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Balance Exercises as a Fundamental Aspect 
of Functional Recovery in patients with Knee 
Osteoarthritis: A Systematic Review
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INTRODUCTION
Millions of people globally suffer from knee OA, a widespread 
progressive joint disorder that primarily affects older people [1,2]. 
Knee OA, which is characterised by pain, stiffness, and cartilage 
degradation, has a major negative influence on mobility and general 
quality of life [3-5]. People find it more difficult to do everyday tasks 
like standing, walking, and climbing stairs as the illness worsens 
[6-8]. This increasing burden emphasises the necessity of efficient 
management techniques to reduce symptoms and enhance 
functional results for individuals with OA in the knee.

Exercise-based therapies are often advised for the treatment of 
knee OA, especially strength and aerobic exercises [8-12]. Though 
they can help with unstable joints and proprioceptive deficiencies, 
which are frequent in this population, balancing exercises have not 
been emphasised as much in the overall picture of knee OA [13,14]. 
The neuromuscular system is the focus of balance exercises, which 
improve posture control, coordination, and functional stability- all 
of which are essential for preserving joint health and reducing the 
chance of falling [15-17]. For those with knee OA, incorporating 
balance training may be crucial to improve physical function.

Knee OA affects millions of individuals globally and is characterised 
by pain, reduced mobility, and functional limitations. Strength training, 
joint preservation, and pain control are frequently the main goals 
of traditional knee OA care techniques [18,19]. However, the role 
of balancing exercises as a supplemental intervention to improve 
postural stability and treat proprioceptive deficits both of which 
are commonly affected in people with knee OA has drawn more 
attention. Balance exercises may provide a special therapeutic benefit 
for these individuals, who frequently have impaired neuromuscular 
control and an increased risk of falls [20,21].

Considering the importance of balancing for joint protection and 
mobility, the lack of focused research on the particular impacts of 
balance exercises in knee OA is a major gap. Few studies have singled 
out balance training to be a crucial component for treating knee OA 
symptoms, despite several investigating general exercise therapies 
[9,11,22]. This discrepancy emphasises the need for additional 
studies on the direct impacts of targeted balance exercises on the 
pain, stiffness, and functional abilities of people with OA in the knee.

A comprehensive review is necessary for an adequate understanding 
of the current state of information regarding the effect of balancing 
exercises on knee OA symptoms. Knee OA is a common ailment 
that impairs quality of life and is characterised by stiffness, joint pain, 
and decreased mobility. To address proprioceptive impairments and 
functional instability in people with knee OA, current research has 
investigated balance training as a supplemental intervention. Traditional 
therapies often centre on alleviating pain and strengthening exercises. 
Nevertheless, there is still conflicting and dispersed evidence about 
its efficacy. Through an analysis of recent data, this study seeks to 
synthesise the results, pinpoint knowledge gaps, and offer a more 
comprehensive understanding of the function of balancing exercises 
in the management of knee OA. Such a review is required to direct 
professional practice and future research to ensure evidence-based 
treatments for this common and debilitating ailment.

This study aims to investigate and gather information on the outcome 
of balance exercises on knee OA symptoms, specifically functional 
ability. By filling this knowledge gap, the results could help guide 
therapeutic practice by shedding light on whether or not balancing 
exercises ought to be included in routine rehabilitation regimens for 
knee OA. If proven beneficial, balance training could be a simple, 
low-cost intervention to enhance functional capacity and quality of 
daily life for those with knee OA.
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ABSTRACT
Introduction: Osteoarthritis (OA) in the knee causes pain, stiffness, 
and instability, which reduces mobility and quality of life. Exercises 
for balance are crucial for knee OA because instability caused 
by OA increases the risk of falls and functional loss. Exercises 
for balance may help increase mobility, reduce discomfort, and 
stabilise joints, but traditional therapies may not fully address 
these issues.

Aim: To examine the effect of balancing exercises on functional 
capacity, a sign of OA in the knee.

