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Figure 2–4 Inspiratory muscle strength by POWERbreathe K2 

 

Physical activity level  

The International Physical Activity Questionnaire (IPAQ, Appendix X) 

Chinese version, a self-administered questionnaire, was used to assess the total 

physical activity of the participants (Macfarlane et al., 2007). Total physical activity 

was calculated by summing the metabolic equivalent task (MET) for different 

activities, such as vigorous physical activity, moderate physical activity, and 

walking. Each MET score was multiplied by the time spent on the respective 

activities, resulting in total physical activity expressed in MET·min·wk-1. Evidence 

showed that the IPAQ is a valid (r = 0.33-0.58) and reliable (Intraclass Correlation 

2
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Figure 4–1 Inspiratory muscle training by POWERbreathe 

 

 
Figure 4–2 Pre-operation rehabilitation exercise 
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Outcome measures 

Aerobic capacity 

Aerobic capacity was assessed by estimating VO2 max from the 6-minute 

walk test using a published regression equation (Šagát et al., 2023). Participants 

were required to walk back and forth in a 30-meter corridor for 6 minutes (ATS 

Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories, 

2002), and the total distance (m) walked was recorded. Responses, including heart 

rate, perceived exertion related to general fatigue, dyspnea, and knee pain, were 

measured before and after the 6-minute walk test. For further details, please refer to 

the Methodology in Chapter 2. 

Inspiratory muscle strength 

Inspiratory muscle strength was measured using a digital mouth pressure 

meter (POWERbreathe K2, Designed and Manufactured in the UK). Maximal 

inspiratory pressures were maintained for approximately 3 seconds. A minimum of 

3 and a maximum of 5 measurements were conducted, with a 1-minute rest interval 

between each. The highest pressure recorded was used for analysis. For further 

details, please refer to the Methodology in Chapter 2. 

Pain intensity 

Pain intensity was recorded to assess the overall knee pain intensity 

experienced in the past month using the Numeric Rating Scale (0-10) (Hawker et 

al., 2011). For more details, please refer to the Methodology in Chapter 2. 
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Health-related quality of life 

Participants were asked to complete the validated Chinese version of the 

WOMAC to evaluate OA-related knee function and quality of life (Symonds et al., 

2015). This questionnaire consists of three subscale scores: pain [0-20], stiffness 

[0-8], and disability [0-68], with higher scores indicating worse conditions. For 

more details, please refer to the Methodology section in Chapter 3. 

The Chinese version of the 12-Item Short Form Health Survey (SF-12) was 

used to measure generic quality of life, assessing both physical and mental 

component summary scales (PCS, MCS) (Lam et al., 2010). Higher scores on the 

SF-12 represent better quality of life. For more details, please refer to the 

Methodology section in Chapter 3. 

Feasibility 

Adverse events related to the study were assessed. An adverse event was 

defined as any symptom, disease, or abnormal sign occurring during the training 

procedure. Participants were required to record any discomfort related to the 

exercise intervention in their logbooks or report it to exercise trainer. The 

compliance rate was calculated by dividing the number of participants who 

complete two assessments by the total number of enrolled participants. The 

attendance rate was determined by dividing the actual number of exercise days by 

the total number of required exercise days. To ensure the effectiveness of the 

intervention, participants who did not achieve a minimum attendance rate of 60% 

were excluded from the Per-protocol analyses (Gill & McBurney, 2013; Mazières 
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et al., 2008; Rejeski & Brawley, 2006).  

Statistical analysis 

Data were analyzed using RStudio. The normality of data distribution was 

tested by the Shapiro-Wilk test. The baseline demographic characteristics of 

participants were compared between the two groups to assess any initial 

differences. For continuous variables, an independent T-test was used and presented 

as mean (standard deviation, SD) if the data were normally distributed; if not, the 

Mann-Whitney U test was used and presented as median (interquartile range, IQR). 

For categorical variables, the Chi-square test was employed to compare 

proportions. If the expected frequency in any cell was less than 5, Fisher’s exact 

test was applied.  

Generalized Estimating Equations (GEE) were used to evaluate the effect of 

the 8-week intervention on the outcome measures. GEE provides population-

averaged estimates and is suitable for handling non-normal data and different types 

of outcome distributions. Covariates (e.g., age, education) that showed significant 

differences at baseline were included in the model to control for potential 

confounding effects. The analysis of primary and secondary outcomes used an 

intention-to-treat approach, which included all participants received the allocation 

(n = 35), regardless of adherence or withdrawal. In addition, to examine whether 

changes in outcomes were affected by exercise adherence, a per-protocol analysis 

was conducted, including participants with good adherence (>60%). Results are 

presented as estimated marginal means with standard error (SE) or mean changes 
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with 95% confidence intervals (CIs). 

Results  

Participants characteristics 

The flow of participant recruitment, assessment, dropout, and re-assessment is 

shown in Figure 4–3. Of the 71 potential participants, 31 were excluded due to 

ineligibility (e.g., post unilateral total knee arthroplasty, receiving joint injection) or 

unwillingness to participate (e.g., lack of interest, distance, and time constraints). 

Forty participants were included and randomized into the trial arms, with thirty-five 

participants receiving the allocation. The characteristics of the groups were similar 

at baseline, except for age and education (Table 4–2). Five participants withdrew 

from the study due to time constraint in complying with the exercise prescription 

and assessments. Thirty-one participants completed two assessments, while seven 

participants had an attendance rate less than 60%. 

Intention-to-treat analysis 

The experimental group showed a tendency towards improved VO2 max, 

increasing by 1.58 ml·kg-1·min-1 (+9%, 95% CI -0.08 to 3.24; p=0.061) from 

baseline to week 8, as shown in Table 4-3. Maximal inspiratory pressure increased 

by 66% (0.47 cmH2O·kg-1, 95% CI 0.37 to 0.58; p<0.001). The experimental group 

also demonstrated significant improvements in pain intensity, the WOMAC scores 

(i.e., stiffness, pain, disability), and the SF-12 scores over time (all p<0.05).  

Per-protocol analysis 

Table 4–4 displayed the changes in primary and secondary outcomes from 
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baseline to week 8 among those with good exercise adherence (≥60%, n=24). VO2 

max increased by 2.38 ml·kg-1·min-1 compared to the control group (+13%, 95% CI 

0.77 to 3.98; p=0.005). Significant changes were also observed in maximal 

inspiratory pressure, which increased by 71% (p<0.001). The experimental group 

demonstrated improvements in pain intensity, WOMAC scores, and the physical 

component score of the SF-12 (all p<0.01).  

Feasibility  

Three participants in the experimental group and six participants in the control 

group withdrew from the study. The primary reason for withdrawal was a lack of 

time to participate in the training sessions and assessments. The overall compliance 

rate of the study was 78%. In terms of training adherence, five participants in the 

experiment group and two participants in the control group had adherence rates of 

less than 60%. Ultimately, ten participants in the experiment group and six 

participants in the control group attended all 40 sessions, while two participants in 

the experimental group and six participants in the control group attended 24 to 39 

sessions (see Table 4–5). The median attendance rate was 100% in the 

experimental group and 92.5% in the control group. Three patients reported four 

adverse events (3 knee pain, 1 hamstring muscle pain) during or after pre-operation 

rehabilitation exercises. All reported events were mild and resolved with rest. 

Discussion 

This was the first study aimed at evaluating the feasibility and effectiveness of 

inspiratory muscle training in patients with severe knee OA. In per-protocol 
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analysis, an 8-week inspiratory muscle training adjunct to pre-operation 

rehabilitation exercise programme demonstrated a significant improvement in 

aerobic capacity compared to the control group. Additionally, inspiratory muscle 

strength, pain intensity and quality of life improved over time in the experimental 

group. The high attendance rate and the low incidence of adverse events suggest 

that inspiratory muscle training adjunct to pre-operation rehabilitation exercise 

programme is a feasible intervention for patients with severe knee OA preparing for 

total arthroplasty surgery.  

Improvement in aerobic capacity  

This study evidenced an improvement in aerobic capacity, notably exceeding 

the minimal clinically important difference of 1 ml·kg-1·min-1 (Banks et al., 2016). 

Previous research supports the efficacy of inspiratory muscle training in enhancing 

aerobic capacity in older adults and individuals with various chronic conditions, 

such as chronic heart failure and chronic obstructive pulmonary disease, with effect 

sizes from 0.25 to 0.39 (Azambuja et al., 2020; Gosselink et al., 2011; Seixas et al., 

2020). The larger effect size observed in current study (Cohen’s d = 1.25) suggests 

that inspiratory muscle training is particularly beneficial for patients who adhere to 

the prescribed exercise regimen. This improvement may be due to increased 

inspiratory muscle strength and endurance, which enhance respiratory efficiency, 

and subsequently lead to improved aerobic capacity (Enright & Unnithan, 2011; 

Segizbaeva et al., 2015). These findings support the hypothesis in Chapter 2 that 

increased inspiratory muscle strength may mitigate the aerobic capacity deficit in 
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severe stages of knee OA. 

Improvements in knee function 

The findings suggest that inspiratory muscle training can positively impact the 

knee function and quality of life in patients with severe knee OA, particularly 

regarding pain, stiffness, and disability, as well as general physical health. The 

significant time effects indicate that the intervention had a meaningful impact on 

outcomes over time, reflecting improvements in physical capability and a reduction 

in OA-related symptoms. Inspiratory muscle training likely improves aerobic 

capacity and exercise tolerance. Enhanced respiratory muscle strength may reduce 

fatigue during physical activities, allowing patients to move more freely and with 

less discomfort (Brown et al., 2012; Segizbaeva et al., 2015). This, in turn, 

contributes to improvements in knee function and general physical health. Although 

there was no significant group difference, the greater improvements observed in the 

experimental group over time provide evidence that inspiratory muscle training can 

be beneficial. The lack of significant change or lower mean change in the control 

group further underscores the unique effect of the intervention. This suggests that 

while routine management may maintain quality of life, it might not lead to the 

same level of improvement as inspiratory muscle training. 

Implications for clinical and research practice 

The improvement in aerobic capacity was statistically significant compared to 

the control group, with a notable increase in VO2 max from baseline to week 8 in 

the experimental group. This suggests that inspiratory muscle training has potential 
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benefits for enhancing aerobic capacity in patients with severe knee OA, 

warranting further investigation. Significant improvements were also observed in 

knee function and general physical health. These findings indicate that inspiratory 

muscle training could bring them better health outcomes, making it a valuable 

adjunct to conventional OA management strategies. The absence of major adverse 

events suggests that inspiratory muscle training is generally safe for patients with 

severe knee OA; however, clinicians should monitor for potential discomfort and 

adjust the training protocol as needed. The high attendance rate indicates that 

patients with severe knee OA are willing and able to commit to this exercise 

modality.  

Given the incorporation of inspiratory muscle training with pre-operation 

rehabilitation exercise programme in the current study, future research should 

compare inspiratory muscle training with sham inspiratory muscle training to 

rigorously evaluate its efficacy. The current study focused exclusively on patients 

preparing for total knee arthroplasty, which limits the generalizability of the 

findings. Future research should include patients with varying degrees of OA 

severity to determine the broader applicability of inspiratory muscle training. 

Although adverse events were minimal, future studies should continue to monitor 

and report any potential side effects of inspiratory muscle training, such as 

breathless and dizziness. This will help refine safety guidelines and ensure the well-

being of patients undergoing this intervention. Moreover, the lower quartile of 

attendance rate indicates that there may be factors affecting the attendance of a 
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subset of individuals. Future studies should consider strategies to improve 

adherence to exercise, such as incorporating supervised sessions, combining regular 

supervised sessions with home exercises, or including regular exercise education 

sessions to encourage participants’ consistent engagement, which is important for 

the effectiveness of an exercise intervention. Lastly, future research should evaluate 

the sustainability of the intervention by assessing the changes in outcomes at 

follow-up time points, such as 3 or 6 months post-intervention. This long-term 

evaluation is essential for informing the development of effective exercise plans 

and ensuring that the benefits of the intervention are maintained over time. 

