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Osteoarthritis leads to muscle weakness, reduced joint range of motion 
(ROM), and increased pain in the muscles surrounding the knee. This 
study investigated pain management and joint function recovery after 
participation of 78 patients with knee osteoarthritis (KOA) in a 12-week 
community-based exercise rehabilitation program. We assessed the pain 
associated with KOA and verified knee angles. We measured physical 
activity function level in terms of muscular endurance, walking in place, 
timed up-and-go, and single-leg stance tests. Additionally, we used mus-
cular endurance and balance (measurements at 2-week intervals to assess 
functional recovery and adjust exercise programs. An assessment was 
performed after the 12-week intervention period. After the intervention, 
the pain visual analog scale score was significantly decreased (P < 
0.001). Maximum flexion was significantly increased (P < 0.001). Flexion 
contracture was markedly improved (P < 0.004), confirming recovery 
of knee joint ROM. Moreover, significant improvements were observed 
in various indicators of physical function, indicating the effectiveness 
of the individualized exercise rehabilitation programs. Thus, our personal-
ized exercise rehabilitation programs coupled with periodic assessments 
of pain and joint function were highly effective in facilitating functional 
recovery. This underscores the necessity for sustained exercise re-
habilitation following musculoskeletal disorder treatment. In particular, 
the protocol for exercise rehabilitation should be tailored to the post-treat-
ment phase and individual functional level.
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1. Introduction

Osteoarthritis is a prevalent chronic degenerative condition characterized by age-related deterioration 

and damage to the joint cartilage between the bones, leading to pain. The incidence of osteoarthritis 

is continues to increase worldwide. In South Korea, the incidence of osteoarthritis is highest in 

individuals aged 70 years and above. However, the age group with the greatest increase relative 

to the previous year was the 50s, with a notable surge of 184.4% (Health Insurance Review & 

Assessment Service, 2021). The knee joint, which bears a significant weight load, experiences the 

highest level of pain (82.6%) due to osteoarthritis (Kim et al., 2021). The resulting pain, joint 

functional limitations, and reduced quality of life have been documented to have a substantial impact 

on health indicators (Chen et al., 2020).

Osteoarthritis results in an imbalance of the muscles around the knee. This contributes to muscle 

weakness, reduced joint range of motion (ROM), and increased pain in the muscles surrounding 

the knee (Baliunas et al., 2002). Furthermore, as aging progresses, balance ability declines, and 

physical capacities, such as lower limb strength and core muscle strength, decrease rapidly. Consequently, 

individuals experience more severe chronic pain because of physical aging (Kim et al., 2021).

Conservative approaches, such as drug therapy, physical therapy, and exercise, are commonly 

employed to treat osteoarthritis. Exercise has minimal side effects and the reported benefits include 

symptomatic relief, stress reduction, and joint protection (Callaghan & Oldham, 1996). Resistance 

exercise offers particular advantages, such as enhanced muscle strength, increased muscle and bone 

mass, and improved balance and mobility, which are essential for everyday functional abilities (Kim 

et al., 2020). However, engaging in general exercises that do not align with exercise capacity and 

with an intensity that is not suitable for patients with osteoarthritis may elevate muscle tension 

and increase pressure within the knee joint, potentially worsening knee osteoarthritis (Lee & Park, 

2013). Therefore, the role of a specialized fitness instructor and thorough assessment of each individual’s 

exercise capacity are crucial.

In exercise rehabilitation for degenerative knee osteoarthritis, a personalized approach based on 

the treatment methods used and recovery stage of the patient is essential. Following treatment or 

surgery, many patients experience rapid muscle atrophy, which leads to an abrupt decline in muscle 

strength. This, coupled with increased joint stiffness and instability, limits daily activities. Therefore, 

during this phase, interventions, such as reducing swelling, preventing joint constriction, and restoring 

knee ROM, are crucial (Rejeski et al., 2002). Furthermore, recovery of activities of daily living (ADL) 

through the stabilization of gait, balance, and coordination is essential. However, in many studies, 

exercise rehabilitation for knee osteoarthritis has traditionally emphasized improving knee ROM and 

quadriceps muscle strength (Bade et al., 2012). The application of exercise rehabilitation according 

to recovery stage remains insufficiently addressed in the existing literature. Failure to engage in re-

habilitation during this period not only leads to delayed recovery and increased pain but also negatively 

impacts the quality of life in daily activities. Moreover, it can influence secondary pain and other 

conditions. Therefore, the role of post-treatment rehabilitation services is of paramount importance.

