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Abstract---Study design :Quasi —experimental study. Objectives : To
compare the effectiveness of Functional task training Versus EMG
biofeedback, along with conventional physical therapy in the
management of knee osteoarthritis. Background: Osteoarthritis is the
most common disease affecting synovial joints characterized by
degenerative structural remodeling of joint cartilage and of underlying
subchondral bone, which again leads to pain and disability. The aim
of the study was to compare the effectiveness of Functional task
training Versus EMG biofeedback along with conventional physical
therapy to reduce pain, improve strength and functional mobility in
knee osteoarthritis Methods: In the 5- week intervention study, 30
participants diagnosed with knee osteoarthritis were divided into two
groups by convenience sampling, Group A:(n=15) Functional task
training along with conventional exercise program was applied and
Group B:(n=15) EMG biofeedback along with conventional exercise
program. For both groups, treatment consisted of 1 session/day, 5
days/week for 5 weeks. Data was collected and analyzed using SPSS
23. Results: A significant reduction in pain (p<0.05), improvement in
the strength of the quadriceps muscle (p<0.05) and increase in knee
function between (p<0.05) pre- and post- treatment stages in both
groups. At the end of five weeks, the EMG biofeedback group was
significantly better than the FTT group. Conclusion: In the quasi-
experimental condition wused in this study, the use of EMG
biofeedback along with conventional exercise program was more
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effective when compared to FTT along with conventional exercise
program.

Keywords---knee-osteoarthritis, EMG-biofeedback, FTT, NPRS,
modified WOMAC.

Introduction

Osteoarthritis is the most common disease affecting synovial joints characterized
by degenerative structural remodeling of joint cartilage and of underlying
subchondral bone, which again leads to pain and disability. Osteoarthritis of knee
is the most common form of osteoarthritis. Osteoarthritis is the second most
common rheumatologic problem and it is the most frequent joint disease with a
prevalence of 22% to 39% in India.!! OA is more common in women than men,
but the prevalence increases dramatically with age. Osteoarthritis is also known
as degenerative arthritis, which commonly affects the hands, feet, spine, and
large weight-bearing joints, such as the hips and knees.!!

Most cases of OA have no known cause and are referred to as primary OA.
Primary osteoarthritis is mostly related to aging. It can present as localized,
generalized, or as erosive OA. Secondary osteoarthritis is caused by another
disease or condition. OA was estimated to be the 10th leading cause of nonfatal
burden. Pathological changes in the late stage of OA include softening, ulceration,
and focal disintegration of the articular cartilage. Synovial inflammation also may
occur. Typical clinical symptoms are pain, particularly after prolonged activity
and weight-bearing; whereas stiffness is experienced after inactivity.!! Exercise
programs have a primary importance in the prevention and treatment of knee,!
Ssupervised exercise.?* recent practice guidelines have a reflected recognition that
exercise, including both aerobic and strengthening, as well a range of motion, are
essential elements of any treatment program for osteoarthritis of the knee.5
Traditional exercises tend to focus on the isolation of one or more muscle groups
(e.g., quadriceps) in an attempt to address the impairment. Considerable evidence
in the literature confirms that strengthening exercises should be employed in the
treatment of knee OA; however, confusion exists as to what exercises are the most
appropriate and beneficial in meeting the needs of the patient with
OA.31Functional task training focuses at the activity level by strengthening and
adapting postural strategies to environmental demands through functional task
performance. This type of activity requires coordinated functional movements,
task specific balance requirements and incorporates multiple muscle groups and
joints working in multiple planes3!. Functional task exercises involve interplay of
cognitive perceptual and motor functions and closely linked to individual dynamic
environment. It helps to enhance muscle strength, flexibility, or balance and to
improve functional ability, mobility into the Participants (activities of daily living)
ADL'S. This approach in the exercise treatment is specific with expected
functional outcomes. Dynamic control of knee during weight bearing activities
closed chain exercises with low intensity and high repetition are effective than
open chain exercises for improving stability and muscular endurance and
function in the knee.3°
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EMG biofeedback may be defined as the technique of using equipment to reveal to
human beings some of their internal physiologic events, normal and abnormal, in
the form of visual and audible signals to teach them to manipulate these
otherwise involuntary or unfelt events by manipulating the displayed signals. In
clinical practice, it is used to help the patient develop greater voluntary control in
terms of either neuromuscular relaxation or muscle reeducation following injury.
EMG-biofeedback assisted exercise programs are suggested as they increase
compliance with exercise and motivation of Participants.3” The objective of this
study was to compare the effectiveness of Functional task training & conventional
physical therapy, and EMG-biofeedback & conventional physical therapy, on
pain, muscle strength and functional mobility in participants with knee
osteoarthritis.