Strengths and Limitations 

This was the first clinical trial to explore the potential benefits of inspiratory 

muscle training for patients with severe knee OA. This study adds promising value 

to the existing research by providing evidence for a new intervention aimed at 

improving the management of severe knee OA. The study protocol was pre-

registered, included a randomized controlled trial design, and utilized a widely 

accepted field test to evaluate aerobic capacity. These conductions help ensure the 

transparency and credibility of the research, thereby increasing the reliability of the 

findings.  

This study has several limitations. A major limitation was adherence to the 

home-based training prescription. Although significant improvements were 

observed in the per-protocol analysis, which excluded participants with attendance 

rates below 60% and those who withdrew from the study (Mazières et al., 2008; 
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Rejeski & Brawley, 2006), such exclusions may introduce bias and result in 

incomplete data. Strategies such as frequent follow-ups and one to two supervised 

sessions per week have been suggested to improve adherence to exercise, thereby 

enhancing study validity (Bennell & Hinman, 2011). Second, maintaining 

participant and researcher blinding is challenge in physical exercise interventions. 

In this study, only the outcome assessors were blinded, which may have introduced 

detection bias, as participants’ awareness of the intervention could influence their 

expectations (Boutron et al., 2006). However, the use of objective measures for 

aerobic capacity helps mitigate this bias and improve the validity of outcome 

assessment (Sterne et al., 2019). Third, the study did not collect data on symptom 

duration, which may influence the outcomes. For instance, symptom duration has 

been found to affect the effectiveness of exercise interventions on pain and physical 

function (van Middelkoop et al., 2024). Nonetheless, participants met standardized 

inclusion criteria and had comparable baseline characteristics, which may limit the 

impact of symptom duration on the results. Future studies should include these 

variables to better control their influence on aerobic capacity and refine exercise 

interventions accordingly. 

Conclusions 

In this study, inspiratory muscle training adjunct to a pre-operation 

rehabilitation exercise programme was found to be feasible and effective for 

enhancing aerobic capacity in patients preparing for arthroplasty surgery. Future 

studies should consider incorporating supervised or educational sessions to improve 
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attendance rates. 
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Table 4–2 Demographic and clinical characteristics of participants (n = 35) 
Characteristics EG (N = 17) CG (N = 18) Test P values 

Age (years), mean (SD) 69.29 (6.04) 64.44 (7.49) T test 0.043* 
Gender (n), F: M 6:11 3:15 Fisher 0.264 
Body mass index (kg.cm2), mean 
(SD) a 27.66 (4.83) 25.47 (2.79) 

T test 
0.115 

Body fat (%), mean (SD) 30.27 (5.71) 29.23 (4.44) T test 0.553 
PASE, median (IQR) 64.86 (50.00 to 89.14) 75.71 (55.30 to 114.03) Wilcoxon 0.235 
Pain intensity (NRS 0-10), mean 
(SD) 

5.97 (1.78) 5.53 (1.69) t-test 0.456 

VO2 max (ml·kg-1·min-1), mean (SD) 15.62 (5.33) 20.74 (5.21) t-test 0.007 
Level of education (n)     

Primary school 1 0 

Fisher 0.027* 
Middle school 9 3 
Diploma 3 9 
Bachelor 0 3 
Post-graduate 4 3 

Employment status (n)   Fisher  
Full-time 1 1 

0.200 
Housing 0 3 
Part-time 0 0 
Retirement 19 16 
Freelance 0 0 

Pain medication (n), No:Yes 7:13 6:14 Chi2 1.000 
Smoking (n), No:Yes 15:2 16:2 Fisher 1.000 
Hypertension (n), No:Yes 9:8 12:6 Chi2 0.629 
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Hyperlipidemia (n), No:Yes 13:4 15:3 Fisher 0.691 
Hyperglycemia (n), No:Yes 15:2 16:2 Fisher 1.000 
Obesity (n), No:Yes 14:3 18:0 Fisher 0.104 
Cancer (n), No:Yes 16:1 17:1 Fisher 1.000 

Abbreviations: CG = control group; Chi2 = Chi-square; EG = experimental group; F = female; IQR = interquartile range; M = male; NRS = the Numeric Rating Scale; PASE = the Physical 
Activity Scale for the Elderly; SD = standard deviation; VO2 max = maximal oxygen consumption.  
a Body mass index was calculated as weight in kilogram divided by height in meters squared.  
* P<0.05.  
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Table 4–3 Effects on outcomes (Intention-to-treat, n = 35) 

Outcomes 

Values by Week, Mean (SE) 
Changes Within Groups, Mean 

(95% CI) 

Changes 
Between 

Groups, Mean 
(95% CI) 

P values 

EG_week0 CG_week0 EG_week8 CG_week8 EG CG EG-CG 
Interacti

on 
Time 

Aerobic capacity 

VO2 max (ml·kg-1·min-1)  18.50 (0.32) 20.08 (0.66) 18.56 (0.23) 18.44 (0.51) 
1.58 [-0.08 to 

3.24] (p=0.061) 
-0.11 [-1.18 to 

0.95] (p=0.833) 
1.64 [0.14 to 

3.15] (p=0.033) 
0.076 0.056 

Inspiratory muscle strength 

MIP (cmH2O·kg-1) 0.71 (0.02) 1.18 (0.05) 0.76 (0.02) 0.89 (0.04) 
0.47 [0.37 to 

0.58] (p<0.001) 
0.13 [0.03 to 

0.22] (p=0.009) 
0.30 [0.16 to 

0.43] (p<0.001) 
<0.001*** 

<0.001
*** 

Pain intensity          

NRS (0-10) a 5.75 (0.15) 3.08 (0.42) 5.61 (0.13) 3.78 (0.51) 
-2.67 [-3.60 to -
1.74] (p<0.001) 

-1.83 [-2.87 to -
0.80] (p=0.001) 

-0.69 [-1.99 to 
0.60] (p=0.289) 

0.232 
<0.001

*** 

WOMAC c          

Stiffness (0-8) 2.70 (0.20) 1.54 (0.42) 2.54 (0.20) 1.52 (0.34) 
-1.16 [-2.08 to -
0.23] (p=0.015) 

-1.03 [-1.76 to -
0.29] (p=0.007) 

0.02 [-1.08 to 
1.13] (p=0.965) 

0.825 0.012* 

Pain (0-20) 5.77 (0.26) 3.11 (0.82) 5.32 (0.29) 4.49 (0.74) 
-2.66 [-4.46 to -
0.86] (p=0.004) 

-0.83 [-2.23 to 
0.57] (p=0.242) 

-1.37 [-3.63 to 
0.89] (p=0.229) 

0.114 0.003** 

Disability (0-68) 17.59 (1.21) 9.70 (2.35) 17.54 (1.25) 11.54 (2.11) 
-7.89 [-13.25 to -
2.53] (p=0.005) 

-6.00 [-10.74 to 
-1.26] 

-1.84 [-8.12 to 
4.45] (p=0.561) 

0.599 0.003** 
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(p=0.014) 

SF-12 d          

PCS (0-100) 37.07 (0.76) 42.72 (2.57) 36.09 (0.56) 41.94 (2.01) 
5.64 [0.29 to 

10.99] (p=0.039) 
5.85 [1.81 to 

9.90] (p=0.005) 
0.77 [-5.75 to 7.3] 

(p=0.814) 
0.950 0.035* 

MCS (0-100) 50.87 (0.60) 55.6 (1.93) 51.57 (0.56) 52.02 (1.86) 
4.73 [0.63 to 

8.82] (p=0.024) 
0.45 [-3.27 to 

4.18] (p=0.809) 
3.59 [-1.77 to 

8.94] (p=0.185) 
0.123 0.021* 

Abbreviations: CG = control group; CI = confidence interval; EG = experimental group; MCS = mental component score; MIP = maximal inspiratory pressure; NRS = the 
Numeric Rating Scale; PCS = physical component score; SE = standard error; SF-12 = the 12-Item Short Form Health Survey; VO2 max = maximal oxygen consumption; 
WOMAC = the Western Ontario and McMaster Universities Osteoarthritis Index. 
a Measured by the Numeric Rating Scale (range, 0-10), higher scores indicate higher pain intensity. 
b OA-related knee function and quality of life were measured by the WOMAC (subscales: stiffness (0-8), pain (0-20), disability (0-68)), higher scores indicate worse status. 
c Health-related quality of life was measured by the SF-12 (0-100), higher scores indicate better status. 
* P<0.05. ** P<0.01. *** P<0.001. Comparison of VO2 max was adjusted for age, education, baseline values, and knee pain intensity following the 6-minute walk test, while 
comparisons of other variables were adjusted for age, education, and baseline value. 
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Table 4–4 Effects on outcomes (Per-protocol, n = 24) 

Outcomes 

Values by Week, Mean (SE) 
Changes Within Groups, Adjusted 

Mean [95% CI) 

Changes 
Between Groups, 
Adjusted Mean 

[95% CI) 

P values 

EG_week0 CG_week0 EG_week8 CG_week8 EG CG EG-CG 
Interacti

on 
Time 

Aerobic capacity          

VO2 max (ml·kg-1·min-1)  18.52 (0.43) 20.99 (0.63) 18.84 (0.33) 18.61 (0.62) 
2.46 [0.75 to 

4.18] (p=0.006) 
-0.23 [-1.64 to 

1.18] (p=0.742) 
2.38 [0.77 to 

3.98] (p=0.005) 
0.010* 0.004** 

Inspiratory muscle strength 

MIP (cmH2O·kg-1) 0.73 (0.02) 1.25 (0.04) 0.76 (0.02) 0.93 (0.06) 
0.52 [0.43 to 

0.60] (p<0.001) 
0.17 [0.05 to 

0.30] (p=0.008) 
0.31 [0.18 to 

0.45] (p<0.001) 
<0.001*** <0.001*

** 
Pain intensity          

NRS (0-10) a 5.85 (0.16) 2.85 (0.54) 5.69 (0.14) 3.66 (0.63) 
-3.00 [-4.20 to -
1.80] (p<0.001) 

-2.03 [-3.28 to -
0.77] (p=0.002) 

-0.81 [-2.46 to 
0.84] (p=0.326) 

0.265 
<0.001*

** 

WOMAC c          

Stiffness (0-8) 3.03 (0.23) 1.27 (0.44) 2.80 (0.25) 1.46 (0.44) 
-1.76 [-2.70 to -
0.82] (p<0.001) 

-1.34 [-2.32 to -
0.36] (p=0.008) 

-0.20 [-1.52 to 
1.13] (p=0.767) 

0.537 
<0.001*

** 

Pain (0-20) 5.87 (0.24) 3.04 (0.92) 5.63 (0.36) 4.74 (1.00) 
-2.83 [-4.86 to -
0.81] (p=0.007) 

-0.90 [-2.92 to 
1.12] (p=0.375) 

-1.70 [-4.48 to 
1.08] (p=0.224) 

0.181 0.005** 

Disability (0-68) 18.01 (1.25) 7.68 (2.35) 19.09 (1.78) 10.56 (2.73) 
-10.33 [-15.58 to -

5.07] (p<0.001) 
-8.53 [-15.08 to 
-1.97] (p=0.012) 

-2.88 [-10.23 to 
4.47] (p=0.433) 

0.667 
<0.001*

** 
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SF-12 d          

PCS (0-100) 36.90 (0.90) 46.34 (2.56) 36.53 (0.66) 43.08 (2.55) 
9.44 [3.80 to 

15.07] (p=0.002) 

6.56 [1.33 to 
11.78] 

(p=0.015) 

3.25 [-3.86 to 
10.37] (p=0.361) 

0.449 0.001** 

MCS (0-100) 51.80 (0.89) 55.97 (2.01) 51.64 (0.90) 52.72 (2.26) 
4.17 [-0.47 to 

8.81] (p=0.077) 
1.08 [-3.69 to 

5.86] (p=0.649) 
3.25 [-2.73 to 

9.23] (p=0.279) 
0.353 0.069 

Abbreviations: CG = control group; CI = confidence interval; EG = experimental group; MCS = mental component score; MIP = maximal inspiratory pressure; NRS = the 
Numeric Rating Scale; PCS = physical component score; SE = standard error; SF-12 = the 12-Item Short Form Health Survey; VO2 max = maximal oxygen consumption; 
WOMAC = the Western Ontario and McMaster Universities Osteoarthritis Index. 
a Measured by the Numeric Rating Scale (range, 0-10), higher scores indicate higher pain intensity. 
b OA-related knee function and quality of life were measured by the WOMAC (subscales: stiffness (0-8), pain (0-20), disability (0-68)), higher scores indicate worse status. 
c Health-related quality of life was measured by the SF-12 (0-100), higher scores indicate better status. 
* P<0.05. ** P<0.01. *** P<0.001. Comparison of VO2 max was adjusted for age, education, baseline values, and knee pain intensity following the 6-minute walk test, while 
comparisons of other variables were adjusted for age, education, and baseline value. 
 