Consequently, this study explored the effectiveness of individualized exercise rehabilitation programs 

conducted at local community exercise centers as a treatment for patients with knee osteoarthritis. 
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In particular, we investigated whether participation in community-based exercise rehabilitation pro-

grams resulted in improvements in pain and joint function recovery.

2. Methods

2.1 Participants

This study recruited 80 participants aged 50 years and above, with a history of knee osteoarthritis, 

from the local community. After receiving a full explanation of the study, including an explanation 

that if they experienced discomfort or felt that conditions were inappropriate at any point during 

the study, they had the right to withdraw from the study, individuals who expressed their willingness 

to participate voluntarily and provided written informed consent were enrolled. This study was approved 

by the Research Ethics Committee of G University (Approval No. 1044396-202301-HR-018-01). 

The inclusion criteria for the study participants were an age of 50 years or above and previous 

diagnosis with osteoarthritis by a specialist. Additionally, participants were required to have a sufficient 

understanding of and capability to perform tasks directed by the researchers. We excluded those 

who were medically advised to restrict exercise participation and those with neurological issues. 

Among the 80 participants initially recruited for the study, 2 withdrew during the course of 

exercise participation, resulting in a final sample of 78 participants for data analysis. Personal in-

formation of the participants was stored in an encrypted form to ensure confidentiality. 

2.2 Data collection

In terms of disease-related information of the study participants, we obtained mandatory record 

access approval prior to the experiment, and recorded clinical characteristics, including medical 

history, onset date, causes of onset, and KCD code characteristics. General characteristics, such 

as age, height, and weight, were also recorded. We assessed the pain associated with knee osteoarthritis 

in the study participants and verified the knee angles. Additionally, we measured physical activity 

function level through various tests, including muscular endurance (chair stand test), walking in 

place (2-min walking test [2-MWT]), timed up-and-go (TUG), and balance (single-leg stance test). 

Additionally, we used muscular endurance (standing and sitting) and balance (single-leg stance test) 

measurements at 2-week intervals for assessing functional recovery and making program adjustments. 

A post-assessment was performed using the same methods as during the pre-test after the 12-week 

intervention period.

2.3 Measuring tools

2.3.1 Pain measurement by visual analogue scale (VAS)

Pain intensity was rated on a VAS with 0–10 points and with the labels “no pain” and “unbearable 
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pain” on the scale’s outer ends (Fig. 1). Thus, a high score indicated a high level of perceived 

pain intensity. The pain intensity was rated as knee pain on the day of assessment. 

  Fig. 1. Universal visual analogue scale conversion

2.3.2 Knee ROM

Knee ROM is most accurately measured by using a goniometer. A goniometer is a specially 

designed protractor that measures joint angles. The active range of movement of the knees (including 

presence of maximum flexion ≤140° and flexion contracture [0–10°]) were measured clinically 

by using a goniometer in the pre-operative period and on the most recent follow-up (Fig. 2).

 Fig. 2. Measurement of knee range of motion

2.3.3 Muscular endurance (Chair stand test)

The chair stand test is similar to the squat test in terms of measuring leg strength, in which 

participants stand up repeatedly from a chair for a period of 30 s. The chair was placed against 

a wall to stabilize it safely. The participants sat in the middle of the seat with their feet shoulder-width 

apart and flat on the floor. Their arms were bent, crossed at the wrists, and held close to the 

chest. In the sitting position, the participant stood up completely up and then sat back down completely. 

This process was repeated for 30 s. The total number of completed chair stands was counted 
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(standing up and sitting down equaled one chair stand). If the participant had completed a full 

stand from the sitting position when the time elapsed, the final stand was counted in the total 

(Jones et al., 2000).