Materials and Methods: Reputable search engines like Web 
of Science (WoS), Embase, PubMed and Google Scholar were 
used to collect academic literature. To find solutions to the 
study questions, the literature search was conducted using 
“proprioception,” “pain,” “function,” “knee OA,” “balance 
training,” and “quality of life” as keywords. A 100 papers were 
chosen for this systematic evaluation. They were thoroughly 

examined in accordance with the PRISMA principles. Thirteen 
studies were included in the final analysis. The Risk of Bias 
(RoB) in the included studies was assessed using the Quality 
in Prognosis Studies (QUIPS) instrument and Cochrane risk of 
bias assessment tool.

Results: Exercises for balance can successfully improve 
functional ability in patients with OA in the knee because they 
strengthen supporting muscles and enhance postural control. 
Balance exercises place less load on the knee joint than 
high-impact workouts while improving muscle activation and 
proprioceptive sensitivity around it. When treating OA, balance 
exercises are a safe, non-invasive method to increase a patient’s 
mobility and quality of life. Clinically, they might reduce the risk 
of falls and enhance functional outcomes.

Conclusion: People with OA in their knees can function better 
with balance exercises. This training may be an easy and 
affordable way to improve their functional ability and quality of life.
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Risk of Bias (RoB) Assessment
This systematic review evaluated the RoB in the included studies 
using the QUIPS instrument and Cochrane risk of bias assessment 
tool. It has six main areas of bias. By assisting in the identification 
of potential biases that can compromise the validity and reliability of 
the results, the use of QUIPS guarantees a thorough evaluation of 
methodological quality [23]. The paper was categorised as low RoB 
(green) if all domains were categorised as having low RoB or up to 
one moderate RoB. This publication was identified as having a high 
RoB (red) if one or more domains were categorised as having a high 
RoB or ≥3 as having a moderate RoB. Every subsequent paper was 
categorised as having a moderate RoB (yellow). The Cochrane RoB 
tool is used for assessing the risk of bias in Randomised controlled 
trials. It is structured into a fixed set of domains of bias, focussing on 
different aspects of trial design, conduct, and reporting [24].

RESULTS
The investigation of the effects of performing balance exercises on 
OA of the knee is presented in the [Table/Fig-2] [25-33].

How Balance Exercises will Impact the Functional 
Limitation of the Affected Person
Because joint pain, stiffness, and oedema limit movement and everyday 
activities, OA in the knee significantly affects functional ability [34,35]. 
Joint mechanics are hampered by cartilage degradation and alterations 
in surrounding tissues, making it difficult to walk, climb stairs, and get 
out of a seated posture [36,37]. Muscle weakening and proprioceptive 
impairments further impair stability and balance, raising the risk of 
falls and reducing physical independence [38]. These limitations 
ultimately result in a decline in the standard of life and activity levels, 
which hastens the onset of OA [38]. Therefore, a thorough examination 
of the mechanism underlying the alleviation of functional limits in 
individuals with knee OA was required. The examination of the 
included research articles is enclosed in the [Table/Fig-3] [39-42].

By addressing deficiencies in stability, proprioception, and muscle 
strength- all of which are prominent in OA due to joint degradation and 
related symptoms including pain and stiffness, balance exercises help 
alleviate functional limits in knee OA. By lowering IL-6, physical activity- 
including balancing exercises- has anti-inflammatory effects that 
indirectly improve joint function and decrease the progression of illness.

The QUIPS tool assesses the RoB in prognostic studies across 
six domains, including study participation, attrition, and outcome 
measurement. The results of the QUIPS assessment tool have been 
presented in [Table/Fig-4] [27,29,39,42].

DISCUSSION
The review’s findings suggest that enhancing functional capacities 
in individuals with OA of the knee requires balance exercises. Knee 
OA frequently results in proprioceptive deficiencies and decreased 
joint stability, which affect daily functional tasks like standing, 
walking, and negotiating uneven terrain [43]. Smoother and more 
stable movement patterns are made possible by balance exercises, 
which address these deficiencies by enhancing joint alignment, 
coordination, and postural control [44,45]. According to the review’s 
studies, patients may perform everyday tasks more easily and 
safely by doing balance exercises, which also dramatically reduce 
discomfort and improve mobility.