 

 119 

Table 4–5 Adherence to exercise and adverse events  
Measure EG CG P value 
Compliance    

Dropout (n), No:Yes 17:3 14:6 0.500 
Exercise adherence    

Sessions attended (0-40), median (IQR) 40 (21, 40) 37 (25, 40) 0.170 

Attendance rate (%), median (IQR) 100% (52.5, 100) 92.5 (62.5, 100) 0.170 
Attendance rate>60% (n), No:Yes 5:12 2:12 0.400 

Adverse events 0.10 (0.31) 0.09 (0.43) 0.554 
Knee pain (n) 1 2 

- 
Hamstring muscle pain (n) 1 0 

Abbreviations: CG = control group; EG = experimental group; IQR = interquartile range. 
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Figure 4–3 CONSORT flowchart of Inspiratory Muscle Training study 

 

 

 

 

 

 

CONSORT 2010 Flow Diagram 

Study 

 

 

 

Assessed for eligibility (n=71) 

Excluded (n=31) 
¨   Not meeting inclusion criteria (n=7) 
¨   Declined to participate (n=24) 

Allocated to experimental group (n=20) 
¨ Received allocated intervention (n=17) 
¨ Did not receive allocated intervention (n=3) 

Allocated to control group (n=20) 
¨ Received allocated intervention (n=18) 
¨ Did not receive allocated intervention (n=2) 

Allocation 

Randomized (n=40) 

Enrollment 

Intention-to-treat analyses (n=17) 

Per protocol analyses (n=12) 
¨ Excluded from analysis due to attendance 
rate < 60% (n=5) 

Lost to follow-up (n=0) 

¨ Discontinued intervention (n=0) 

Lost to follow-up (n=4) 

¨ Discontinued intervention (n=4) 

Intention-to-treat analyses (n=18) 

Per protocol analyses (n=12) 
¨ Excluded from analysis due to attendance 
rate < 60% (n=2) 

 

Analysis 

8-week Follow-Up 
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Chapter 5 

Summary of the Project 
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Introduction 

This project was informed by two systematic reviews and meta-analyses that 

evaluated the potential impact of daily physical activity on physical fitness among 

older adults and the effects of aerobic exercise on patients with knee osteoarthritis 

(OA). The first study, titled “Association Between Objective Measurements of 

Daily Physical Activity Patterns and Physical Fitness in Older Adults: A Systematic 

Review and Meta-analysis” (submitted in 2024; major revision), found that greater 

intensity and duration of physical activity were associated with higher aerobic 

capacity among colder adults. This finding suggests that both engagement and 

intensity of physical activity are related to aerobic capacity. The second study, 

“Effect of Aerobic Exercise on Cardiopulmonary Fitness among People with Knee 

Osteoarthritis: A Systematic Review and Meta-analysis” (submitted in 2024; minor 

revision), demonstrated that weightbearing aerobic exercises can improve aerobic 

capacity in patients with mild knee OA, but with small effects and low attendance 

rates. The finding indicates that alternative exercise programmes are needed to 

improve aerobic capacity for knee OA, particularly when associated factors are 

identified. Building on these findings, this project aims to investigate the physical 

factors related to aerobic capacity among patients with different stages of knee OA, 

and to evaluate the feasibility and effectiveness of alternative exercise interventions 

designed to enhance aerobic capacity in these patients. To achieve these objectives, 

three interrelated studies were conducted. This chapter integrates the information 
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from these three studies.  

The Physical Factors Associated with Aerobic Capacity Are Specific to Disease 

Stage in Individuals with Knee Osteoarthritis 

There are several factors, such as reduced knee function, physical activity and 

respiratory function, that are associated with impaired aerobic capacity. The 

severity of the disease may also affect the relationship between these factors and 

aerobic capacity, as individuals in the severe stage are less likely to engage in 

physical activity. Therefore, it is hypothesized that patients may have reduced 

levels of aerobic capacity that worsen with advancing disease stage, and that knee 

function (including pain, stiffness, disability), physical activity, inspiratory muscle 

strength may influence aerobic capacity, potentially varying across stages of knee 

OA.  

A cross-sectional analysis was conducted to compare 80 older adults with 

different stages of knee OA to 33 healthy counterparts. Patients with knee OA were 

categorized into mild-to-moderate and severe stages based on the Kellgren and 

Lawrence grading system (KL = 2-3 for mild-to-moderate and KL = 4 for severe). 

Patients with knee OA exhibited reduced aerobic capacity, with a greater decline 

observed in the advanced stages. In the mild-to-moderate knee OA stage, increased 

stiffness and disability scores were associated with lower aerobic capacity, while 

higher physical activity score was associated with increased stiffness score. The 

pain score was not associated with aerobic capacity but was significantly related to 
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stiffness and disability scores. Mediation analysis suggested a trend that physical 

activity may indirectly influence the relationship between stiffness and aerobic 

capacity, as greater stiffness score was associated with higher physical activity 

score, which in turn was linked to increased aerobic capacity. In patients with 

severe knee OA, lower inspiratory muscle strength was associated with impaired 

aerobic capacity. 

The results supported the initial hypotheses. First, aerobic capacity decreased 

with advanced disease stage. While previous studies have reported that aerobic 

capacity is reduced compared to asymptomatic controls (Berry et al., 1996; Philbin 

et al., 1995; Ries et al., 1995; Sutbeyaz et al., 2007), no study have aimed to 

compare it across stages of knee OA. Such research is essential for clinical practice 

because therapeutic exercise for knee OA is likely to be improved by tailoring 

exercise protocols to different stages. Second, an inter-relationship among stiffness, 

physical activity and aerobic capacity observed in the mild-to-moderate stage, 

while a significant reduction of inspiratory muscle strength and its association with 

VO2 max were observed in the severe stage. These findings suggested that tailored 

exercise programmes aimed at improving aerobic capacity should be based on the 

severity of the disease. Therefore, it is critical to explore specific therapeutic 

exercises designed to improve aerobic capacity in accordance with the different 

stages of knee OA.  

Based on the findings above, two experimental trials were conducted to 
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explore the feasibility and effectiveness of tailoring therapeutic exercise 

according to the stages of knee OA.  

Feasibility and Effectiveness of Nordic Walking to Promote Aerobic Capacity in 

Patients with Mild-to-Moderate Knee Osteoarthritis: A Pilot Study 

The results of Study 1 (Chapter 2) suggest that alternative exercise 

interventions that can improve knee function and enhance physical activity may be 

beneficial for enhancing aerobic capacity in patients with mild-to-moderate knee 

OA. Nordic walking demonstrates the potential to improve knee function by 

providing extra support during walking, which may also encourage greater 

engagement in physical activity. Additionally, Nordic walking may enhance the 

intensity of physical activity by incorporating an extra work out of the upper body.   

In this study, thirty-seven patients with mild-to-moderate knee OA who received 

the allocation were included for the analyses. The experimental group showed a 

significant improvement in VO2 max from baseline to week 6, with an increase of 

2.35 ml·kg-1·min-1 (95% confidence interval [CI], 1.36 to 3.35; p<0.001) in those 

with low aerobic capacity at baseline (< 20 ml·kg-1·min-1). Knee pain intensity and 

knee function (i.e., pain, disability) also reduced in the experimental group as well 

(all p<0.05). No major adverse events were reported, and the high attendance rate 

along with a low dropout rate indicated that Nordic walking is a feasible exercise 

option for patients with mild-to-moderate knee OA to promote their aerobic 

capacity.  



 

 126 

In conclusion, Nordic walking is a feasible intervention for improving aerobic 

capacity, reducing knee pain, and enhancing knee function in patients with mild-to-

moderate knee OA. The lack of significant group differences suggests that future 

studies should consider evaluating the effects of Nordic walking on aerobic 

capacity with a longer duration of training and a larger sample size. 

Feasibility and Effectiveness of Inspiratory Muscle Training to Promote Aerobic 

Capacity in Patients with Severe Knee Osteoarthritis: A Pilot Study 

The observed relationship between lower inspiratory muscle strength and 

reduced aerobic capacity in patients with severe knee OA (see Chapter 2) suggests 

that inspiratory muscle training, which improves inspiratory muscle strength and 

endurance, may enhance aerobic capacity for these patients. This training is a type 

of breathing exercise that provides resistance during inhalation and do not engage 

the lower limbs. Therefore, it may serve as a valuable adjunct to conventional pre-

operation rehabilitation exercise programme for patients with severe knee OA who 

are preparing for total knee arthroplasty.  

This study had thirty-five participants who received the allocation and 

assessments. Per-protocol analysis showed that the experimental group had a 

significantly greater improvement in VO2 max, with an increase of 2.38 ml·kg-

1·min-1 (95% CI 0.77 to 3.98; p=0.005), compared to the control group among 

adherent participants (attendance rate > 60%). The experimental group also 

demonstrated significant improvements in knee pain intensity, knee function (i.e., 
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pain, stiffness, disability), and quality of life (all p<0.05). No major adverse events 

were reported, and the high attendance rate indicated that Nordic walking is a 

feasible exercise option for patients with severe knee OA to promote their aerobic 

capacity. However, a subset of individuals had low attendance rates for about 50%. 

In conclusion, inspiratory muscle training can enhance aerobic capacity for 

patients with severe knee OA who were waiting for total knee arthroplasty. Future 

studies should consider incorporating supervised or educational sessions to improve 

the adherence rates.  

Knowledge and insights generated from these studies 

The findings from the three inter-linked studies emphasize the importance of 

aerobic capacity in the clinical management of patients with knee OA. The studies 

underscore how the factors contributing to aerobic capacity vary across stages of 

knee OA, highlighting the need for tailored exercise interventions.  

The project demonstrates that, depending on the stage of knee OA, different 

elements must be prioritized in exercise regimens to improve aerobic capacity. For 

patients with mild-to-moderate knee OA, both increasing physical activity and knee 

function (i.e., pain, stiffness, disability), are essential. Exercise programmes should 

aim not only to boost physical activity but also to improve knee function. The 

experimental study introduces Nordic walking, which shows promise in this regard. 

This innovative intervention integrates the upper body into walking through the use 

of poles, redistributing joint load and reducing stress on the knees. The findings 
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suggest that Nordic walking can improve aerobic capacity while enhancing knee 

function. A longer duration of Nordic walking may bring greater aerobic benefits. 

For patients with severe knee OA, improving inspiratory muscle strength appears to 

be a key factor in enhancing aerobic capacity. The project introduced inspiratory 

muscle training as a novel intervention for this group. The findings indicate that 

inspiratory muscle training effectively improved aerobic capacity, reduced knee 

pain and improve knee function in patients with severe knee OA.  

Both Nordic walking and inspiratory muscle training represent innovative, 

tailored interventions for managing knee OA. The research supports their potential 

benefits for different knee OA populations: Nordic walking for mild-to-moderate 

knee OA and inspiratory muscle training for severe knee OA. Importantly, these 

interventions are backed by randomized controlled trial designs and pre-registered 

protocols, which lend credibility and reliability to the findings. The studies indicate 

that these interventions not only improve aerobic capacity but also enhance overall 

health performance, suggesting that they could be valuable additions to standard 

knee OA care protocols.  

