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Abstract
Background: Walking, a closed kinetic chain (CKC) activity, is widely used in knee rehabilitation as it allows early
weight bearing and movement. It has been suggested that retro-walking may provide additional benefits beyond
those experienced by forward-walking. The present study will investigate the effect of retro- and forward-walking
on quadriceps muscle strength, pain, function, balance and mobility in knee Osteoarthritis (OA) subjects.
Methods/Design: Sixty-nine participants with knee OA will be recruited from the outpatient department in this
randomized controlled trial. The participants will be randomly assigned to one of three groups; retro walking,
forward walking or control group. The training program will be 3 days/week for 6 weeks. In addition, all the
participants will receive a standard physiotherapy training program. An independent assessor blinded to group
assignment will measure quadriceps muscle strength, knee pain intensity, functional disability, and mobility at
baseline and 6 weeks after training.
Discussion: The results of this study will enhance our understanding on the therapeutic effects of walking
(retro- or forward-walking) in knee OA. The findings from this study will help determine whether retro- or
forward-walking or both are effective in the rehabilitation of subjects with knee OA.
Trial registration: Controlled Trials ISRCTN12850845, Registered 26 January 2015.
Keywords: Osteoarthritis, Knee, Walking, Exercise

Background
Knee osteoarthritis (OA) causes chronic disability in the
older population worldwide [1, 2]. Its prevalence increases dramatically with age. Prevalence of radiographic
OA is estimated at 80 % of all adults at or over the age
of 65 years [3, 4]. The common impairments such as
knee pain, decreased functional mobility, quadriceps
strength, and stiffness leading to physical disability have
been associated with knee OA [5–7].
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In knee OA, the medial compartment is affected more
often than the lateral. This may be due to higher load
transfer through the medial compartment compared to the
lateral, thereby producing higher knee adduction torque. A
previous study suggested that the initial peak knee adduction torque during walking strongly predicted the severity
and rate of progression of medial knee OA [8].
The focus of knee rehabilitation exercise has gradually
shifted from open kinetic chain (OKC) to closed kinetic
chain (CKC) exercises, which are more functional and
could be safe and effective [9, 10]. In addition to increasing muscle strength, CKC exercise could also facilitate
joint position sense [11–13]. Walking, a CKC exercise, is
widely used in knee rehabilitation programs as it allows
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early weight bearing and mobilization. Published guidelines recommend regular walking exercises for individuals with knee OA [14]. Previous systematic review and
meta-analysis reported moderate effects of walking on
pain and function in people with knee OA [15]. Another
study reported improved function following supervised
walking and patient education with no adverse effects on
OA related symptoms [16]. It has been suggested that
retro-walking may provide additional benefits beyond
those experienced by forward walking in healthy adult
males and females [17, 18].
Retro-walking is considered a safe closed kinetic chain
exercise since the compressive forces at the patellofemoral joint are reduced [19]. Retro-walking reduces
quadriceps eccentric function, while the isometric and
concentric quadriceps strength are preserved [20–22].
Retro-walking training programs have been found to
increase quadriceps strength [22]. In addition, the
cardiopulmonary demand is higher during retro- walking
as compared to forward-walking [23, 24]. Therefore,
these advantages make retro-walking a safe and effective
component of rehabilitation programs.
Recently, Gondhalekar et al. [25] investigated the
effects of retro-walking on pain and physical function in
subjects with knee OA. They concluded that 3-weeks of
retro-walking as an adjunct to the conventional training
program significantly improved function in subjects with
knee OA. Another study reported improved postural
stability following long-term aerobic walking and weight
training programs in subjects with knee OA [26]. In
addition, Messier et al. [27] reported improved pain,
disability, and performance following combined walking
and weight training program in subjects with knee OA.
Furthermore, Evcik et al. [28] reported improved pain,
disability and quality of life following walking and homebased exercise in subjects with knee OA. In contrast,
Toda [29] reported worsening of symptoms following a
walking program in individuals with knee OA. However,
the participants in this study were obese women with
knee OA. Therefore, an increased intensity of pain in
these participants may be due to the weight bearing
nature of walking. The present study will investigate the
effect of retro- and forward-walking in quadriceps
muscle strength, pain, function, and mobility in subjects
with knee OA.
Hypotheses
 The retro-walking training will reduce pain and

improve quadriceps muscle strength, function, and
mobility in subjects with knee OA.
 The forward-walking training will reduce pain and
improve quadriceps muscle strength, function, and
mobility in subjects with knee OA.
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 The effects of the retro-walking will be greater

compared to forward-walking in improvements of
quadriceps muscle strength, pain, function, and
mobility in subjects with knee OA.