For individuals with knee OA, especially those with severe symptoms 
or limited mobility, balance training provides clear advantages over 
more conventional therapies like strength training and minimal-
impact aerobic exercises [46,47]. Balance exercises improve 
activation of muscles and proprioceptive sensitivity around the 
knee joint while putting less strain on it than high-impact workouts 
[48,49]. For a variety of OA patients, including those who may 
have functional impairments that limit their capacity to undertake 

Research questions:

Research questions are based on the PICO framework.

 Is balance exercise helpful in knee OA in improving functional 
ability?

 If balancing exercises are beneficial, what is the process by 
which the advantages are generated?

MATERIALS AND METHODS
This systematic review used information from WoS, Embase, 
PubMed and Google Scholar to examine how balance training 
affected the symptoms of OA in the knee. The review complied with 
PRISMA regulations.

Search Strategy
The PubMed, WoS, Embase, and Google Scholar databases were 
thoroughly searched with an emphasis on research released up until 
July 2024. Among the search terms were “proprioception,” “pain,” 
“function,” “knee OA,” “balance training,” and “quality of life.” The 
search was narrowed down by Boolean operators (AND, OR). 
Included were only human subject studies conducted in English.

inclusion and Exclusion criteria: For inclusion, peer-reviewed 
English-language studies evaluating the effects of balance training 
on knee OA symptoms, such as pain, function, or balance, were 
needed. The analysis includes studies conducted between 2000 
and 2024. Studies that concentrated on non-OA circumstances, 
non-balance therapies, case studies, reviews, or animal research 
were excluded. Focused clinical research questions are created 
using the PICO framework, which facilitates the structuring of 
questions for evidence-based practice.

Selection of the Paper
Abstracts and titles were thoroughly examined. To verify eligibility, 
full-text publications from pertinent studies were examined. A 100 
papers were chosen for this systematic evaluation after a thorough 
examination of publications related to our main keywords. Based 
on the inclusion and exclusion criteria that demonstrated their 
eligibility, these papers were selected for the investigation. [Table/
Fig-1] displays a visual representation of the resultant search results 
for this analysis.

[Table/Fig-1]: PRISMA framework.
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author
Place/Year of 

study aim of the study
Study design

outcome measures Sample size Findings Limitations

Jahanjoo F 
et al., [25]

Imam Reza 
Hospital, Iran 
(2019)

To assess how well 
balance training works 
for patients with knee 
OA when combined 
with physical modalities.

Randomised 
controlled trial 

(RCT)

Western Ontario and 
McMaster Universities 
OA (WOMAC), Timed 
Up and Go (TUG) 
test Lequesne index, 
Biodex Medical 
Systems (BBS), Visual 
Analogue Scale (VAS)

60

The balance 
training group 
improved their 
functional abilities 
and reduced their 
discomfort more.

Long-term follow-up 
was absent. Other 
study limitations 
include the absence 
of a control group 
receiving no therapy 
and the use of drugs 
other than those 
included in the 
exclusion criteria.

Ince B et al., 
[26]

Izmir Bozyaka 
Training and 
Research Hospital, 
Turkey (2022)

To look into how 
proprioception and 
balance activities affect 
people with OA in their 
knees.

A randomised 
trial with three 
parallel arms

Overall stability index 
and the modified 
Clinical Test of 
Sensory Interaction 
and Balance, 30-s 
chair stand test and 
40-metre fast-paced 
walk test, VAS, 
Knee Injury and 
OA Outcome Score 
(KOOS)

89

Dynamic balance 
and movement 
pain may be 
improved more by 
biodex training and 
traditional exercise, 
respectively.

Studies with higher 
sample numbers are 
necessary.

Rogers MW et 
al., [27]

Florida, USA (2011)

To ascertain whether 
Kinaesthesia, Balance, 
and Agility (KBA) 
exercises, isolated from 
strength training, could 
enhance function in 
individuals with OA in 
the knee.

Pilot study

WOMAC scale, the 
Self-Efficacy for 
Exercise (SEE) scale, 
the Human Activity 
Profile (HAP)

20

A brief regimen 
of exercises for 
agility and balance 
may improve 
physical function, 
lessen knee 
instability, and 
increase physical 
activity levels.

Small sample size.