The insights gained from these studies have significant implications for 

clinical practice. The findings highlight the importance of integrating regular 

aerobic capacity, physical activity, inspiratory muscle strength assessments into the 

care plans for patients with knee OA. Tailoring exercise interventions to the stage 

of knee OA could improve the effectiveness and feasibility of exercise regimens for 
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these patients. For those with mild-to-moderate knee OA patients, incorporating 

Nordic walking into routine care could help maintain or improve aerobic capacity 

without exacerbating knee symptoms. For patients with severe knee OA, 

inspiratory muscle training offers a targeted approach to enhance inspiratory 

muscle strength, which is often impaired in this group, thereby improving their 

aerobic capacity. 

By adopting these tailored interventions, clinicians can more effectively 

manage the physical health of patients with knee OA, contributing to improved 

long-term outcomes. The focus on aerobic capacity is particularly important, as 

better cardiorespiratory fitness is linked to reduced risks of morbidity and mortality 

in the general population. Moreover, increasing aerobic capacity in knee OA 

patients may help prevent further decline in physical function, thereby enhancing 

their functional independence and quality of life. 

In summary, this project highlights the importance of enhancing aerobic 

capacity for patients with knee OA. It identifies factors related to aerobic capacity 

that vary across stages of knee OA and proposes the innovative interventions, such 

as Nordic walking and inspiratory muscle training, to improve aerobic capacity at 

different stages of knee OA. The positive effects of these interventions on aerobic 

capacity and overall health outcomes suggest that they could become essential 

components of standard knee OA management. The findings also emphasize the 

need for clinicians to adopt more individualized exercise programmes and to 
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incorporate regular assessments of aerobic capacity, physical activity, inspiratory 

muscle strength in the clinical management of knee OA patients. These approaches 

can not only enhance patient outcomes but also mitigate the progression of 

comorbid conditions associated with physical inactivity. 

Four key findings are given below. 

(1) Older adults with knee OA exhibited impaired aerobic capacity, which 

worsened with advanced stages. 

(2) Increased stiffness and disability were associated with aerobic capacity, while 

higher physical activity was linked to increased stiffness in the mild-to-moderate 

stage. 

(3) Reduced inspiratory muscle strength was associated with impaired aerobic 

capacity in the severe stage. 

(5) Nordic walking was feasible and effective in enhancing aerobic capacity, 

reducing knee pain, and improving knee function for patients with mild-to-

moderate knee OA. 

(6) Inspiratory muscle training was feasible and effective in enhancing aerobic 

capacity, reducing knee pain, and improving knee function and quality of life for 

patients awaiting total knee arthroplasty. 

Limitations 

This project has limitations. 

First, the cross-sectional study did not collect data on symptom duration. Since 
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both the severity of knee OA and aerobic capacity progressively change over time, 

symptom duration is likely an important cofounding factor in their relationship. A 

recent study has shown that individuals with a shorter symptom durations tend to 

respond more favorably to exercise interventions, demonstrating greater 

improvements in pain relief and physical function (van Middelkoop et al., 2024). 

Although this study could not directly assess the impact of symptom duration, all 

participants met similar inclusion criteria and had been diagnosed with knee OA for 

at least six months, with comparable baseline characteristics between groups. 

Therefore, the potential influence of symptom duration on the findings may be 

limited. Future research should include symptom duration to better understand its 

role in aerobic capacity and to refine exercise intervention strategies. 

Second, the findings are derived from two pilot studies, which by nature 

involve relatively small sample sizes and are primarily designed to assess 

feasibility rather than to draw definitive conclusions (Eldridge et al., 2016). 

Although the randomized controlled trial provides valuable preliminary insights 

into the potential effects of the interventions, the small number of participants 

reduces the statistical power of the study and increases the risk of Type II error, 

where meaningful effects may go undetected, especially for clinical study 1. 

Consequently, the results should be interpreted with caution, as they may not 

accurately reflect the true effects in a larger, more diverse population. The limited 

sample size also restricts the generalizability of the findings, particularly to broader 
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clinical settings or different subgroups within the knee OA population, such as 

those with varying severity levels, comorbidities, or activity levels. Future larger-

scale studies with adequately powered sample sizes are essential to confirm these 

findings and better inform clinical recommendations. 

Furthermore, in the pilot studies, data on other therapies used by participants 

during the programmes were not collected. In the current studies, participants’ 

general health status and pain medication use were recorded to help control for 

potential confounding effects, and these factors were comparable between the two 

groups. However, recommended therapies such as wedge insoles, topical 

nonsteroidal antiinflammatory drugs, or other forms of exercise may have been 

used concurrently by the participants (Kolasinski et al., 2020). These therapies 

could reduce pain and improve knee function, which may potentially affect the 

prescribed interventions. For instance, the use of wedge insoles may enhance the 

outcomes related to Nordic walking by improving joint alignment. Therefore, 

future research should consider collecting detailed information on any additional 

therapies used during the study period to better isolate and understand the effects of 

the primary intervention.  

Additionally, lack of adherence to an exercise intervention is a major 

challenge when evaluating its effectiveness. In the current pilot studies, a 

significant number of participants failing to meet the required attendance rate of 

≥60% for the clinical experiment 2, which could potentially affect the evaluation of 
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the training programme’s effectiveness (Gill & McBurney, 2013). Several reasons 

may contribute to the low adherence in the inspiratory muscle training study, in 

addition to the personal reason reported by participants. First, inspiratory muscle 

training is a breathing exercise that may seem unrelated to knee joint. Participants 

may not believe in the benefits of breathing exercise for knee-related problems, 

which could lower their motivation to engage in the exercise. Second, participants 

performed the exercise at home after one familiar session, which may not have 

been sufficient for them to perform the exercise confidently; therefore, it may have 

discouraged their motivation to engage in the training. Third, if patients expect 

immediate results and do not see quick improvements, they may become 

discouraged and drop out. Unlike some other forms of exercise, the benefits of 

inspiratory muscle training may not be immediately apparent, which can affect 

motivation. Collectively, these factors may need to be considered in future studies. 

Last, the 6-minute walk test is a practical and widely used method for 

assessing aerobic capacity and functional mobility in clinical settings, serving as an 

alternative to the gold standard measurement method (i.e., the cardiopulmonary 

exercise testing). However, there are several limitations to the 6-minute walk test. 

First, the 6-minute walk test is a submaximal exercise test, meaning it does not 

push participants to their maximum effort. As a result, it may not fully capture the 

peak aerobic capacity or cardiovascular fitness of individuals, particularly those 

who are highly trained or have high fitness levels. Second, while the 6-minute walk 
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test provides valuable information about functional capacity and endurance, it 

offers limited diagnostic information about specific cardiovascular, pulmonary, or 

musculoskeletal conditions. It does not provide detailed insights into the underlying 

physiological mechanisms affecting performance. Third, the performance on the 6-

minute walk test can be significantly affected by the patient's motivation and effort. 

Variability in effort levels among participants can lead to inconsistent results and 

may not accurately reflect true functional capacity. Additionally, the 6-minute walk 

test may not be suitable for all patients, particularly those with severe mobility 

impairments, balance issues, or other conditions that prevent them from walking 

safely. This limitation can lower the precision and validity of the measurement in 

certain clinical settings. Future research should consider using cardiopulmonary 

exercise testing, which could provide a direct and accurate measurement of aerobic 

capacity. 

Suggestions for future studies 

To follow on this project, the following studies are suggested. 

(1) A longitudinal study examining physical factors related to aerobic capacity 

in patients with knee OA. 

Our findings from the cross-sectional study indicate that patients with knee 

OA exhibit reduced aerobic capacity, which is associated with physical activity, 

knee function, and respiratory function. While cross-sectional studies provide 

valuable insights, they cannot establish causality. To better understand the temporal 
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relationship and potential causal pathways, a longitudinal study is warranted, 

considering potential factors such as symptom duration. 

(2) A randomized controlled trial to examine the effectiveness of Nordic 

walking compared with normal walking in patients with knee OA. 

Our findings indicate that Nordic walking is both feasible and effective in 

improving aerobic capacity. Although no significant difference was observed 

compared to the control group, future research should consider using a larger 

sample size and a longer intervention duration. For patients with severe knee OA, 

incorporating Nordic poles into their daily walking routines along with digital 

sensor monitoring daily physical activity may help promote greater engagement in 

physical activity. Based on these findings, a sample size of 158 is required to yield 

a power of 0.8.  

(3) A randomized controlled trial to examine the effectiveness of inspiratory 

muscle training compared with sham inspiratory muscle training or other 

effective exercise modalities, or combined interventions in patients with 

knee OA. 

Our findings indicate that inspiratory muscle training is feasible and effective 

in improving aerobic capacity in patients awaiting total knee arthroplasty. Future 

studies should consider comparing the effects of inspiratory muscle training with 

sham inspiratory muscle training, other effective exercise modalities, or exploring 

the impact of combined interventions. Additionally, the study exclusively recruited 
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patients awaiting total knee arthroplasty, which limits the generalizability of the 

findings to those with milder conditions. Therefore, a randomized controlled trial 

should be conducted in patients with knee OA. Such study would rigorously and 

precisely evaluate the efficacy of inspiratory muscle training in this population. 

Based on the findings, a sample size of 30 is required to yield a power of 0.8.  

(4) A randomized controlled trial to examine the sustainability and 

physiological impact of Nordic walking and inspiratory muscle training. 

These two pilot studies did not evaluate the sustainability of the interventions. 

Understanding whether the benefits of the interventions are maintained over time is 

crucial for determining their long-term value and practical relevance. Future 

research should consider evaluating changes in outcomes at follow-up time points, 

such as 3, 6, or 12 months post-intervention, to assess whether improvements in 

aerobic capacity and overall health outcomes are sustained. This is especially 

important for older adults with knee OA, as sustained behavioral change and 

engagement in physical activity are critical to delaying disease progression and 

preserving independence. Moreover, assessing long-term effects can help identify 

whether additional booster sessions, ongoing support, or behavioral strategies are 

needed to maintain adherence and maximize the impact of intervention. Without 

such data, it remains unclear whether short-term improvements translate into 

lasting health benefits. 

Additionally, incorporating more advanced physiological parameters could 
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provide a deeper understanding of the impacts of Nordic walking and inspiratory 

muscle training. For example: (1) Cardiopulmonary exercise testing could be used 

to directly assess improvements in oxygen delivery and utilization through the 

maximum exercise testing; (2) Near-infrared spectroscopy could measure muscle 

oxygenation and blood flow during exercise to evaluate changes in muscle 

endurance capacity; (3) Lactate threshold assessment could help determine changes 

in metabolic efficiency and aerobic endurance; (4) Heart rate variability analysis 

could offer insights into autonomic nervous system adaptations and recovery. 

Including these measures would significantly strengthen the clinical relevance of 

future studies by elucidating the underlying mechanisms through which these 

interventions benefit cardiovascular and muscular health. Ultimately, this could 

lead to more targeted and effective exercise prescriptions for individuals with 

varying health profiles. 
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Chapter 6 

Conclusions 
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Conclusions from the thesis  

This project identified the physical factors related to aerobic capacity and the 

tailored intervention aimed to improve aerobic capacity among individuals with 

different stages of knee osteoarthritis (OA): (1) levels of aerobic capacity got worse 

with advancing stages of knee OA compared to healthy control; (2) increased 

stiffness and disability was linked to reduced aerobic capacity and a trend that 

higher stiffness was associated with higher physical activity level which in turn was 

linked to higher aerobic capacity in mild-to-moderate stage; (3) reduced inspiratory 

muscle strength was associated with reduced aerobic capacity in severe stage; (4) 

feasibility and effectiveness of alternative exercise modalities tailoring with 

different stages that aimed to improve aerobic capacity were evaluated. This project 

emphasized the potential impact of knee function, physical activity on aerobic 

capacity in mild-to-moderate stage, and the impact of inspiratory muscle strength 

on aerobic capacity in severe stage. Moreover, the findings from the present project 

can provide evidence for the clinical and research practice of Nordic walking and 

inspiratory muscle training in future application in enhancing aerobic capacity and 

maintaining good overall health for community older adults with knee OA.  