Methods/Design
Trial design

This trial is a three-arm assessor-blinded randomized
controlled trial (RCT) comparing retro-walking to forward-walking or control. All experiments will follow the
Declaration of Helsinki. The protocol follows the CONSORT guidelines for reporting of non-pharmacological
interventions [30].
Participants

Sixty-nine participants with knee OA as per the American
College of Rheumatology clinical and radiographic
diagnostic criteria will participate [31]. In addition, participants must be between the ages of 40–70 years, have a
body mass index (BMI) ≤ 29.9, and have a KellgrenLawrence radiographic grade of 1 –3 [32], as determined
by the physician, to exclude end-stage knee OA patients.
In case of bilateral knee involvement, the most symptomatic knee (as identified by the participant) will be evaluated. The participants will be excluded if they have a
history of knee surgery to either knee within past
3 months, a systemic arthritic condition, any other muscular, joint or neurological condition affecting lower limb
function, received physical therapy or an intra-articular
injection in the knee within the past 3 months.
Procedure

Figure 1 outlines the study phases. The participants who
have knee OA and fulfilled inclusion criteria will participate in this study.

Interventions
Standard physiotherapy program

All the participants will receive a supervised standard
physiotherapy training program at the outpatient physiotherapy department as reported in a previous study [33].
The exercise program will comprise a combination of
OKC and CKC exercises, including isometric quadriceps,
terminal knee extension, isometric hip adduction
exercise, straight leg raising exercise, leg press, and
semi-squat. In a recent systematic review, Anwer et al.
[34] reported the use of a combination of OKC and
CKC exercises in the management of subjects with knee
OA. All the participants will also receive Ultrasound
therapy (1.5 W/cm2 for 7 min in continuous mode)
around the knee joint before exercise. A previous study
suggested that the continuous mode of therapeutic
ultrasound is an effective and safe treatment modality in
reducing pain and improving function in subjects with
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Fig. 1 Flow of participants through each stage of the randomized trial

knee OA [35]. The participants will perform prescribed
exercises for 6 weeks (3 days/week) as previously
reported [33]. All the participants will be restricted to
perform a home exercise or walking program other than
the prescribed program.

up 30 min over the period of 6 weeks. In the warm up
and cool down periods, the patients will perform ankle
toe movements, hamstring and gastrocnemius-soleus
stretching, and heel raise exercises.
Control group

Retro-walking program

The participants in group A will undergo a supervised
10 min retro-walking training with 5 min of warm-up
and cool down period for 3 days a week for 6 weeks on
a flat surface at their comfortable speed along with a
standard physiotherapy program as mentioned above.
The participants will gradually increase the walking time
up to 30 min over the period of 6 weeks. In the warm
up and cool down periods, the subjects will perform
ankle toe movements, hamstring and gastrocnemiussoleus stretching, and heel raise exercises.

The participants in group C will receive only a supervised
standard physiotherapy program as mentioned above.
Outcome measures

Table 1 details the outcome measures that will be
assessed to determine treatment effects. The primary
outcome includes knee pain intensity and functional
disability. The secondary outcome includes quadriceps
muscle strength and functional mobility. All measurements will be taken at baseline (week 0), and at the end
of the intervention (week 6).

Forward-walking program

Measurement of quadriceps muscle strength

The participants in group B will undergo a supervised
10 min of forward-walking with 5 min of warm up and
cool down periods for 3 days a week for 6 weeks on a
flat surface at their comfortable speed along with a
standard physiotherapy program as mentioned above.
The participants will gradually increase the walking time

A Jamar hydraulic handheld dynamometer (Model,
SH5001; SAEHAN, Changwon, South Korea) will be
used to test quadriceps muscle performance. All the participants will be tested by the same physiotherapist. A
test-retest reliability of therapist’s dynamometer testing
will be established using 20 subjects over a period of 1
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Table 1 Summary of outcome measures will be used to
determine effectiveness of the treatment
Outcome