2.3.4 Flexibility (Chair sit and reach)

The chair sit and reach test is a variation of the traditional sit-and-reach flexibility test. Participants 

sat on the edge of a chair (placed against a wall for safety). One foot remained flat on the floor. 

The other leg was extended forward with the knee straight, heel on the floor, and ankle bent at 

90°. One hand was placed on top of the other using the tips of the middle fingers. The participants 

were instructed to inhale and then, as they exhaled, to reach forward toward the toes by bending 

at the hip, while maintaining the back straight and keeping the head up. They were told to avoid 

bouncing or making quick movements and never to stretch to the point of pain. They were to 

keep the knee straight and to hold the maximum reach position for 2 s. The distances between 

the fingertips and toes were measured. If the fingertips touched the toes, the score was set as 

zero. If they did not touch, the distance between the fingers and toes was measured as a negative 

score. If they overlapped, the distance was measured as a positive score. 

2.3.5 Walking in place (2-MWT)

The 2-MWT was used to measure the physical performance of patients who underwent total 

knee arthroplasty (Rikli & Jones, 1999) and senior tests. During the test, the participant would 

step in place, and the examiner recorded the number of knee lifts performed within 2 min. Before 

starting the test, the examiner marked the wall with tape at the midpoint between the anterosuperior 

iliac spine and middle of the patella. The participants were instructed to begin walking without 

running when given a signal. For each participant, the examiner counted the number of right and 

left knee lifts required to reach the mark. Knee elevations that fell short of this mark were not 

counted. To familiarize themselves with the test, the participants performed a 30-s trial. During 

the test, the examiner stood next to the participants to ensure their safety and provided verbal 

instructions to them.

2.3.6 Functional mobility (TUG)

Coordination and agility tests for older people, which is part of the Senior Fitness Test (SFT) 

Protocol. A chair was placed next to the wall for safety purposes and a marker was placed 

8 feet in front of the chair. There was a clear path between the chair and the marker. The 

participants placed their hand on the knee, placed it flat on the ground, and sat down completely. 

At the "Start" command (when the timer was started), the participant stood up and walked around 

the marker as fast as possible (without running), returned to the chair and sat down (at which 

time the timer was stopped). Each participant performed two attempts in each session (Rose 

et al., 2002).
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2.3.7 Single-leg stance test

For the single-leg stance balance test, participants began by standing 1 m away from a wall, 

facing the wall. Participants then lifted one leg, while standing on one foot. The time (in seconds) 

that participants were able to balance on one foot before this foot touched the ground or they 

lost balance and touched the wall was recorded, with a maximum time of 60 s.

2.4 Statistical analysis

SPSS 23.0 Version (IBM Co., Armonk, NY, USA) was used for data analysis. A paired t-test 

was conducted for analyzing variables before and after the 12-week exercise rehabilitation program. 

Furthermore, changes in the chair stand test and the single-leg stance test, measured at 2-week 

intervals throughout the program, were assessed using repeated-measures analysis of variance to 

examine score differences. Bonferroni post-hoc tests were conducted to investigate differences across 

measurement time points. For all tests, the significance level was set at p<0.05.

3. Results

This study, conducted on 78 individuals aged 50 years and above who had knee osteoarthritis, 

implemented personalized exercise rehabilitation programs tailored to each participant’s pain and 

physical function level over a 12-week period. The characteristics of the participants are presented 

in Table 1.

n=78

Age Year 64.13±7.55

Sex Male 17

Female 61

Clinical 
characteristics

Arthritis, unspecified (M13.9) 11

Gonarthrosis, unspecified (M17.9) 7

Pain in joint (M25.56) 9

Myalgia (M79.168) 7

Internal derangement of knee, unspecified (M23.99) 44

Table 1. Clinical characteristics of participants

After 12 weeks of intervention, changes related to body composition were noted (Table 2). Specifically, 

a significant weight reduction was observed after 12 weeks of exercise rehabilitation (P<0.012). 

