducting
larger comprehensive powered randomized controlled trial with a similar intervention protocol. This study was designed to
assess feasibility and estimated effect size, but was not powered to detect between-group. Through data analysis, we noted
a decreasing trend of the WOMAC total score in the SKD and control groups; a significant decrease was observed in the
SKD group. Meanwhile, the mean score reduction on WOMAC pain subscale of SKD group after 12 weeks of intervention
was 3.14 compared to the baseline time value; besides, the decrease of mean VAS-pain score of SKD group was 11.56 com-
pared to the baseline time value. This was remarkably better than that of the control group. Therefore, these preliminary
results support the efficacy of SKD in alleviating symptoms in patients diagnosed with KOA. Our findings provide a refer-
ence for sample size calculation of comprehensively powered randomized controlled trial with similar interventions. Based
on the foregoing data on VAS-pain score (the smallest clinically relevant difference (MCID) of the VAS-pain index of 1.8
units),>* we preliminarily estimated the sample size necessary for the main trial to be 80 (HE group=40, SKD group=40). If
we want to detect 6.7 unit MCID of WOMALC total score,”> approximately 260 subjects (HE group=130, SKD group=130)
should be recruited. Thus, this study is exploratory by design. The efficacy of SKD exercise treatment on KOA will be
assessed in a fully loaded randomized controlled study.

This study has worth-mentioning limitations. First, SKD may improve the lower limb muscle strength of patients,
however, the objective indicators including Isometric Muscle Strength and Gait Parameters were not included. Secondly,
relatively small sample size led to the lack of statistical significance of the results. In the planned next steps,
a larger sample size is necessary to confirm our preliminary findings of reduction in pain intensity and explore other
potential undetected benefits. Thirdly, this pilot study did not collect Kellgren Lawrence information from patients,
lacking an assessment of the severity of KOA in patients. Additionally, this pilot study only included mild to moderate
pain cases, whereas patients with severe pain may hardly tolerate this exercise intervention. As such, our findings may
not be precisely extrapolated to KOA patients with severe pain.

Conclusion

In conclusion, the present study provides important and valuable information to design a suitably powered randomized
controlled study assessing the efficacy of home-based SKD exercise intervention in relieving symptoms of patients
diagnosed with symptomatic KOA.
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Data Sharing Statement

The research team will preserve the original paper-version CRFs in a locked cabinet at the Shuguang Hospital Affiliated
to Shanghai University of Traditional Chinese Medicine for at least 5 years after publication of the study results. The
datasets are available from the corresponding author on reasonable request.
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