Measurement tool

Primary outcomes
Knee pain

NRS, Reduced WOMAC pain
subscale

Knee function

Reduced WOMAC physical
function subscale

Secondary outcomes
Isometric quadriceps muscle strength Hand held dynamometer
Functional mobility

Timed up and go test

NRS numeral rating scale, WOMAC Western Ontario and McMaster Universities
osteoarthritis index

week. The participants will be instructed to sit at the
edge of a treatment table with the knee in 600 of flexion
using a standard goniometer. The lever arm length will
be kept constant by placing the dynamometer close to
the ankle at a point 80 % of the distance between the
lateral malleolus and the lateral joint line of the knee.
Each participant’s pelvis will be stabilized by a belt
around the edge of the treatment table [36, 37].
The participants will perform four warm up contractions and will be asked to increase their knee extension
force gradually over 3 s. The participants will be instructed
to produce 50 % effort in the first three warm-ups and a
maximal contraction on the fourth warm-up. After that,
the participants will perform four maximal trials, and the
average of the four trials will be used for the analysis.
Measurement of pain intensity

Pain intensity will be assessed using a numerical rating
scale (NRS) [38]. The participants will indicate their pain
intensity on a scale of 0 to 10, with 0 (no pain) and 10
(worst pain).
Measurement of functional disability

Functional disability will be assessed using the English
version of the reduced Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). It consists
of two dimensions: pain (five items) and function (seven
items). The reliability and validity of the English version
of the reduced WOMAC function scale have been established. There are two versions available one has a visual
analogue response scale and the other a Likert five-point
response scale [39, 40]. In the present study, a Likert
five-point response scale will be used.
Measurement of mobility by Timed Up and Go (TUG) test

The TUG test will be administered by one examiner in a
quiet area [41]. A firm chair with arms (seat height of
46 cm) will be placed at one end and an object will be
placed at the other end at a distance of 3-m. The test
will begin with each participant sitting, back against the
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chair, arms on the lap, and feet just behind the startingmarkings on the floor. The participants will be
instructed as follows: “On the word ‘go’, stand up, walk
comfortably and safely to the object at the end on the
floor, walk around the object, come back, and sit all the
way back in your chair.” Timing will start on the word
“go” and ended when the participant returns to the chair,
with back resting against the chair. A practice trial will
be performed first and then followed by 2 recorded
trials. The average of the 2 recorded trials will be used
for data analysis.
Adverse effects of the intervention

Adverse effects are defined as any increase in knee pain
intensity perceived by the participants due to training
protocol lasting for 2 days or more, or the participant requiring medications or consultation with the Physician.
In addition, the risk of fall or injury to other body parts
during training sessions will be considered as adverse
effects. A senior Physiotherapist will supervise the entire
training program.
Sample size

The statistical software Statmate version 2 (GraphPad
Software, Inc., CA, USA) was used to calculate the
sample size using the primary outcome variables, the
NRS scores for pain and the reduced WOMAC index
for function, with a power of 80 % and a significance
level of 0.05. The unpublished pilot data on the effects
of retro-walking on these variables was used to calculate
SD’s. We assume a clinically important difference
between two intervention groups of 1.08 in NRS score
(SD = 1.19) and 4.47 points in functional score assessed
using the reduced WOMAC index (SD = 4.9). The
sample size calculation resulted in 20 participants in
each group, or 60 total participants. To allow for a potential follow-up loss of 15 %, we will recruit a minimum
of 69 participants.
Randomization, allocation concealment, and blinding

The participants who fulfil the inclusion criteria will be
randomly assigned to one of three groups (A, B, and C).
Blank folders will be numbered from 1 to 69 and will be
given concealed codes for the group assignment by an
independent researcher and kept in a safe locker.
When a participant is eligible and give their consent to
participate, an independent therapist will draw the next
folder from the file, which will determine the group
assignment. A trained research assistant blinded to group
assignment will record all measurements.
Statistical analysis

Demographic data and baseline scores of all outcome
measures will be presented to evaluate baseline
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comparability of treatment groups. Descriptive data will
be reported for each group as the mean change in the
outcome measures at baseline and at the end of the trial.
Data normality will be tested. Paired t-tests and one-way
ANOVA with Bonferroni adjustment for multiple comparisons will be applied to compare within and between
group differences of all outcomes (interval/ratio data).
The Wilcoxon signed-rank test and Friedman test will
be used to compare within and between group differences of all outcome measures (nominal/ordinal data).
The probability level for all tests will be set at 0.05 to indicate significance. The intention-to-treat principles will
be used for analysis. For missing data, the last observation carried forward method will be used. All data will
be analyzed using SPSS software version 22 (SPSS,
Chicago, Illinois).