Although the change in body mass index (BMI) was not significant, there was a noticeable trend 

towards a reduction. 
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Pre Post P

Body-composition Height (cm) 161.26 ± 7.84 161.19 ± 7.64 0.944

Weight (kg) 62.65 ± 11.05 60.38 ± 11.56 0.012

Body mass index (kg/m²) 24.07 ± 3.48 23.86 ± 3.99 0.480

* P<0.05, ** P<0.01, *** P 0.001, tested by performing paired t-test, 
Data are presented as mean ± standard deviation

Table 2. Body composition characteristics at the baseline and week 12

Using the VAS as a pain indicator, the participants indicated the level of pain or symptoms 

they experienced in their knees during daily activities. The results indicated a significant reduction 

in pain (P<0.001) after the exercise rehabilitation intervention as compared to that before the 

intervention (Table 3). Knee joint ROM showed a significant increase in maximum flexion 

(P<0.001), and a significant decrease in in flexion contracture (P<0.004; Table 3). 

Pre Post P

Pain VAS 4.86 ± 2.51 1.65 ± 1.47 0.001***

ROM Maximum flexion 115.64 ± 17.14 123.08 ± 14.06 0.001***

Flexion contracture 5.62 ± 8.61 3.12 ± 4.86 0.004**

SFT Chair stand test (reps/30 s) 15.88 ± 5.90 28.14 ± 15.05 0.001***

Chair sit and reach 9.19 ± 9.06 13.22 ± 7.75 0.001***

2-MWT 88.90 ± 22.68 107 ± 25.35 0.001***

TUG 7.73( ± 1.78) 6.8 ± 2.06 0.001***

Single-leg stance test 20.99 ± 17.01 40.6 ± 30.57 0.001***

* P<0.05, ** P<0.01, *** P 0.001, tested by performing paired t-test, 
Data are presented as mean ± standard deviation,
VAS, visual analogue scale; ROM, range of motion; SFT, Senior Fitness Test; 2-MWT, 2-min walking test; TUG, 
timed up-and-go

Table 3. Measurements at the baseline and week 12 in terms of pain, ROM, and SFT

In addition, from a functional perspective, all items in the SFT showed a significant increase, 

indicating functional recovery. These included the results of the chair stand test (P<0.001), chair 

sit and reach test (P<0.001), 2-MWT (P<0.001), TUG (P<0.001), and single-leg stance test (P<0.001) 

(Table 3). Particularly noteworthy was the progressive improvement in functionality observed in 

the chair stand and single-leg stance tests as measured at 2-week intervals (Fig. 3). This indicated 

the appropriateness of individualized exercise rehabilitation programs.
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Fig. 3. Changes in physical activity function level in response to exercise rehabilitation programs
as measured at 2-week intervals.

Tested by performing repeated measure ANOVA. Post hoc was * P<0.05, ** P<0.01, *** P 0.001

4. Discussion and Conclusion

In the present study, we investigated pain management and joint functional recovery after participation 

of 78 patients with knee osteoarthritis in a 12-week community-based exercise rehabilitation program. 

We found that, after the intervention, the pain VAS score was significantly decreased (P<0.001), 

maximum flexion was significantly increased (P<0.001), and flexion contracture was significantly 

decreased (P<0.004), indicating recovery of knee joint ROM. Moreover, various physical function 

indicators showed significant improvements. Thus, our personalized exercise rehabilitation programs 

coupled with periodic assessments of pain and joint function were highly effective in facilitating 

functional recovery of the knee joint in patients with knee osteoarthritis.