Takacs J et al., 
[28]

Canada (2017)

To look into the effects 
of a targeted balance 
training programme 
on those with medial 
compartment knee OA’s 
self-reported functional 
abilities and dynamic 
balance.

RCT 

WOMAC scale, 
Community Balance 
and Mobility Scale 
(CB&M)

40

Self-reported 
knee discomfort, 
physical 
performance, and 
fear of movement 
have all improved; 
however, the 
CB&M did not 
show any change 
in dynamic 
balance.

No research has been 
done on objective 
measures of balance.

Al-Khlaifat L et 
al., [29]

United Kingdom, 
(2016)

To examine how well 
a lower extremity 
muscle group exercise 
programme combined 
with dynamic balance 
education utilising the 
Star Excursion Balance 
test (SEBT) works for 
knee OA.

Experimental 
pilot study 

design

Star Excursion 
Balance Test

14

Because people 
with knee OA 
are more likely to 
fall as they age 
and experience 
changes from 
their condition, 
this programme 
may be able to 
lower the rate of 
falls by improving 
their dynamic 
balance.

A disadvantage of this 
study is that it used 
an experimental pilot 
design with limited 
participants and 
three individuals had 
clinical evaluations of 
knee OA rather than 
radiographic ones. 

Diracoglu D et 
al., [30]

Turkey, (2005)

Examining how 
kinaesthesia and 
balance training can 
help people with knee 
OA in the short term.

RCT

WOMAC, 
proprioceptive 
sensation levels, SF-
36 Form, isokinetic 
quadriceps muscle 
strength, times for 
performing activities 
of daily living

66

Exercises for 
balance and 
kinaesthesia have 
been shown to 
have additively 
positive effects on 
knee OA.

Long-term 
effectiveness is not 
quantified.

Rogers MW et 
al., [31]

Florida, USA, 
(2012)

To find out if 
Kinaesthesia, Balance, 
and Agility (KBA) 
exercises performed at 
home could help people 
with knee OA who were 
at least 50 years old 
with their symptoms.

RCT

community activity 
level, 15 m Get Up 
and Go walk (GUG), 
self-report knee 
stability, and WOMAC 
exercise self-efficacy

33

These findings 
suggest that 
home exercise 
regimens involving 
KBA, RT, or a 
combination can 
effectively improve 
the symptoms 
and quality of life 
of individuals with 
knee OA.

This study does not 
provide information 
on other functional 
measurements, such 
as stair climbing 
or biomechanical 
assessments of gait 
quality. Additionally, 
there is no 
measurement of lower 
extremity strength.

Tirasci E et al., 
[32]

Adana, Turkey, 
(2020-2021)

To determine how well 
balancing exercises 
affected individuals with 
OA in the knees in terms 
of balance, functional 
status, pain, and central 
sensitisation.

RCT

VAS, WOMAC, 
Central Sensitisation 
Inventory (CSI), Berg 
Balance Scale, and Y 
Balance Test

40

For individuals 
with knee OA, 
balancing 
exercises may 
help with dynamic 
balance, central 
sensitisation, pain 
during activity, 
and function.

Long-term follow-
up was not done. 
Information on the 
participants’ normal 
exercise routines 
and dietary health is 
lacking. A placebo 
group could not be 
established, and the 
participants were not 
blind to the treatment.
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other exercises, this makes them both accessible and beneficial. 
Additionally, studies demonstrate that balancing exercises can be 
successfully integrated with other therapy modalities to create a 
holistic programme that optimises gains in strength and mobility [50].

The variety of balance training methods used in different research 
was one of the review’s difficulties. It was challenging to make 
direct comparisons because of the wide variations in the length, 
frequency, and kind of balance exercises. Simple static balancing 
exercises were part of some therapies, whereas dynamic and 
intricate functional activities were part of others. This variation 
emphasises the necessity of consistent protocols to maximise 
balance training for the rehabilitation of knee OA. Furthermore, there 
were differences in the studies’ methodological quality. Findings from 
a few of the studies were not as broadly applicable because they 
lacked sufficient sample sizes or thorough explanations of exercise 
regimens. For more proof, future studies should concentrate on 
extensive, superior randomised controlled trials with clearly defined 
balance training regimens.