Discussion
Recently, a Cochrane review reported the effects of landbased therapeutic exercise to reduce knee pain, improve
physical function and quality of life in subjects with knee
OA [42]. The effectiveness of walking programs on subjects with knee OA is not well known. In a previous
study, Toda [29] reported worsening of symptoms
following a walking program in subjects with knee OA.
However, the participants in this study were obese
women with knee OA. Therefore, an increased intensity
of pain in these participants may be due to the weight
bearing nature of walking. In contrast, another study reported improved postural stability following long-term
weight training and aerobic walking programs in subjects with knee OA [26]. In addition, Messier et al. [27]
reported reduced pain and disability after combined
weight training and walking program in subjects with
knee OA. Furthermore, Evcik et al. [28] reported the
effectiveness of home exercise and walking program
(forward-walking) in the management of subjects with
knee OA.
Another study reported improved knee function
following conventional treatment and retro-walking
program in individuals with knee OA [25]. The results
of the present study will enhance our understanding on
the therapeutic effects of walking (retro- and forwardwalking) in subjects with knee OA, and help determine
whether retro- or forward-walking or both are efficacious in the management of subjects with knee OA.
Thus, our study will assess both retro- and forwardwalking program in subjects with knee OA. Previous
studies were limited to pain and disability outcome
measures; however, in the present study, we will assess
quadriceps muscle strength and mobility, in addition to
pain and disability, in subjects with knee OA [25, 28].
There will be some potential limitations to the present
study. The present study will not assess a long-term
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follow up due to poor history of patients follow up in
the current hospital setting. In addition, the age group of
the participants will be restricted to 40–70 years. A
previous study reported impaired cognitive function and
severe pain in patients with knee OA, who were 70 years
or older [43]. Furthermore, the authors reported an
association between worse cognitive function with poor
physical function in older adults with knee OA [43].
Another study reported increased risk of falls in older
adults with knee OA [44].
Consent to publish

Not applicable.
Ethics and consent to participate

Ethical approval has been obtained from the institutional
review board (IRB), Rehabilitation Research Chair, King
Saud University (file ID: RRC-2014-010). In accordance
with IRB guidelines of the institution, written informed
consent will be obtained from each individual who
agrees to participate.
Abbreviations
BMI: body mass index; CKC: closed kinetic chain; NRS: numerical rating scale;
OA: osteoarthritis; OKC: open kinetic chain; RCT: Randomized controlled trial;
TUG: timed up and go test.; WOMAC: Western Ontario and McMaster
Universities osteoarthritis index.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SA: Corresponding author, conceived the project, developed the protocol,
calculated the sample size, make statistical analysis plan and drafted the
manuscript. AA: conceived the project, developed the protocol, helped in
ethics applications, and reviewed the manuscript. All authors read and
approved the final manuscript.
Acknowledgment
This project is being full financially supported by King Saud University, Vice
Deanship of Research Chairs, Rehabilitation Research Chair. The authors wish
to thank Professor Jean-Michel Brismée, PT, ScD at Doctor of Science Program
in Physical Therapy, Texas Tech University, Lubbock, Texas for his help in English
language editing.
Funding
This project is being funded by King Saud University, Vice Deanship of Research
Chairs, Rehabilitation Research Chair. The funding body played no role on study
design, the writing of the manuscript or the decision to submit the manuscript
for publication.
Received: 28 January 2015 Accepted: 9 April 2016

References
1. Guccione AA, Felson DT, Anderson JJ, Anthony JM, Zhang Y, Wilson PW,
Kelly-Hayes M, Wolf PA, Kreger BE, Kannel WB. The effects of specific
medical conditions on the functional limitations of elders in the
Framingham Study. Am J Public Health. 1994;84:351–8.
2. Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. Bull World
Health Organ. 2003;81:646–56.
3. Burckhardt CS. Chronic pain. Nurs Clin North Am. 1990;25:863–70.
4. Lawrence JS, Bremner JM, Bier F. Osteo-arthrosis: prevalence in the
population and relationship between symptoms and x-ray changes.
Ann Rheum Dis. 1966;25:1–24.