Pain resulting from knee injury leads to muscle weakening due to reduced sensory input from 

proprioceptors, thereby causing instability in the knee joint (Reider et al., 2003). Mechanical receptors 

distributed on the skin and proprioceptors located within the joints and muscles provide information 

regarding joint-position sense and kinesthesia (Riemann & Lephart, 2002). In particular, the pressure 

exerted on the patellofemoral joint increases with body weight, particularly during activities, such 

as ascending stairs, rising from a chair, and engaging in closed-chain exercises. Consequently, 

elevated pressure may be a risk factor for patellofemoral joint inflammation. Obesity, defined as 

a BMI of 30 kg/m² or higher, is recognized as a risk factor for knee pain, knee osteoarthritis, 

and patellofemoral joint arthritis (McAlindon et al., 1996). The 2021 American Academy of Orthopedic 

Surgeons (AAOS) (2021 American Academy of Orthopedic Surgeons) guidelines recommend weight 

loss for patients with a BMI of 25 kg/m² or higher who experience patellofemoral joint pain (Brophy 

et al., 2022). The risk of developing lifelong patellofemoral joint arthritis symptoms in patients 
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with obesity is estimated to be approximately 60%. In a meta-analysis of 30 studies with 4,651 

participants, the most effective measures for reducing pain were reported to be a low-calorie diet, 

exercise, weight loss, and physical activity. One study indicated that, with every 1% reduction 

in body weight, the Western Ontario and McMaster Universities Osteoarthritis scores for pain, 

function, and stiffness decreased by 2% (Panunzi et al., 2021). In this study, the participants’ 

BMI measured before the intervention was 24.07 ± 3.48 kg/m². After 8 weeks of exercise rehabilitation, 

a trend toward a decrease in BMI of 23.86 ± 3.99 kg/m² was noted, although the reduction did 

not reach statistical significance. 

The majority of exercise rehabilitation programs to date have emphasized the strengthening of 

the quadriceps muscles, which play a significant role in the stability of the patellofemoral joint 

and can impact factors such as reinjury. Rehabilitation exercises have shown positive effects on 

pain, swelling, ROM, and muscle function in patients with patellofemoral joint damage. In particular, 

rehabilitation exercises accompanied by diverse auxiliary tools have been shown to be more effective 

than conventional resistance exercises in the functional recovery of the lower extremities (Park 

et al., 2023). 

Furthermore, such functional improvements signify restoration of proprioceptive sensitivity. This 

implies an immediate muscle contractility response to externally applied forces, which is considered 

crucial for reducing functional instability or reinjury of damaged joints. Therefore, the recovery 

of proprioceptive sensitivity through exercise programs is an important goal in rehabilitation (Kim 

et al., 2020).

According to previous studies, regular exercise, including healthy lifestyle habits, alleviates pain 

and improves joint function associated with patellofemoral joint arthritis. The 2019 Osteoarthritis 

Research Society International and 2021 AAOS guidelines strongly recommend strength training, 

aerobic exercise, and neuromuscular exercise (Brophy et al., 2022). Moreover, engaging in physical 

activity with progressively increasing loads has been shown to enhance joint function and increase 

the joint ROM (Brosseau et al., 2008; Germanou et al., 2012). Specifically, quadriceps-strengthening 

exercises with supported knee loading help to reduce pain and improve lower-limb functional abilities 

(Kim et al., 2020).

However, interventions in exercise rehabilitation should include personalized exercise therapy 

for each individual. In particular, a thorough educational intervention by instructors providing ex-

planations and exercise guidance with careful consideration of each participant’s appropriate exercise 

intensity (ranging from low to high intensity), frequency, and duration, can be effective in reducing 

pain, improving ADL, and relieving symptoms of knee arthritis (Chen et al., 2019). According 

to a study by Hurley et al. (2018) involving 2,372 patients, individuals who did not receive education 

on exercise rehabilitation tended to avoid daily activities because of the fear that engaging in these 

might worsen pain or symptoms. In contrast, systematic education for patients with arthritis improved 

both pain and function and had a positive impact on conservative treatments related to arthritis, 

as reported by Sinatti et al. (2022). 

The 12-week exercise rehabilitation program implemented in this study, aimed at knee pain manage-

ment and joint function recovery, proved to be beneficial in that it significantly improved knee 

joint muscle function. Muscle function indicators, assessed at 2-week intervals, indicated a significant 
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positive effect on functional recovery within the exercise rehabilitation setting. This suggests that 

exercise programs require highly skilled guidance and intervention from instructors. We propose 

that the provision and management of a systematic exercise program capable of managing degenerative 

diseases in the context of an increasingly aging population and facilitating functional recovery within 

the local community could have a positive impact.