Innovation of the project 

This project introduced novel insights into intervention strategies for knee OA 

by exploring the potential contributing factors to maximal oxygen consumption 

(VO2 max) across different stages of knee OA and developing stage-specific 
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exercise interventions aimed at enhancing aerobic capacity. The key innovation lies 

in recognizing that patients at various stages of knee OA experience distinct 

symptoms, which can significantly influence their response to physical activity. 

While physical activity may influence the relationship between knee function and 

aerobic capacity in mild-to-moderate stage, a direct relationship was observed 

between inspiratory muscle strength and aerobic capacity in severe stage. 

Based on these findings, two new exercise modalities were investigated: 

Nordic walking for patients with mild-to-moderate knee OA and inspiratory muscle 

training for those with severe knee OA. These interventions are innovative because 

they tailor aerobic capacity improvement to the patient's functional limitations and 

symptom severity. By adapting exercise regimens to individual needs, this project 

offers a more personalized, therapeutic approach to managing knee OA, leading to 

better outcomes in aerobic capacity and overall physical health. This targeted, 

stage-specific exercise strategy marks a significant step forward in optimizing 

treatment for knee OA patients, addressing their unique challenges at different 

stages of disease. 

Strength and Implication of the project 

Scientific impact 

This project makes several important contributions to the body of research on 

knee OA and aerobic capacity:  

(1) A big concern of aerobic capacity: it highlights that it is critical to enhance 
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aerobic capacity for patients with knee OA. 

(2) Contributing factors for aerobic capacity: it implies that contributing 

factors vary across stage of knee OA and indicates the need for stage-specific 

exercise regimens to improving aerobic capacity and managing knee OA. 

(3) Effectiveness of Nordic walking: The findings show that Nordic walking 

improve aerobic capacity, reduce knee pain, and improve knee function among 

patients with mild-to-moderate knee OA. This innovative exercise intervention 

provides a new, less strenuous option for enhancing aerobic capacity while 

managing knee symptoms.  

(4) Effectiveness of inspiratory muscle training: The project introduces 

inspiratory muscle training as a promising exercise modality for knee OA patients 

waiting for arthroplasty surgery. Inspiratory muscle training improves aerobic 

capacity by targeting inspiratory muscle strength, an area often overlooked in OA 

management. This suggests a novel approach for enhancing exercise tolerance in 

patients who face significant physical limitations.  

Clinical impact 

The clinical implications of this project are substantial, as the findings offer 

new evidence to support the development of tailored exercise interventions for knee 

OA patients: 

(1) Rationale for future clinical studies: The results provide a strong 

foundation for future clinical trials to further investigate the benefits of therapeutic 
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exercises in maintaining and improving the overall health of community-dwelling 

older adults with knee OA. The project adds to the growing evidence that aerobic 

capacity is a key target for therapeutic interventions in this population. 

(2) Guidance for healthcare providers: The insights gained from this research 

can support first-line healthcare providers in developing comprehensive 

management strategies for knee OA patients. By tailoring interventions such as 

Nordic walking and inspiratory muscle training to specific stages of knee OA, 

clinicians can enhance patients’ physical health and promote sustained engagement 

in regular exercise. This, in turn, may help prevent further functional decline and 

reduce health risk of comorbid conditions. 
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Appendix II. Information Sheet of Study 1 

The Hong Kong Polytechnic University 
Department of Rehabilitation Sciences 

Information Sheet 

Project title: An investigation into aerobic capacity and its associations with physical performance in 
community elders with or without knee osteoarthritis 
Investigators: 
Ms. Susan Su, PhD Candidate, Department of Rehabilitation Sciences (RS), The Hong Kong Polytechnic 
University 
Dr. Shirley Ngai (Chief supervisor), Associate Professor, RS, The Hong Kong Polytechnic University 
Prof. Amy Fu (Co-supervisor), Professor, RS, The Hong Kong Polytechnic University 

Project Information: 

Background 
Knee osteoarthritis (KOA) is an age-related disease that caused pain and disability, leading to physically inactive 
lifestyle in older population. Such lifestyle may hasten the decline of aerobic capacity in elders with KOA, 
predisposing them in the deterioration of physical performance. The aim of this study is to determine aerobic 
capacity and the association with physical activity level, functional capacity, pulmonary function, and physical 
performance in community elders with and without KOA to examine the extent to which the changes induced by 
KOA. 

Study procedures: 
The study will involve completing questionnaires of physical activity level and health related quality of life. 
Participant will conduct ergometric cycling test, walk test, pulmonary function test, muscle strength, chair stand 
test and balance test. The whole investigation will complete in one session which takes about 2.5 hours. 

Confidentiality: 
All information related to you will remain confidential and will be identifiable by codes only known to the 
researcher. You have every right to withdraw from the study before or during the measurement without penalty 
of any kind.  

Benefits of the study: 
It is hoped that this information will help to understand the knee osteoarthritis in order to develop better treatments 
for it.  

Potential risk of the study: 
All assessments are commonly used clinical tests with minimal risks. If you have any uncomfortable feeling about 
the question or the test, you can tell the investigator at any time. 
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香港理工大學康復治療科學系 

科研內容說明書 

科研題目：對比是否患有膝關節炎的長者中的心肺功能及其與運動功能的關係 

科研人員： 

蘇珊女士，博士生，香港理工大學，康復科學系 

導師： 

魏佩菁博士（主導師），副教授，香港理工大學，康復科學系 

符少娥教授（副導師），教授，香港理工大學，康復科學系 

科研內容： 

膝關節炎是一種與年齡相關的疾病，可以導致疼痛和殘疾，阻礙老年人的活動水平。這樣久坐不動的生

活習慣也許導致心肺功能下降，從而引起身體運動功能的進一步惡化。本研究目的是調研患有膝關節炎

長者中心肺功能水平及其與活動水平及運動功能的關係，並與健康長者進行比較，以探究膝關節炎對心

肺功能的影響程度。 

參與者需要完成關於活動水平的問卷及健康相關的生活質量的評估問卷。此外，參與者需要進行功率自

行車測試，步行測試，肌力測試，肺功能測試，坐站測試，平衡測試。參與者一次性完成以上測試，耗

時共約 2.5 小時。 

保密性： 

所有與您有關的資訊都將保密。您的身份只能被從事這個項目的研究人員辨認。在整個研究過程中，您

有權隨時退出研究而無需提供任何理由。您的退出不會導致任何對您的懲罰或偏見。 

對項目參與人仕和社會的益處： 

本研究可以加深對膝關節炎的認識，並有助於發展更好的治療方法 

潛在危險性： 

所有評估測試都是常用的風險最小的臨床測試。如果您不想回答某些令您不適的問題，您有權將其留

空。如果本研究中使用的任何材料令您感到不適，請立即告知研究人員。 
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Appendix III. Consent Form of Study 1 

The Hong Kong Polytechnic University 
Department of Rehabilitation Sciences  

Consent Form 

Project title: An investigation into aerobic capacity and its associations with physical 
performance in community elders with or without knee osteoarthritis 

I, _______________________, voluntarily consent to take part in the above named study. The 

procedure as set out in the attached information sheet has been fully explained.  

I understand the benefit and risks involved.  I understand that I can withdraw from this study at 

any time without giving reasons, and my withdrawal will not lead to any punishment or prejudice 

against me.   

I understand and agree that information obtained from this research may be used in future 

research and published. However, my right to privacy will be retained, i.e. my personal 

information will not be disclosed to people who are not related to this study and my name or 

photograph will not appear on any publications resulted from this study. 

I can contact the chief investigator Ms. SU Shan at telephone 6998     or the supervisor Dr. 

Shirley Ngai at telephone 2766 4801 for any questions about this study.  If I have complaints 

related to the investigator(s), I can contact Ms. Vangie Chung, secretary of Departmental 

Research Committee, at 2766 4329.  I know I will be given a signed copy of this consent form. 

Name  Signature                Date 

Participant             ____________          ______________          ____________ 

Investigator ____________          ______________          ____________ 

Witness  ____________          ______________          ____________
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香港理工大學康復治療科學系 

科研同意書 

科研題目：對比是否患有膝關節炎的長者中的心肺功能及其與運動功能的關係 

本人___________________同意參加此研究。研究人員已向本人清楚解釋說明書中列出的研究

程序。 

本人明瞭研究當中涉及的利益及風險。本人知悉有權提出關於這項研究的任何疑問，並有權

在任何時候、無任何原因放棄參與此次研究，而此舉不會導致任何懲罰。

本人知悉並同意此研究所得的資料可能被用作日後的研究及發表，但本人的私隱權利將得以

保留，即本人的個人資料不會被公開，例如名字和照片不會出現在任何研究刊物中。 

本人知悉，就此研究的任何疑問可以聯繫此研究主要負責人，蘇珊女士（電話：

6998        ），或指導老師魏佩菁博士（電話：2766 4801）。如果對研究負責人有任何投訴，

可以與香港理工大學康復科學系人類倫理小組委員會秘書鐘女士聯繫（電話：2766 4329）。 

本人知悉會給我一份知情同意書。 

姓名 簽字 日期

參與者              ____________          ______________          ____________ 

研究員 ____________          ______________          ____________ 

見證人        ____________          ______________          ____________ 
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Appendix IV. Ethical Approval of Study 2 and Study 3 

To Fu Siu Ngor (Department of Rehabilitation Sciences)

From Pang Marco Yiu Chung, Chair, PolyU Institutional Review Board

Email marco.pang@ Date 20-Dec-2023

Application for Ethical Review for Teaching/Research Involving Human Subjects

I write to inform you that approval has been given to your application for human subjects ethics review
of the following project for a period from 01-Sep-2023 to 31-Aug-2026:

Project Title: Effect of Nordic Walking and Inspiratory Muscle Training
to Promote Cardiopulmonary Function in Patients with
Knee Osteoarthritis

Department: Department of Rehabilitation Sciences

Principal Investigator: Fu Siu Ngor

Project Start Date: 01-Sep-2023

Project type: Human subjects (clinical)

Review type: Expedited Review

Reference Number: HSEARS20230703001

You will be held responsible for the ethical approval granted for the project and the ethical conduct of
the personnel involved in the project.  In case the Co-PI, if any, has also obtained ethical approval for
the project, the Co-PI will also assume the responsibility in respect of the ethical approval (in relation to
the areas of expertise of respective Co-PI in accordance with the stipulations given by the approving
authority).

You are responsible for informing the PolyU Institutional Review Board in advance of any changes in
the proposal or procedures which may affect the validity of this ethical approval.

Pang Marco Yiu Chung

Chair

PolyU Institutional Review Board

Page 1 of 1
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Appendix V. Information Sheets of Study 2 and Study 3 

The Hong Kong Polytechnic University 
Department of Rehabilitation Sciences 

Information Sheet_1 

Project title: Effect of Nordic Walking to Promote Cardiopulmonary Health in Patients with Knee 
Osteoarthritis 

Investigators:  
Ms. Su Shan, Ph.D. Candidate, Department of Rehabilitation Sciences (RS), The Hong Kong Polytechnic 
University 

Dr. Clare Yu, Assistant Professor, RS, The Hong Kong Polytechnic University 
Dr. Keith Wan, Associate Consultant, Department of Orthopaedics and Traumatology, Kwong Wah Hospital 

Dr. Amy Fu, Professor, RS, The Hong Kong Polytechnic University 

Project Information:  
The objective of this study is to evaluate the effect of Nordic walking on enhancing cardiopulmonary health 

in patients with knee osteoarthritis (OA). 

Patients with knee OA have difficulty in physical activities because of the pain limitation, which hastens the 
decline of cardiopulmonary health in patients diagnosed with knee OA, predisposing them in the increased 

risk in cardiovascular disease and mortality. Inversely, when cardiopulmonary function declines 
substantially, even the basic physical task would over-load the cardiopulmonary system and muscle 

function, and the ability to complete the physical task would be limited, forming a vicious cycle. So that, it 
is important to improve cardiopulmonary health in patients with knee OA. 