Alghadir and Anwer BMC Musculoskeletal Disorders (2016) 17:161

5.

6.

7.
8.

9.
10.

11.

12.
13.

14.

15.
16.

17.

18.

19.
20.
21.
22.

23.

24.

25.

26.

27.

28.
29.

Slemenda C, Brandt KD, Heilman DK, Mazzuca S, Braunstein EM, Katz BP,
Wolinsky FD. Quadriceps weakness and osteoarthritis of the knee. Ann
Intern Med. 1997;127:97–104.
Hurley MV, Scott DL, Rees J, Newham DJ. Sensorimotor changes and
functional performance in patients with knee osteoarthritis. Ann Rheum Dis.
1997;56:641–8.
McAlindon TE, Cooper C, Kirwan JR, Dieppe PA. Determinants of disability in
osteoarthritis of the knee. Ann Rheum Dis. 1993;52:258–62.
Mundermann A, Dyrby CO, Andriacchi TP. Secondary gait changes in
patients with medial compartment knee osteoarthritis: Increased load at the
ankle, knee, and hip during walking. Arthritis Rheum. 2005;52:2835–44.
Chen LY, Su FC, Chiang PY. Kinematic and EMG analysis of backward
walking on treadmill. Conf Proc IEEE Eng Med Biol Soc. 2000;2:825–7.
Cipriani DJ, Armstrong CW, Gaul S. Backward walking at three levels of
treadmill inclination: An electromyographic and kinematic analysis. J Orthop
Sports Phys Ther. 1995;22:95–102.
Lephart SM, Pincivero DM, Giraldo JL, Fu FH. The role of proprioception in
the management and rehabilitation of athletic injuries. Am J Sports Med.
1997;25:130–7.
Lephart SM, Pincivero DM, Rozzi SL. Proprioception of the ankle and knee.
Sports Med. 1998;25:149–53.
Jan MH, Lin CH, Lin YF, Lin JJ, Lin DH. Effects of weight-bearing versus
nonweight-bearing exercise on function, walking speed, and position sense
in participants with knee osteoarthritis: a randomized controlled trial.
Arch Phys Med Rehabil. 2009;90(6):897–904.
Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al.
OARSI recommendations for the management of hip and knee
osteoarthritis, Part I: Critical appraisal of existing treatment guidelines and
systematic review of current research evidence. Osteoarthritis Cartilage.
2007;15:981–1000.
Roddy E, Zhang W, Doherty M. Aerobic walking or strengthening exercise for
osteoarthritis of the knee? A systematic review. Ann Rheum Dis. 2005;64:544–8.
Kovar PA, Allegrante JP, MacKenzie CR, Peterson MG, Gutin B, Charlson ME.
Supervised fitness walking in patients with osteoarthritis of the knee. A
randomized, controlled trial. Ann Intern Med. 1992;116(7):529–34.
Terblanche E, Cloete WA, Du Plessis PAL, Sadie JN, Strauss A, Unger M. The
metabolic transition speed between backward walking and running.
Eur J Appl Physiol. 2003;90:520–5.
Terblanche E, Page C, Kroff J, Venter R. The effect of backward locomotion
training on the body composition and cardiorespiratory fitness of young
women. Int J Sports Medne. 2004;25:1–6.
Flynn TW, Soutas-Little RW. Patellofemoral joint compressive forces in forward
and backward running. J Orthop Sports Phys Ther. 1995;21(5):277–82.
Flynn TW, Soutas-Little RW. Mechanical power and muscle action during
forward and backward running. J Orthop Sports Phys Ther. 1993;17:108–12.
Kramer JF, Reid DC. Backward walking: a cinematographic and
electromyographic pilot study. Physiother Can. 1981;33:77–86.
Threkeld AJ, Horn TS, Wojtowicz GM, Rooney JG, Shapiro R. Kinematics,
ground reaction force, and muscle balance produced by backward running.
J Orthop Sports Phys Ther. 1989;11(2):56–63.
Flynn TW, Connery SM, Smutok MA, Zeballos RJ, Weisman IM. Comparison
of cardiopulmonary responses to forward and backward walking and
running. Med Sci Sports Exerc. 1994;26:89–94.
Myatt G, Baxter R, Dougherty R, Williams G, Halle J, Stetts D, Underwood F.
The cardiopulmonary cost of backward walking at selected speeds.
J Orthop Sports Phys Ther. 1995;21:132–8.
Gondhalekar GA, Deo MV. Retro walking as an adjunct to conventional
treatment versus conventional treatment alone on pain and disability in
patients with acute exacerbation of chronic knee osteoarthritis: a
randomized clinical trial. N Am J Med Sci. 2013;5(2):108–12.
Messier SP, Royer TD, Craven TE, O’Toole ML, Burns R, Ettinger WH. Long-term
exercise and its effect on balance in older, osteoarthritic adults: results from
the Fitness, Arthritis, and Seniors Trial (FAST). J Am Geriatr Soc. 2000;48:131–8.
Messier SP, Loeser RF, Mitchell MN, Valle G, Morgan TP, Rejeski WJ, Ettinger WH.
Exercise and weight loss in obese older adults with knee osteoarthritis: a
preliminary study. J Am Geriatr Soc. 2000;48:1062–72.
Evcik D, Sonel B. Effectiveness of a home-based exercise therapy and walking
program on osteoarthritis of the knee. Rheumatol Int. 2002;22(3):103–6.
Toda Y. The effect of energy restriction, walking and exercise on lower
extremity lean body mass in obese women with osteoarthritis of the knee.
J Orthop Sci. 2001;6:148–54.