Conflicts of Interest 

No author has any other conflict of interest to declare.

References

Bade, M. J., & Stevens-Lapsley, J. E. (2012). Restoration of physical function in patients following 

total knee arthroplasty: An update on rehabilitation practices. Current Opinion in Rheumatology, 

24(2), 208-214.

Baliunas, A. J., Hurwitz, D. E., Ryals, A. B., Karrar, A., Case, J. P., Block, J. A., & Andriacchi, 

T. P. (2002). Increased knee joint loads during walking are present in subjects with knee 

osteoarthritis. Osteoarthritis and Cartilage, 10(7), 573-579.

Brophy, R. H., & Fillingham, Y. A. (2022). AAOS clinical practice guideline summary: Management 

of osteoarthritis of the knee (nonarthroplasty). Journal of the American Academy of Orthopaedic 

Surgeons, 30(9), e721-e729.

Brosseau, L., Wells, G. A., Tugwell, P., Egan, M., Wilson, K. G., Dubouloz, C. J., Casimiro, 

L., Robinson, V. A., McGowan, J., Busch, A., Poitras, S., Moldofsky, H., Harth, M., Finestone, 

H. M., Nielson, W., Haines-Wangda, A., Russell-Doreleyers, M., Lambert, K., Marshall, 

A. D., Veilleux, L., & Ottawa Panel Members. (2008). Ottawa panel evidence-based clinical 

practice guidelines for strengthening exercises in the management of fibromyalgia: Part 2. 

Physical Therapy, 88(7), 873-886. 

Chen, H., Zheng, X., Huang, H., Liu, C., Wan, Q., & Shang, S. (2019). The effects of a homebased 

exercise intervention on elderly patients with knee osteoarthritis: A quasiexperimental study. 

BMC Musculoskeletal Disorders, 20(1), 160.

Chen, W., Xue, Z., Sun, J., Jia, Z., Fu, F., Zhao, Y., Song, M., Ye, H., & Wang, C. (2020). 

Traditional CHINESE patent medicine for knee osteoarthritis pain: Systematic review. 

Osteoarthritis and Cartilage, 28, S150-S151. 

French, H. P., Abbott, J. H., & Galvin, R. (2022). Adjunctive therapies in addition to land-based 

exercise therapy for osteoarthritis of the hip or knee. Cochrane Database of Systematic Reviews, 

10, CD011915.

Germanou, E. I., Chatzinikolaou, A., Malliou, P., Beneka, A., Jamurtas, A. Z., Bikos, C., Tsoukas, 

D., Theodorou, A., Katrabasas, I., Margonis, K., & Douroudos, I. (2013). Oxidative stress 

and inflammatory responses following an acute bout of isokinetic exercise in obese women 



 Effects of Community Exercise Rehabilitation on Pain Management, Range of Motion, and Physical Function in Knee Osteoarthritis

The Journal of Transdisciplinary Studies, Vol.7, No.3, December 2023 󰠛 335

with knee osteoarthritis. Knee, 20(6), 581-590. 

Hamed, A., Bohm, S., Mersmann, F., & Arampatzis, A. (2018). Exercises of dynamic stability 

under unstable conditions increase muscle strength and balance ability in the elderly. 

Scandinavian Journal of Medicine & Science in Sports, 28, 961–971. 

Health Insurance Review and Assessment Service. 2021. Health Insurance Statistical Yearbook Data. 

<https://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020045020000/&brdScnBltNo=4&br

dBltNo=2314&pageIndex=1&pageIndex2=1>. 

Hurley, M., Dickson, K., Hallett, R., Grant, R., Hauari, H., Walsh, N., Stansfield, C., & Oliver, 

S. (2018). Exercise interventions and patient beliefs for people with hip, knee or hip and 

knee osteoarthritis: A mixed methods review. Cochrane Database of Systematic Reviews, 

4(4), CD010842. 

Jeong, H. S., Lee, S. C., Jee, H., Song, J. B., Chang, H. S., & Lee, S. Y. (2019). Proprioceptive 

training and outcomes of patients with knee osteoarthritis: A meta-analysis of randomized 

controlled trials. Journal of Athletic Training, 54(4), 418–428.