Limitation(s)
Despite these benefits, several limitations in the available data make 
it challenging to assess the lasting impact of balance training on 
functional ability, particularly when it comes to the range of exercise 
routines and short follow-up times. Future studies with standardised 
protocols, larger sample sizes, and longer follow-up periods would 
strengthen the body of data and clarify the long-run advantages of 
balancing exercise for knee OA. All things considered, the evaluation 
emphasises balance exercises as a viable, low-risk method of 
enhancing functional results in patients with knee OA, indicating that 
they might be useful elements of multidisciplinary OA care plans.

CONCLUSION(S)
In conclusion, for people with OA in their knees, balance exercises 
are essential for enhancing their functional abilities and general 
quality of life. These exercises enhance mobility, reduce discomfort, 
and lower the risk of falls, that frequent in this population, by 
improving muscle coordination, joint stability, and proprioception. 
An affordable, non-invasive, and easily accessible method of treating 
knee OA is to include balance training in rehabilitation programmes. 
To maximise results for a variety of patient groups, future research 
should concentrate on refining exercise regimens, evaluating long-
term advantages, and investigating tailored therapies.
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stiffness and difficulties in performing daily activities on the quality of life of older patients 
with knee osteoarthritis. Int J Environ Res Public Health. 2022;19(24):16815.

 Pang J, Cao YL, Zheng YX, Gao NY, Wang XZ, Chen B, et al. Influence of pain [4]
severity on health-related quality of life in Chinese knee osteoarthritis patients. 
Int J Clin Exp Med. 2015;8(3):4472.

 Hafez AR, Alenazi AM, Kachanathu SJ, Alroumi AM, Mohamed ES. Knee [5]
osteoarthritis: A review of literature. Phys Med Rehabil Int. 2014;1(5):8.

 Kao MH, Tsai YF. Illness experiences in middle-aged adults with early-stage knee [6]
osteoarthritis: Findings from a qualitative study. J Adv Nurs. 2014;70(7):1564-72.

 Suzuki Y, Iijima H, Aoyama T. Pain catastrophizing affects stair climbing ability in [7]
individuals with knee osteoarthritis. Clin Rheumatol. 2020;39:1257-64.

 Ogunbode AM, Adebusoye LA, Olowookere OO, Alonge TO. Physical functionality [8]
and self-rated health status of adult patients with knee osteoarthritis presenting 
in a primary care clinic. Ethiop J Health Sci. 2014;24(4):319-28.

 Raposo F, Ramos M, Lúcia Cruz A. Effects of exercise on knee osteoarthritis: [9]
A systematic review. Musculoskeletal Care. 2021;19(4):399-435.

Chen Z et al., 
[33]

Guangzhou, China, 
(2021)

To look into how 
backward walking 
affected KOA patients’ 
static stability, 
proprioception, pain, 
and physical function.

RCT WOMAC, NRS 32
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reduced more 
when backward 
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was combined 
with traditional 
treatment.

An extended period of 
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[Table/Fig-2]: Analysis to determine the impact of balance exercises on knee OA [25-33].

author aim of the study Study design outcome measures Sample size Findings Limitations

Tunay V et 
al., [39]

To ascertain the effects of 
proprioceptive and strength exercise 
programmes, both at home and in 
hospitals, on pain, proprioception, and 
functional ability in patients with OA of 
the knee.

Comparative

WOMAC, VAS, 
Monitorised Functional 
Squat System-
Proprioceptive Test 
(MFSS), TUG 

60

When WOMAC, TUG test scores, 
and pain intensity were assessed 
before and after therapy, both groups 
showed a significant improvement. 
Proprioceptive measures improved 
more in the hospital-based group.

Long-term 
effects are not 
studied

Braghin RD 
et al., [40]

To evaluate the function and balance 
of individuals with and without knee OA 
and look into the impact of exercise.

RCT WOMAC 42
Both function and discomfort have 
improved in knee OA

Samples are 
limited

Levinger P 
et al., [41]

To compare the feasibility, safety, and 
patient satisfaction of a high-speed 
resistance workout programme along 
with or without balance exercises to a 
control group in patients with knee OA.