Nordic walking is a new form of aerobic exercise that involves of whole body. It utilizes two specially 

designed walking sticks that are swung vigorously by both hands, engaging the walking to enhance the 
coordinated movement of the arms and legs. By using walking sticks, dual-stick walking can help alleviate 

joint stress, thereby reducing knee pain. Additionally, the whole-body exercise promotes general energy 
metabolism and improves lower limb muscle strength. These improvements, in turn, contribute to enhancing 

the cardiopulmonary health of patients with knee osteoarthritis. 

Study procedures: 
Knee OA patients are recruited. They are randomly allocated into Experimental group (Nordic walking plus 

routine management) or Control group (Routine management).  

1. Experimental group:
The training will be conducted in group modality (5 participants). It will take three times a week and 6

weeks in total. Investigator will coordinate with the participants to take the Nordic walking at the place
at/near Hong Kong Polytechnic University, such as park, walking trails, or sport fields. They are

instructed to perform the exercise (60-min Nordic walking). During the exercise, the heart rate belt and
activity monitor are worn to record the body conditions.

2. Control group:

The participants will be instructed to follow their regular management and maintain their usual activity
for the first 6 weeks of the program. After the initial 6-week period, we will then arrange for the control

group participants to undergo the Nordic walking training for a duration of 4 weeks.

Assessments: 
Participants are invited to undergo 2 assessments, including baseline assessment, post-intervention 

assessment in the laboratory. These assessments encompass various measurements, including 
cardiopulmonary function, pulmonary function, quadriceps function, and questionnaires (i.e., dyspnea, 
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fatigue, physical activity level, sleep quality, knee-related scores, and quality of life). In terms of 
cardiopulmonary function, they will receive a pack of tests, including the six-minute walk test, handgrip 
strength test, chair-stand test, timed up-and-go test. For pulmonary function, they will receive spirometry, 
inspiratory muscle strength and endurance test. The entire investigation is expected to take approximately 
1.5 hours. In addition, participants are asked to wear an Actigraph on their wrist on consecutive 3 days to 
objectively record their physical activity after the measurements in the laboratory. 

Benefits of the study: 
This project will help evaluate the health status and figure out the modality to promote cardiopulmonary 
health in patients with knee osteoarthritis. 

Potential risks of the study: 
All assessments and interventions are commonly used clinical tests and interventions with minimal risks. 
Participants may experience symptoms such as muscle soreness and/or knee pain, hypoglycemia and 
dizziness during the assessments, during the exercise, or afterwards. It is also expected that blood pressure 
will increase during exercise. Our team will control the order of the tests and provide sufficient safety 
guidance for exercise training. If any discomfort arises, the assessment tests or exercise will be immediately 
paused, and participants will be instructed to rest and be observed to ensure their safety during the testing or 
exercise session. We will take appropriate measures promptly to address any unexpected accidents. The 
Principal Investigator/Chief Investigator is required to report any Serious Adverse Event (SAE) related to 
the study to the PolyU IRB within 48 hours of becoming aware of the event. 

If you do not want to answer question that makes you uncomfortable, you have the right to refuse and 
inform the researcher. 

Publishing research findings: 
The research findings from this project will be published in journal papers and presented at academic 
conferences. They will also be utilized for teaching demonstrations and explanations.  

Confidentiality: 
All personal data related to you will be kept confidential, and all information will be identified only by 
codes known to the researchers (anonymous data). We will minimize the use of personal data as much as 
possible in the study. The research project will have access to personal and research data for study purposes. 
Responsible members of the Hong Kong Polytechnic University may be granted permission to monitor 
and/or review the research. The data collected in this project will be retained until 5 years after the public 
release of the research findings, after which it will be destroyed. the Hong Kong Polytechnic University will 
take reasonable precautions to prevent the loss, misuse, or destruction of the data you provide. 

You have every right to withdraw from the study before or during the measurement without penalty of any 
kind. 

If you have any questions or would like to obtain more information about this research, please feel free to 
inquire with our research personnel or contact Ms. Susan Su at the following telephone number: 5513       . 
If you have any complaints regarding the conduct of this study, you can submit a written complaint to the 
Secretary of the Hong Kong Polytechnic University Institutional Review Board 
(institutional.review.board@polyu.edu.hk), specifying the principal investigator of the research project and 
the HSESC reference number. 

Thank you for the interest in participating in this study!
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香港理工大學康復治療科學系 

科研計劃說明書 

科研題目：雙杖健步行訓練對患有膝關節炎人群提升心肺健康的研究計劃 

科研人員： 

蘇珊女士 - 香港理工大學康復治療科學系博士生 

余頌華博士 - 香港理工大學康復治療科學系助理教授 

尹希文醫生 - 廣華醫院骨科協會顧問 

符少娥博士 - 教授，香港理工大學康復治療科學系教授 

科研內容： 

本研究目的為評估雙杖健步行訓練對提升膝骨關節炎患者心肺功能健康的效果。 

由於疼痛的限制，大部分退化性膝關節炎患者缺少身體活動，會損害心肺健康，增加心血管疾病和死亡的

風險。反過來，受損的心肺功能將會引起心肺系統和肌肉功能的負擔加重，從而進一步限制他們身體活動

的能力，導致惡性循環。因此，增強膝關節炎患者的心肺功能非常重要。 

雙杖健步行，也稱為北歐式健步行（Nordic Walking），是一種新型的全身帶氧運動。它利用兩支特製

的健走杖，透過雙手大幅擺動，參與步行動作，從而提升手臂和腳步的協同前進。通過使用步行杖，雙杖

健步行可以幫助減輕關節負擔，從而減輕膝關節疼痛，加上全身的運動更進一步促進全身能量代謝以及下

肢肌肉的力量提升。這些改善均有助於增強膝關節炎患者的心肺功能健康。 

實驗過程： 

研究計劃招募對象為退化性膝骨關節炎患者。他們隨機分配到實驗組（雙杖健步行加常規治療）或對照組

（常規治療）。 

（一）實驗組：

訓練會以小組（5位參與者為一班）形式進行，每週三次，為期共六個星期。研究人員會先與

參加者計劃好在理工大學或者附近適合做雙杖健步行的場地（例如公國、步行徑、運動場等），

並給予運動指引「每次60分鐘的雙杖健步行鍛練」。期間需要配帶活動和心跳記錄手帶，記錄

運動情況。

（二）對照組：

對照組的參加者在計劃開始頭六個星期只需按照常規治療，維持平日生活模式便可。在計劃

開始六個星期後，我們便會安排對照組的參與者進行與實驗組相同的雙杖健步行鍛練，維期

四個星期。

評估時間和內容： 
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參加者會被邀請前往理工大學實驗室進行兩次評估，分別會在計劃開始前、計劃開始後第六週。評估內容

包括心肺功能、肺功能測試、股四頭肌功能、問卷（包括呼吸困難程度，疲勞水平，體力活動水平、睡眠

質量、膝關節相關評分和生活質量調查）。參加者將接受一系列測試來評估心肺功能，包括六分鐘步行測

試、握力測試、椅子站立測試、定時起身測試。整個評估預計約需 1.5 小時完成。另外，參與者需要配戴

3 日的活動記錄手環，以客觀的記錄 3 天身體活動水平。 

對項目參與人仕和社會的益處： 

本研究為膝關節炎患者進行評估，並針對膝關節炎患者，提出促進心肺健康的有效干預方法。 

潛在危險性： 

所有評估測試和運動建議都是常用的臨床測試和運動建議，風險很小。參與者在進行身體功能評估的過程

中、在運動期間或運動後可能會有肌肉酸痛、膝痛、低血糖、頭暈等徵狀，而在運動期間血壓亦會預期升

高。我們的工作團隊會嚴格控制測試的秩序，並對運動訓練提供足夠的安全指引。如有身體不適，評估測

試或運動將會立即暫停，囑參與者休息並作觀察，確保参与者在安全的環境下進行測試或運動訓練。我們

會在運動過程中及運動後嚴密監測參加者的血壓、用手環型血氧測量儀在整個過程中量度脈搏和血氧飽和

度，以監測參加者的身體情況。我們將立即採取適當措施處理任何意外事故。首席研究员须在得知與研究

有關的嚴重的不良事件后 48 小时内向理大伦理审查委员会报告。 

如果您不想回答某些令您不適的問題，您有權將其留空並請隨時告知研究人員。 

發佈研究結果： 

本計劃的研究成果將會於期刊論文、學術會議上發表，亦會用作教學演示解釋。 

個人資料的處理： 

凡有關閣下的個人數據資料將會保密，一切資料只能通過研究人員已知的代碼來識別（匿名數據）。我們

將在研究中盡可能減少對個人數據的使用。本研究計劃將可以審視個人數據和研究數據以進行研究。香港

理工大學的負責成員可以被授予監視和/或審核研究的權限。本計劃收集到的資料將一直保存至研究結果

公開發布後的 5 年，其後便會銷毀。香港理工大學會採取合理的預防措施，以防止您所提供的資料丟失、

被盜用或被破壞。 

所有參加者皆享有充分的權利在研究開始前或後決定退出這項研究，更不會因此引致任何懲罰。 

如閣下有任何疑問或想獲得更多有關這項研究的資料，請隨時向我們的研究人員查詢,或請與苏珊女士聯絡

(電話 6998         ) 。如果您對本研究的進行有任何投訴，可以書面形式聯繫香港理工大學機構審查委員會

秘書（institutional.review.board@polyu.edu.hk），明確說明研究計劃負責人和 HSESC 參考編號。 謝

謝閣下有興趣參與這項研究。 
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The Hong Kong Polytechnic University 
Department of Rehabilitation Sciences 

Information Sheet_2 

Project title: Effect of Inspiratory Muscle Training to Promote Cardiopulmonary Health in Patients with End-

stage Knee Osteoarthritis 

Investigators:  
Ms. Su Shan, Ph.D. Candidate, Department of Rehabilitation Sciences (RS), The Hong Kong Polytechnic 
University 
Dr. Clare Yu, Associate Professor, RS, The Hong Kong Polytechnic University 
Dr. Keith Wan, Associate Consultant, Department of Orthopaedics and Traumatology, Kwong Wah Hospital 
Dr. Amy Fu, Professor, RS, The Hong Kong Polytechnic University 

Project Information: 
The objective of this study is to evaluate the effect of IMT on enhancing cardiopulmonary health in patients 
with end-stage knee OA.  

Patients with knee OA have difficulty in physical activities because of the pain limitation, which hastens the 
decline of cardiopulmonary health in patients diagnosed with knee OA, predisposing them in the increased risk 
in cardiovascular disease and mortality. In addition, due to the increasing waiting time for surgery (about 4-5 
years) and severe knee pain limitations, the cardiorespiratory health of preoperative patients would be more 
seriously impaired, thereby increasing the health risk pre/post operation. So that, it is important to improve 
cardiopulmonary health in patients with end-stage knee OA. 

Inspiratory muscle training (IMT) is a type of exercise that provides resistance during the inhalation phase. IMT 
is effective in enhancing both the strength and endurance of the inspiratory muscles. This, in turn, leads to 
improvements in pulmonary function, and a reduction in dyspnea, and ultimately enhances cardiopulmonary 
health. Meanwhile, the improved respiratory muscle strength would delay the respiratory fatigue, leading to the 
increase in physical performance during the pre-operative rehabilitation exercise, ultimately boosting the effect 
of exercise on their physical fitness. Therefore, IMT plus pre-operative rehabilitation exercise can be a suitable 
alternative to promote cardiopulmonary health, reducing the risks of cardiovascular disease and mortality for 
patients with end-stage knee OA. 

Study procedures: 
End-stage knee OA patients are recruited. They are randomly allocated into Experimental group (IMT plus pre-
operative rehabilitation exercise) or Control group (Pre-operative rehabilitation exercise).  

3. Experimental group:
Investigator will instruct the participants to perform the exercise at home (5 times per week, 5-min IMT 
plus 20-min pre-operative rehabilitation exercise per session, 8 weeks). The exercise consists of knee range
of motion, ankle pumping, straight leg rising, knee set, and stretching.