Jones, C. J., Rikli, R. E., & Beam, W. C. (2006). A 30-s chair-stand test to measure lower body 

strength in community-residing older adults. Journal of Aging and Physical Activity, 8, 85.

Kim, E. J., Shon, J. W., & Kim, S. Y. (2021). The effect of combined exercise program based 

on transtheoretical model for older adults with chronic pain syndrome. Journal of Wellness, 

16(3), 417-423. 

Lee, J. C., & Park, G. D. (2013). Review of rehabilitation exercise for elderly with degenerative 

knee osteoarthritis. The Korean Journal of Growth and Development, 21(3), 171-183.

McAlindon, T., Zhang, Y., Hannan, M., Naimark, A., Weissman, B., Castelli, W., & Felson, D. 

(1996). Are risk factors for patellofemoral and tibiofemoral knee osteoarthritis different?. 

The Journal of Rheumatology, 23(2), 332-337.

Panunzi, S., Maltese, S., De Gaetano, A., Capristo, E., Bornstein, S. R., & Mingrone, G. (2021). 

Comparative efficacy of different weight loss treatments on knee osteoarthritis: A network 

meta-analysis. Obesity Reviews, 22, e13230.

Park, J. S., Choi, Y. M., Lee, J. W., & Na, S. H. (2023). Literature review on the effects of 

rehabilitation exercise on patients with knee joint injury. International Journal of Coaching 

Science, 25(3), 169-176.

Raposo, F., Ramos, M., & Lúcia Cruz, A. (2021). Effects of exercise on knee osteoarthritis: A 

systematic review. Musculoskeletal Care, 19(4), 399-435. 

Reider, B., Arcand, M. A., & Diehl, L. H. (2003). Proprioception of the knee before anterior cruciate 

ligament reconstruction. Arthroscopy, 19, 2-12.

Rejeski, W. J., Focht, B. C., & Messier, S. P. (2002). Obese, older adult with knee osteoarthritis: 

Weight loss, exercise and quality of life. Health Psychology, 21(5), 419-426.

Riemann, B. L., & Lepharts, S. M. (2002). The sensorimotor system, part Ⅱ: The role of proprioception 

in motor control and functional joint stability. Journal of Athletic Training, 37(1), 80-84.

Rikli, R. E., & Jones, C. J. (1999). Development and validation of a functional fitness test for 

community-residing older adults. Journal of Aging and Physical Activity, 7(2), 129–161. 

Rose, D., Jones, C., & Lucchese, N. (2002). Predicting the probability of falls in community-residing 



In-Seon Kwon & Ji-Youn Kim

336

older adults using the 8-foot up and- go: A new measure of functional mobility. Journal 

of Aging and Physical Activity, 10(4), 466-475.

Różańska-Kirschke, A., Kocur, P., Wilk, M., & Dylewicz, P. (2006). The fullerton fitness test 

as an index of fitness in the elderly. Medical Rehabilitation, 10(2), 9-16.

Sañudo, B., González-Navarrete, Á., Álvarez-Barbosa, F., De Hoyo, M., Del Pozo, J., & Rogers, 

M. E. (2019). Effect of flywheel resistance training on balance performance in older adults. 

A randomized controlled trial. Journal of Sports Science & Medicine, 18(2), 344–350. 

Sinatti, P., Sánchez Romero, E. A., Martínez-Pozas, O., & Villafañe, J. H. (2022). Effects of patient 

education on pain and function and its impact on conservative treatment in elderly patients 

with pain related to hip and knee osteoarthritis: A systematic review. International Journal 

of Environmental Research and Public Health, 19(10), 6194.

Yang, Y., Li, S., Cai, Y., Zhang, Q., Ge, P., Shang, S., & Han, H. (2023). Effectiveness of tele-

health-based exercise interventions on pain, physical function and quality of life in patients 

with knee osteoarthritis: A meta-analysis. Journal of Clinical Nursing, 32(11-12), 2505-2520.