Page 6 of 6

30. Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P. Extending the
CONSORT statement to randomized trials of nonpharmacologic treatment:
explanation and elaboration. Ann Intern Med. 2008;148(4):295–309.
31. Peat G, Thomas E, Duncan R, Wood L, Hay E, Croft P. Clinical classification
criteria for knee osteoarthritis: performance in the general population and
primary care. Ann Rheum Dis. 2006;65(10):1363–7.
32. Kellgren JH, Lawrence JS. Radiologic assessment of osteoarthritis.
Ann Rheum Dis. 1987;16:494–501.
33. Anwer S, Alghadir A. Effect of isometric quadriceps exercise on muscle
strength, pain, and function in patients with knee osteoarthritis: a
randomized controlled study. J Phys Ther Sci. 2014;26(5):745–8.
34. Anwer S, Alghadir A, Brismée JM. Effect of home exercise program in
patients with knee osteoarthritis: a systematic review and meta-analysis.
J Geriatr Phys Ther. 2015;39(1):38–48. doi:10.1519/JPT.0000000000000045.
35. Ozgonenel L, Aytekin E, Durmuşoglu G. A double-blind trial of clinical
effects of therapeutic ultrasound in knee osteoarthritis. Ultrasound Med Biol.
2009;35(1):44–9.
36. Hayes KW, Falconer J. Reliability of hand-held dynamometry and its
relationship with manual muscle testing in patients with osteoarthritis in
the knee. J Orthop Sports Phys Ther. 1992;16(3):145–9.
37. Bohannon RW. Make tests and break tests of elbow flexor muscle strength.
Phys Ther. 1988;68:193–4.
38. Gallasch CH, Alexandre NM. The measurement of musculoskeletal pain
intensity: a comparison of four methods. Rev Gaucha Enferm. 2007;28(2):260–5.
39. SL W h, Lingard LA, Katz JN, Learmonth ID. Developmental and testing of a
reduced WOMAC function scale. JBJS. 2003;85(B):706–11.
40. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt PW. Validation
study of WOMAC: a health status instrument for measuring clinically
important patient’s outcome with OA knee. J Rheum. 1988;15:1833–40.
41. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39:142–8.
42. Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL.
Exercise for osteoarthritis of the knee: a Cochrane systematic review.
Br J Sports Med. 2015. doi:10.1136/bjsports-2015-095424.
43. Morone NE, Abebe KZ, Morrow LA, Weiner DK. Pain and decreased
cognitive function negatively impact physical functioning in older adults
with knee osteoarthritis. Pain Med. 2014;15(9):1481–7.
44. Muraki S, Akune T, Oka H, En-Yo Y, Yoshida M, Nakamura K, Kawaguchi H,
Yoshimura N. Arthritis Care Res (Hoboken). 2011;63(10):1425–31.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