4. Control group:
Investigator will instruct the participants to perform the exercise at home (5 times per week, 20-min pre-
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operative rehabilitation exercise per session, 8 weeks). 

Assessments: 
Participants are invited to undergo 2 assessments, including baseline assessment, post-intervention assessment 
in the laboratory. These assessments encompass various measurements, including cardiopulmonary function, 
pulmonary function, quadriceps function, and questionnaires (i.e., dyspnea, fatigue, physical activity level, sleep 
quality, knee-related scores, and quality of life). In terms of cardiopulmonary function, they will receive a pack 
of tests, including the six-minute walk test, handgrip strength test, chair-stand test, timed up-and-go test. For 
pulmonary function, they will receive spirometry, inspiratory muscle strength and endurance test. The entire 
investigation is expected to take approximately 1.5 hours. In addition, participants are asked to wear an 
Actigraph on their wrist on consecutive 3 days to objectively record their physical activity after the 
measurements in the laboratory. 

Benefits of the study: 
This project will help evaluate the health condition and figure out the better modality to promote 
cardiopulmonary health in patients diagnosed with end-stage knee osteoarthritis. 

Potential risks of the study: 
All assessments and interventions are commonly used clinical tests and interventions with minimal risks. 
Participants may experience symptoms such as muscle soreness and/or knee pain, hypoglycemia and dizziness 
during the assessments, during the exercise, or afterwards. It is also expected that blood pressure will increase 
during exercise. Our team will control the order of the tests and provide sufficient safety guidance for exercise 
training. If any discomfort arises, the assessment tests or exercise will be immediately paused, and participants 
will be instructed to rest and be observed to ensure their safety during the testing or exercise session. We will 
take appropriate measures promptly to address any unexpected accidents. The Principal Investigator/Chief 
Investigator is required to report any Serious Adverse Event (SAE) related to the study to the PolyU IRB within 
48 hours of becoming aware of the event. 

If you do not want to answer question that makes you uncomfortable, you have the right to refuse and inform 
the researcher. 

Publishing research findings: 
The research findings from this project will be published in journal papers and presented at academic 
conferences. They will also be utilized for teaching demonstrations and explanations.  

Confidentiality: 
All personal data related to you will be kept confidential, and all information will be identified only by codes 
known to the researchers (anonymous data). We will minimize the use of personal data as much as possible in 
the study. The research project will have access to personal and research data for study purposes. Responsible 
members of the Hong Kong Polytechnic University may be granted permission to monitor and/or review the 
research. The data collected in this project will be retained until 5 years after the public release of the research 
findings, after which it will be destroyed. the Hong Kong Polytechnic University will take reasonable 
precautions to prevent the loss, misuse, or destruction of the data you provide. 

You have every right to withdraw from the study before or during the measurement without penalty of any kind. 

If you have any questions or would like to obtain more information about this research, please feel free to 
inquire with our research personnel or contact Ms. Susan Su at the following telephone number: 5513         . If 
you have any complaints regarding the conduct of this study, you can submit a written complaint to the 
Secretary of the Hong Kong Polytechnic University Institutional Review Board
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(institutional.review.board@polyu.edu.hk), specifying the principal investigator of the research project and the 
HSESC reference number. 

Thank you for the interest in participating in this study!
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香港理工大學康復治療科學系 

科研內容說明書_2 

科研題目：呼吸肌肉訓練對患有晚期膝關節炎人群提升心肺健康的研究計劃 

科研人員： 

蘇珊女士 - 香港理工大學康復治療科學系博士生 

余頌華博士 - 香港理工大學康復治療科學系助理教授 

尹希文醫生 - 廣華醫院骨科協會顧問 

符少娥博士 - 香港理工大學康復治療科學系教授 

科研內容： 

本研究主要目的為評估呼吸肌肉訓練結合術前運動對提升晚期膝骨關節炎患者心肺健康的效果。 

由於疼痛的限制，大部分退化性膝關節炎患者缺少身體活動，會損害心肺健康，增加心血管疾病和

死亡的風險。同時，由於越來越長的手術等待時間（平均約 4-5 年）以及受到嚴重的膝痛限制，晚

期膝骨關節炎患者的損害更為嚴重，增加術前/術後的健康風險。因此，增強膝關節炎患者的心肺功

能非常重要。 

吸氣肌肉訓練是一種在吸氣階段提供阻力的鍛鍊。吸氣肌肉訓練能夠增強吸氣肌肉的力量和耐力，

從而改善肺功能，減少呼吸困難，並最終提升心肺健康。同時強化的吸氣肌肉有助於減少呼吸肌疲

勞，提升運動表現，從而促進術前康復運動的效果。因此，在常規術前康復運動基礎上增加吸氣肌

訓練，將有助於提升他們術前的心肺健康，減少術後心血管疾病以及死亡的風險。 

實驗過程： 

研究計劃招募晚期膝骨關節炎患者。他們隨機分配到實驗組（呼吸肌肉訓練加術前運動）或對照組

（術前運動）。 

（三）實驗組：

研究人員會先與參加者計劃好運動訓練，並給予居家運動指引「每週進行5次，每次約

5分鐘呼吸肌訓練加約20分鐘術前運動，為期8星期」。術前康復運動主要包括膝關節活

動、踝關節活動、直腿抬高運動、膝關節肌肉強化運動和伸展運動。

（四）對照組：

研究人員會先與參加者計劃好運動訓練，並給予居家運動指引「每週進行5次，每次約

20分鐘術前運動，為期8星期」。

評估時間和內容： 

研究者邀請參與者到實驗室接受兩次評估，包括基線評估、干預後評估。這些評估包括心肺功能、

肺功能測試、股四頭肌功能、問卷（包括呼吸困難程度，疲勞水平，體力活動水平、睡眠質量、膝

關節相關評分和生活質量）。參加者將接受一系列測試來評估心肺功能，包括六分鐘步行測試、握
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力測試、椅子站立測試、定時起身測試。整個檢查預計大約 1.5 小時的實驗室檢查。另外，實驗室

檢查完成後，參與者需要配戴 3 日的活動記錄手環，以客觀的記錄其身體活動水平。 

對項目參與人仕和社會的益處： 

本研究針對晚期膝關節炎患者，提出促進心肺健康的有效干預方法。 

潛在危險性： 

所有評估測試和運動建議都是常用的臨床測試和運動建議，風險很小。參與者在進行身體功能評估

的過程中、在運動期間或運動後或可能會有肌肉酸痛、膝痛、低血糖、頭暈等徵狀，而在運動期間

血壓亦會預期升高。我們的工作團隊會嚴格控制測試的秩序，並對運動訓練提供足夠的安全指引。

如有身體不適，評估測試或運動將會立即暫停，囑參與者休息並作觀察，確保参与者在安全的環境

下進行測試或運動訓練。我們將立即採取適當措施處理任何意外事故。首席研究员须在得知與研究

有關的嚴重的不良事件后 48 小时内向理大伦理审查委员会报告。 

如果您不想回答某些令您不適的問題，您有權將其留空並請隨時告知研究人員。 

發佈研究結果： 

本計劃的研究成果將會於期刊論文、學術會議上發表，亦會用作教學演示解釋。 

個人資料的處理： 

凡有關閣下的個人數據資料將會保密，一切資料只能通過研究人員已知的代碼來識別（匿名數

據）。我們將在研究中盡可能減少對個人數據的使用。本研究計劃將可以審視個人數據和研究數據

以進行研究。香港理工大學的負責成員可以被授予監視和/或審核研究的權限。本計劃收集到的資料

將一直保存至研究結果公開發布後的 5 年，其後便會銷毀。香港理工大學會採取合理的預防措施，

以防止您所提供的資料丟失、被盜用或被破壞。 

所有參加者皆享有充分的權利在研究開始前或後決定退出這項研究，更不會因此引致任何懲罰。 

如閣下有任何疑問或想獲得更多有關這項研究的資料，請隨時向我們的研究人員查詢,或請與苏珊女

士聯絡(電話 5513         ) 。如果您對本研究的進行有任何投訴，可以書面形式聯繫香港理工大學機

構審查委員會秘書（institutional.review.board@polyu.edu.hk），明確說明研究計劃負責人和

HSESC 參考編號。 

謝謝閣下有興趣參與這項研究。 
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Appendix VI. Consent Forms of Study 2 and Study 3 

The Hong Kong Polytechnic University 
Department of Rehabilitation Sciences  

Consent Form 

Project title: Effect of Nordic Walking to Promote Cardiopulmonary Function in Patients 
with Knee Osteoarthritis 

I, _______________________, voluntarily consent to take part in the above named study. The 

procedure as set out in the attached information sheet has been fully explained.  

I understand the benefit and risks involved.  I understand that I can withdraw from this study at any 

time without giving reasons, and my withdrawal will not lead to any punishment or prejudice 

against me.   

I understand and agree that information obtained from this research may be used in future research 

and published. However, my right to privacy will be retained, i.e. my personal information will not 

be disclosed to people who are not related to this study and my name or photograph will not appear 

on any publications resulted from this study. 

I can contact the Co-investigator Ms. Shan SU at telephone 6998           or the Principal Investigator 

Prof. Amy FU at telephone 2766 6726 for any questions about this study.   

I know I will be given a signed copy of this consent form. 

Name    Signature Date 

Participant ________________ ________________ ________________ 

Investigator ________________ ________________ ________________ 
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香港理工大學康復治療科學系 

科研同意書 

科研題目：雙杖健步行訓練對患有膝關節炎人群提升心肺健康的研究計劃 

本人___________________同意參加此研究。研究人員已向本人清楚解釋說明書中列出的研究

程序。 

本人明瞭研究當中涉及的利益及風險。本人知悉有權提出關於這項研究的任何疑問，並有權

在任何時候、無任何原因放棄參與此次研究，而此舉不會導致任何懲罰。

本人知悉並同意此研究所得的資料可能被用作日後的研究及發表，但本人的私隱權利將得以

保留，即本人的個人資料不會被公開，例如名字和照片不會出現在任何研究刊物中。 

本人知悉，就此研究的任何疑問可以聯繫此研究負責人，蘇珊女士（電話：6998         ），或

研究主要負責人符少娥教授（電話：2766 6726）。 

本人知悉會給我一份知情同意書。 

姓名 簽字 日期

參與者 ________________ ________________ ________________ 

研究員 ________________ ________________ ________________ 
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The Hong Kong Polytechnic University 
Department of Rehabilitation Sciences  

Consent Form 

Project title: Effect of Inspiratory Muscle Training to Promote Cardiopulmonary Health in 
Patients with End-stage Knee Osteoarthritis 

 

I, _______________________, voluntarily consent to take part in the above named study. The 

procedure as set out in the attached information sheet has been fully explained.  

I understand the benefit and risks involved.  I understand that I can withdraw from this study at any 

time without giving reasons, and my withdrawal will not lead to any punishment or prejudice 

against me.   

I understand and agree that information obtained from this research may be used in future research 

and published. However, my right to privacy will be retained, i.e. my personal information will not 

be disclosed to people who are not related to this study and my name or photograph will not appear 

on any publications resulted from this study. 

I can contact the Co-investigator Ms. Shan SU at telephone 6998           or the Principal Investigator 

Prof. Amy FU at telephone 2766 6726 for any questions about this study.   

I know I will be given a signed copy of this consent form. 