RCT
WOMAC, Numerical 
Pain Rating Scale

30
Exercises for balance help reduce falls 
and enhance proprioception and pain.

Small sample 
size and shorter 
duration as the 
study is a pilot 
study

Aguiar GC 
et al., [42]

To ascertain how an exercise 
therapy regimen affects inflammatory 
indicators, pain perception, and 
physical performance in knee OA.

Longitudinal
Interleukin-6 (IL-6), 
WOMAC, VAS

22
Pain and function have improved, and 
IL-6 has decreased.

Small sample 
size

[Table/Fig-3]: Analysis to identify the process by which functional ability is enhanced by balance exercises [39-42].

Study
Study participation 

bias attrition bias
Prognostic factor 
measurement bias

outcome measurement 
bias

Study cofounding 
bias

Statistical analysis 
and reporting bias

Rogers MW et al., [27] Low High Moderate Low High High

Al-Khlaifat L et al., [29] Moderate Low Moderate Low Moderate Moderate

Tunay V et al., [39] Low Low Low Low Moderate Low

Aguiar GC et al., [42] Low Low Moderate Low Moderate Low

[Table/Fig-4]: Risk of Bias (RoB) assessment [27,29,39,42].



Trishna Kakati and Swapnav Borthakur, Balance Exercises for Functional Recovery in Knee Osteoarthritis: A Review www.jcdr.net

Journal of Clinical and Diagnostic Research. 2025 Mar, Vol-19(3): YC38-YC424242

ParTiCuLarS oF ConTriBuTorS:
1. PhD Scholar, Department of Physiotherapy, Assam Down Town University; Assistant Professor, The Assam Royal Global University, Guwahati, Assam, India.
2. Head, Department of Family Medicine, Down Town Hospitals, Guwahati, Assam, India.

PLaGiariSM ChECKinG METhoDS: [Jain H et al.]

•  Plagiarism X-checker: Dec 20, 2024
•  Manual Googling: Feb 14, 2025
•  iThenticate Software: Feb 22, 2025 (9%)

ETYMoLoGY: Author OriginnaME, aDDrESS, E-MaiL iD oF ThE CorrESPonDinG auThor:
Trishna Kakati,
NH 37, Opposite Tirupati Balaji Temple, Betkuchi, Guwahati, Assam, India.
E-mail: kakati.trishna@gmail.com

Date of Submission: Dec 19, 2024
Date of Peer Review: Jan 08, 2025
Date of Acceptance: Feb 24, 2025

Date of Publishing: Mar 01, 2025

auThor DECLaraTion:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  No

EMEnDaTionS: 7

 Nguyen C, Lefèvre-Colau MM, Poiraudeau S, Rannou F. Rehabilitation (exercise [10]
and strength training) and osteoarthritis: A critical narrative review. Ann Phys 
Rehabil Med. 2016;59(3):190-95.

 Golightly YM, Allen KD, Caine DJ. A comprehensive review of the effectiveness [11]
of different exercise programs for patients with osteoarthritis. Phys Sportsmed. 
2012;40(4):52-65.

 Skou ST, Pedersen BK, Abbott JH, Patterson B, Barton C. Physical activity and [12]
exercise therapy benefit more than just symptoms and impairments in people 
with hip and knee osteoarthritis. J Orthop Sports Phys Ther. 2018;48(6):439-47.

 Sharma L. Proprioceptive impairment in knee osteoarthritis. Rheum Dis Clin. [13]
1999;25(2):299-314.

 Kaya D, Calik M, Callaghan MJ, Yosmaoglu B, Doral MN. Proprioception after [14]
knee injury, surgery and rehabilitation. In: Kaya D, Yosmaoglu B, Doral M. (eds) 
Proprioception in Orthopaedics, Sports Medicine and Rehabilitation. Springer, 
Cham. 2018. p. 123-42.

 Nascimento MD. Fall in older adults: Considerations on balance regulation, postural [15]
strategies, and physical exercise. Geriatr Gerontol Aging. 2019;13(2):103-10.