Name    Signature Date 

Participant ________________ ________________ ________________ 

Investigator ________________ ________________ ________________ 
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香港理工大學康復治療科學系 

科研同意書 

科研題目：呼吸肌肉訓練對患有晚期膝關節炎人群提升心肺健康的研究計劃 

本人___________________同意參加此研究。研究人員已向本人清楚解釋說明書中列出的研究

程序。 

本人明瞭研究當中涉及的利益及風險。本人知悉有權提出關於這項研究的任何疑問，並有權

在任何時候、無任何原因放棄參與此次研究，而此舉不會導致任何懲罰。

本人知悉並同意此研究所得的資料可能被用作日後的研究及發表，但本人的私隱權利將得以

保留，即本人的個人資料不會被公開，例如名字和照片不會出現在任何研究刊物中。 

本人知悉，就此研究的任何疑問可以聯繫此研究負責人，蘇珊女士（電話：6998       ），或

研究主要負責人符少娥教授（電話：2766 6726）。 

本人知悉會給我一份知情同意書。 

姓名 簽字 日期

參與者 ________________ ________________ ________________ 

研究員 ________________ ________________ ________________ 
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Appendix VII. The Western Ontario and McMaster Universities Osteoarthritis Index 

WOMAC 
Subject Code.: ________ Subject Name:

6

問卷 2 WOMAC
說明：這個調查會詢問一些關於您的膝蓋的問題。這些信息將會幫助我們了解您對膝蓋的感

覺以及您進行日常活動的能力。在回答每個問題時，請在合適的方框內打勾，每題只能選一

個答案。如果您不是很確定怎麼回答一個問題，請儘量選擇一個您認為最好的答案。

僵硬

以下的問題是關於上個星期您所感受到膝關節僵硬的程度。僵硬是指在活動膝關節的時

候，您感受到行動限制或緩慢  

S1. 早晨當您醒來的時候，您的膝關節僵硬有多嚴重？  

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

S2. 在一天當中的晚些時候，當您坐下，躺下或休息時，您膝關節僵硬的有多嚴重? 

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

疼痛

上個星期，在以下活動中，您膝蓋的疼痛達到何種程度？

P1. 在平坦的路面行走 

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

P2. 上樓梯或下樓梯 

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

P3. 晚上在床上的時候 

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

P4. 坐著或躺著 

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

P5. 站直 

£ 沒有 £ 輕微的 £ 中等的 £ 嚴重的 £ 非常嚴重的

日常生活

以下的問題是關於您的身體功能的。這些是指您行動和照顧自己的能力。對以下的每項活

動，請指出在上個星期您因為您的膝蓋而感受到的困難程度。

A1. 下樓梯 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難

A2. 上樓梯 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難

A3. 從坐的姿勢起身 
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Subject Code.: ________                              Subject Name:                
 

 7 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A4. 站著 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A5. 彎向地面/撿起東西 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A6. 在平坦的表面行走 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A7. 進/出汽車 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A8. 上街購物 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A9. 穿短襪/長襪  

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A10. 起床 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A11. 脫去短襪/長襪 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A12. 躺在床上（翻身，保持膝蓋位置） 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A13. 洗澡 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A14. 坐著 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A15. 上廁所 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A16. 重的家務（搬很重的箱子，擦地板，等等） 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 

A17. 輕的家務（做飯，除塵，等等） 

£ 沒有困難 £ 輕微的困難 £ 中等的困難 £ 非常困難 £ 極其困難 
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Appendix VIII. The 12-item Shor Form Health Survey 

您的身心健康狀況 

 

 

Subject Code.: ________                              Subject Name:                
 

 8 

問卷 3           您的身心健康狀況 

這項調查是詢問您對自己健康狀況的了解。此項資料記錄您的自我感覺和日常生活的情況。

謝謝您回答這份問卷! 敬請回答下列各問題並在最適當的答案畫一個( )。  
 
1. 總括來說，您認為您的健康狀況是:  
極好 
£ 

很好 
£ 

好 
£ 

一般 
£ 

差 
 £ 

 

2. 下列問題是關於您日常生活中可能進行的活動。以您目前的健康狀況，您在進行這些活動

時，有沒有受到限制?如果有的話，程度如何?  
 有很大限制 有一點限制 沒有任何限制 

 

a.中等強度的活動，比如搬桌子、使用吸塵器

清潔地面、玩保齡球或打太極拳  

£ £ £ 
 

b.上幾層樓梯  £ £ £ 
 

3. 在過去四個星期裏，您在工作或其它日常活動中，有多少時間會因為身體健康的原因而遇

到下列的問題?  
 常常

如此 
大部分

時間 
有時 偶爾 從來沒

有 
 

a. 實際做完的比想做的要少  £ £ £ £ £ 
 

b. 工作或其它活動的種類受到限制  £ £ £ £ £ 
 

4. 在過去的四個星期裏，您在工作或其它日常活動中，有多少時間由於情緒方面的原因(比如

感到沮喪或焦慮)遇到下列的問題? 
 常常

如此 
大部分

時間 
有時 偶爾 從來沒

有 
 

a. 實際做完的比想做的要少 £ £ £ £ £ 
 

b. 工作時或從事其它活動時不如往常細心了  £ £ £ £ £ 
 

5. 在過去四個星期裏，您身體上的疼痛對您的日常工作(包括上班和家務)有多大影響?  
毫無影響 
£ 

有很少影響 
£ 

有一些影響 
£ 

有較大影響 
£ 

有極大影響 
£ 

 

6. 下列問題是有關您在過去四個星期裏您覺得怎樣和您其它的情況。針對每一個問題，請選

擇一個最接近您的感覺的答案。在過去四個星期裏，有多少時間:  
 常常

如此 
大部分

時間 
有時 偶爾 從來沒

有 
 

a. 您感到心平氣和?  £ £ £ £ £ 
 

b. 您感到精力充足?  £ £ £ £ £ 
 

c. 您覺得心情不好，悶悶不樂?  £ £ £ £ £ 
 

7. 在過去四個星期裹，有多少時間由於您的身體健康或情緒問題妨礙了您的社交活動(比如探

親、訪友等)?  
常常有妨礙 大部分時間有妨礙 有時有妨礙 偶爾有妨礙 從來沒有妨礙 
£ £ £ £ £ 
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Appendix IX. The Physical Activity Scale for the Elderly  

老年人身體活動量表中文版 

休閒時間身體活動 

1.在過去 7 天裡，您是否經常坐著從事一些活動，如:閱讀、看電視或做手工等? 

£0不曾（跳到第2題） £1很少（1-2天） £2有時（3-4天） £3經常（5-7天） 

1.1 平均一天坐著幾小時？ 

£1少於1小時 £2 1-2小時 £32-4小時 £4超過4小時 

2.在過去 7 天裡，您是否經常到戶外走動，如:散步、溜狗、購物等?  

£0不曾（跳到第3題） £1很少（1-2天） £2有時（3-4天） £3經常（5-7天） 

2.1 平均一天走路幾小時？ 

£1少於1小時 £2 1-2小時 £32-4小時 £4超過4小時 

3.在過去 7 天裡，您是否經常從事一些輕度的運動或休閒活動，如:做伸展運動、釣魚、唱歌或

演奏樂器等? ( 輕度是指:覺得不費力，呼吸與心跳與平時差不多，沒有流汗 ) 

£0不曾（跳到第4題） £1很少（1-2天） £2有時（3-4天） £3經常（5-7天） 

3.1 平均一天從事以上活動幾小時？ 

£1少於1小時 £2 1-2小時 £32-4小時 £4超過4小時 

4.在過去 7 天裡，您是否經常從事中度的運動或休閒活動，如:健走、太極拳、元極舞、土風

舞、用一般速度游泳或騎自行車等? 

£0不曾（跳到第5題） £1很少（1-2天） £2有時（3-4天） £3經常（5-7天） 
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4.1 平均一天從事以上活動幾小時？ 

£1少於1小時 £2 1-2小時 £32-4小時 £4超過4小時 

5.在過去 7 天裡，您是否經常從事激烈的運動或休閒活動?如:跑步、爬山、打球、上樓梯、有氧

舞蹈、快速游泳或快速騎自行車等? 

£0不曾（跳到第6題） £1很少（1-2天） £2有時（3-4天） £3經常（5-7天） 

5.1 平均一天從事以上活動幾小時？ 

£1少於1小時 £2 1-2小時 £32-4小時 £4超過4小時 

6.在過去 7 天裡，您是否經常從事強化肌力或肌耐力的運動，如:舉重，單槓，伏地挺身，仰臥

起坐? 

£0不曾（跳到第7題） £1很少（1-2天） £2有時（3-4天） £3經常（5-7天） 

6.1 平均一天從事以上活動幾小時？ 

£1少於1小時 £2 1-2小時 £32-4小時 £4超過4小時 

家務勞動 

7.在過去 7 天裡，是否有做一些輕鬆的家務，如:洗碗、掃地、清掃灰塵? £0沒有 £1有 

8.在過去 7 天裡，是否有做一些粗重的家務，如:拖地、擦洗門窗? £0沒有 £1有 

9.在過去 7 天裡，您是否有從事以下的活動:  

9.1整修居家環境，如:粉刷室內、貼壁紙、水電工。 £0沒有 £1有 

9.2整理前後院環境，如:清掃落葉、修剪樹枝、  £0沒有 £1有 

9.3戶外栽花種草。 £0沒有 £1有 

9.4照顧配偶、孫子或其他家人。 £0沒有 £1有 
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職業工作 

10.在過去 7 天裡，您是否曾做義工或做有領薪水的工作? £0沒有 £1有 

10.1 一個星期幾個小時: ___________小時。 

10.2 以下哪一個答案比較接近你的工作性質?  

£1坐著用手工作，如:工廠作業員、司機。 

£2坐或站，須走動，如:收銀員、辦公室員工。  

£3須走動且搬動約小於 23 公斤的重物，如:郵差、服務生、建築工人。 

£4須走動，並搬動約超過 23 公斤的重物。  
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Appendix X. International Physical Activity Questionnaire  

 

Subject Code.: ________                              Subject Name:                
 

 9 

                   國際身體活動問卷 
我們對找尋人們在他們日常生活中多種的身體活動有興趣，這個問卷會問你在最近 7天花在

身體活動的時間，請回答每一個問題，甚至如果你想自己是一個沒有活動的人，請想一想你

在工作時的活動、像是你在家裡或園藝的部份、從一個地方到一個地方及在你空閒的時間運

動或娛樂。 

 

想一想在最近 7天裡你做過所有強而有力的活動，強而有力的身體活動是指以費力的身體負

荷且讓你呼吸較正常更為急促的活動，僅回想你所做過每次至少 10分鐘的那些身體活動。 
 
1. 最近 7天裡，你花多少天做強而有力的身體活動，像是提重物、苦力、有氧運動或快騎腳

踏車？ 
_____ 每週幾天  
 

沒有強而有力的身體活動         跳到問題 3 

 
2. 在參與強有力身體活動的那些天，你通常花多少時間做強而有力的身體活動？ 

_____ 每天幾個小時  

_____ 每天幾分鐘  

不知道/不確定 

 
想一想最近 7天你做過所有適度的活動，適度的活動是指以適度的身體負荷並且讓你呼吸比

正常費力一些的活動。 
 
3. 最近 7天裡，你花多少時間做適度的身體活動，像是提輕的物品、正常的速度騎腳踏車或

網球雙打？不包含走路。 
_____ 每週幾天  
 

沒有適度的身體活動             跳到問題 5 
 

4. 在參與適度身體活動的那些天，通常你花多少時間做適度的身體活動？ 

_____ 每天幾個小時  

_____ 每天幾分鐘  

不知道/不確定 
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Subject Code.: ________                              Subject Name:                
 

 10 

想一想最近 7天你花多少時間在走路，包含工作、在家、從某地到某地、娛樂、遊戲或休閒

時的走路。 

5. 最近 7天裡，你花多少天走每次至少 10分鐘的路？ 
_____ 每週幾天  
 

沒有走路                 跳到問題 7 
 
6. 在走路的那些天，你通常花多少時間在走路？ 

_____ 每天幾個小時  

_____ 每天幾分鐘  

不知道/不確定 

 

最後的問題是在最近連續 7個非假日時間（扣除週六與週日）你花多少時間在坐著，包含花

在工作、家裡、做作業及休閒時的坐著，這或許可以包含花在書桌、拜訪朋友、讀書或看電

視的躺著或坐著。 

 

7. 最近 7天裡，你在工作日的時候花多少時間在坐著？ 
_____ 每天幾個小時  

_____ 每天幾分鐘  

不知道/不確 
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