 Takacs J, Carpenter MG, Garland SJ, Hunt MA. The role of neuromuscular [16]
changes in aging and knee osteoarthritis on dynamic postural control. Aging Dis. 
2013;4(2):84.

 Singh OP, Gambhir IS, Singh G, Saraf SK, Deshpande SB, Singh TB. The effect [17]
of “Structured Neuro-muscular Postural Training” in balance modulation and fall 
prevention strategy in osteoarthritis knee. J Exerc Sci Physiother. 2015;11(1):42-51.

 Uivaraseanu B, Vesa CM, Tit DM, Abid A, Maghiar O, Maghiar TA, et al. [18]
Therapeutic approaches in the management of knee osteoarthritis. Exp Ther 
Med. 2022;23(5):01-06.

 Minor MA. Exercise in the treatment of osteoarthritis. Rheum Dis Clin North Am. [19]
1999;25(2):397-415.

 Mat S, Tan MP, Kamaruzzaman SB, Ng CT. Physical therapies for improving [20]
balance and reducing falls risk in osteoarthritis of the knee: A systematic review. 
Age Ageing. 2014;44(1):16-24.

 Zeng CY, Zhang ZR, Tang ZM, Hua FZ. Benefits and mechanisms of exercise [21]
training for knee osteoarthritis. Front Physiol. 2021;12:794062.

 Bennell KL, Hinman RS. A review of the clinical evidence for exercise in [22]
osteoarthritis of the hip and knee. J Sci Med Sport. 2011;14(1):04-09.

 Grooten WJA, Tseli E, Äng BO, Boersma K, Stålnacke BM, Gerdle B, et al. Elaborating [23]
on the assessment of the risk of bias in prognostic studies in pain rehabilitation using 
QUIPS—aspects of interrater agreement. Diagn Progn Res. 2019;3:01-11.

 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The [24]
Cochrane Collaboration's tool for assessing risk of bias in randomised trials. Br Med 
J. 2011 Oct 18;343:d5928. doi: 10.1136/bmj.d5928.

 Jahanjoo F, Eftekharsadat B, Bihamta A, Babaei-Ghazani A. Efficacy of balance [25]
training in combination with physical therapy in rehabilitation of knee osteoarthritis: 
A randomized clinical trial. Crescent J Med Biol Sci. 2019;6(3):225-334.

 Ince B, Goksel Karatepe A, Akcay S, Kaya T. The efficacy of balance and [26]
proprioception exercises in female patients with knee osteoarthritis: A randomized 
controlled study. Clin Rehabil. 2023;37(1):60-71.

 Rogers MW, Tamulevicius N, Coetsee MF, Curry BF, Semple SJ. Knee [27]
osteoarthritis and the efficacy of kinesthesia, balance & agility exercise training: 
A pilot study. Int Jexerc Sci. 2011;4(2):124.

 Takacs J, Krowchuk NM, Garland SJ, Carpenter MG, Hunt MA. Dynamic balance [28]
training improves physical function in individuals with knee osteoarthritis: A pilot 
randomized controlled trial. Arch Phys Med Rehabil. 2017;98(8):1586-93.

 Al-Khlaifat L, Herrington LC, Tyson SF, Hammond A, Jones RK. The effectiveness [29]
of an exercise programme on dynamic balance in patients with medial knee 
osteoarthritis: A pilot study. Knee. 2016;23(5):849-56.

 Diracoglu D, Aydin R, Baskent A, Celik A. Effects of kinesthesia and balance [30]
exercises in knee osteoarthritis. J Clin Rheumatol. 2005;11(6):303-10.

 Rogers MW, Tamulevicius N, Semple SJ, Krkeljas Z. Efficacy of home-based [31]
kinesthesia, balance & agility exercise training among persons with symptomatic 
knee osteoarthritis. J Sports Sci Med. 2012;11(4):751.

 Tirasci E, Sarpel T, Coskun Benlidayi I, Deniz V. The effect of balance exercises [32]
on central sensitization in patients with knee osteoarthritis. Rheumatol Inter. 
2024;44(5):795-804.

 Chen Z, Ye X, Wang Y, Shen Z, Wu J, Chen W, et al. The efficacy of backward [33]
walking on static stability, proprioception, pain, and physical function of patients 
with knee osteoarthritis: A randomized controlled trial. Evid Based Complement 
Alternat Med. 2021;2021(1):5574966.

 Creamer P, Lethbridge-Cejku M, Hochberg MC. Factors associated with functional [34]
impairment in symptomatic knee osteoarthritis. Rheumatol. 2000;39(5):490-96.

 Ivchenko AO, Kanygina SM, Cherepok OO. Rehabilitation of diseases and [35]
lesions of the musculoskeletal system. [dissertation on the Internet]; Ukraine: 
Zaporizhzhia State Medical University; 2023.

 Komaris DS. Movement strategy identification in activities of daily living: A clinical [36]
investigation of knee bearings [dissertation on the Internet]; Glasgow: University 
of Strathclyde; 2018.

 Sturnieks DL, St George R, Lord SR. Balance disorders in the elderly. Neurophysiol [37]
Clin. 2008;38(6):467-78.

 Vignon É, Valat JP, Rossignol M, Avouac B, Rozenberg S, Thoumie P, et al. [38]
Osteoarthritis of the knee and hip and activity: A systematic international review 
and synthesis (OASIS). Joint Bone Spine. 2006;73(4):442-55.

 Tunay V, Baltaci G, Atay A. Hospital-based versus home-based proprioceptive [39]
and strengthening exercise programs in knee osteoarthritis. Acta Orthop 
Traumatol Turc. 2010;44(4):270-77.

 Braghin RD, Libardi EC, Junqueira C, Nogueira–Barbosa MH, de Abreu DC. [40]
Exercise on balance and function for knee osteoarthritis: A randomized controlled 
trial. J Bodyw Mov Ther. 2018;22(1):76-82.

 Levinger P, Dunn J, Bifera N, Butson M, Elias G, Hill KD. High-speed resistance [41]
training and balance training for people with knee osteoarthritis to reduce falls 
risk: Study protocol for a pilot randomized controlled trial. Trials. 2017;18:1-1.

 Aguiar GC, Do Nascimento MR, De Miranda AS, Rocha NP, Teixeira AL, Scalzo [42]
PL. Effects of an exercise therapy protocol on inflammatory markers, perception 
of pain, and physical performance in individuals with knee osteoarthritis. 
Rheumatol Int. 2015;35:525-31.

 Knoop J, Steultjens MP, Van der Leeden M, Van der Esch M, Thorstensson [43]
CA, Roorda LD, et al. Proprioception in knee osteoarthritis: A narrative review. 
Osteoarthritis Cartilage. 2011;19(4):381-88.

 Oddsson LI, Boissy P, Melzer I. How to improve gait and balance function in [44]
elderly individuals—compliance with principles of training. Eur Rev Aging Phys 
Activ. 2007;4:15-23.

 Horak FB. Postural orientation and equilibrium: What do we need to know about [45]
neural control of balance to prevent falls?. Age Ageing. 2006;35(Suppl_2):ii7-11.

 Sobhani V, Hashemi SE, Mir SM, Ghorbanpour A. Impact of proprioceptive [46]
exercises on pain, balance, and fall risk in the elderly with knee osteoarthritis: 
A randomized clinical trial. Cureus. 2024;16(10):e70885.

 Fitzgerald GK, Childs JD, Ridge TM, Irrgang JJ. Agility and perturbation training for a [47]
physically active individual with knee osteoarthritis. Phys Ther. 2002;82(4):372-82.

 Oh H, Lee S, Lee K, Choi J. The effects of visual feedback balance training on the [48]
pain and physical function of patients with chronic degenerative knee arthritis. 
J Phys Ther Sci. 2020;32(9):563-65.

 Goodall R. Effects of specific balance and agility training on risk of acute knee [49]
and ankle injuries in army recruits: A cluster-randomised controlled trial. Australia: 
Charles Sturt University, 2011. 323 p.

 Abdel-Fattah YH, Abdel Hamid MM, Metawaa SI, Eltawab SS. The effect of [50]
combined balance and strength exercise program in patients with different 
grades of primary knee osteoarthritis. Egypt Rheumatol Rehabil. 2023;50(1):52.

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