Methods

Participants: All the participants diagnosed with Tibio-femoral Osteoarthritis and
referred from orthopedic outpatient department, who fulfilled the selection
criteria, were divided by convenience sampling (followed by random allocation by
lottery method without replacement) method. The procedure was clearly explained
to all the participants and their signed consent was obtained. Distribution into
groups was carried out through random allocation by lottery method without
replacement: The participants were asked to select a card out of 30 (15-group A,
15-group B) and according to the card selection the participant were assigned to
group A and group B. Inclusion criteria were, participants diagnosed with Stage 2
& 3 tibiofemoral OA of knee (Kellgren Lawrence -classification), based on
radiographic results obtained from orthopaedicians report, unilateral
involvement, between the ages of 45- 65 years, presence of knee pain > 3 months|(
chronic knee pain), able to walk 100 feet without resting and without an assistive
device. Participants were excluded if they had presence of a neurological disease,
secondary OA uncontrolled low or high blood pressure, uncontrolled
cardiopulmonary or respiratory condition, the inability to rise from and return to
a chair without assistance, any additional musculoskeletal diseases or surgeries,
actively participating in any other exercise program, taking anti-inflammatory
medication.

All the participants completed a detailed orthopedic assessment. The Orthopedic
assessment obtained information about demographic detail, medical history,
surgical history, investigation reports and analysis of pain, muscle strength and
functional mobility of the participants. Participants, who fulfilled the selection
criteria were informed about the study, and requested to sign written informed
consent form. Pre-participation evaluation form consisted of NPRS, HHD and
modified WOMAC index. Pain was assessed by NPRS, muscle strength with a
HHD and functional mobility by modified WOMAC. The participants were
allocated into two groups (GROUP A- 15 & GROUP B- 15). Group A participants
were treated with FTT along with conventional physical therapy, and Group B
participants were treated with EMG biofeedback along with conventional physical
therapy. Each participant was evaluated prior to the first session, after every
week of treatment, and after the last session, for intensity of pain, ROM, & prior
to the first session and after the last session for functional mobility.
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Training Program

The treatment protocol was given for 5 days/week for 5 weeks. Conventional
physical therapy  protocol included: Isometric exercises for knee (Static
quadriceps exercise, Knee terminal extension exercises) , Active range of motion
(AROM) exercises for knee (straight leg rise exercise , Side straight leg raise-1,
Side straight leg raise-2 , Back Straight Leg Raise, Seated Knee Extension Wall
slides), Moist heat pack, passive stretching (Calf, Hamstring and quadriceps).
Functional task training: Unilateral balance, Squat with arms forward, Lateral
squats, Forward or backward leans, Squat with diagonal reach, Walk around
obstacle, Rotational Lunges, Lunge and chop.2?

EMG Biofeedback: The participants were positioned in the supine lying position.
Electrode placement: The skin just proximal to the patella was scrubbed with
spirit pad. Two carbon rubber electrodes were used over the belly of quadriceps
muscle. After electrodes were affixed, a baseline activity level was determined. The
initial selection of threshold value was different for each patient (because of
individual differences in amount of subcutaneous tissue, edema and ability to
contract the quadriceps muscle) and was set so that the participants had to
contract primarily the knee extensor and exert maximally to reach the threshold.
The participants were instructed to contract the quadriceps muscle to their EMG
threshold level, to maintain the audible signal for 10 seconds on, and to rest for
10 seconds off. Isometric exercises for knee (Static quadriceps exercise, Knee
terminal extension exercises) , Active range of motion (AROM) exercises for knee
(straight leg rise exercise , Side straight leg raise-1, Side straight leg raise-2 ,
Back Straight Leg Raise ,Seated Knee Extension Wall slides).

Outcome measure and parameters

e Intensity of Pain using NPRS
e Isometric muscle Strength(extensors) using Hand held dynamometer
e Functional Mobility using WOMAC scale

Intensity of pain

e An NPRS (numerical pain rating scale) is described as an 11-point scale
with scores from O to 10. The NPRS consists of asking the patient to rate his
or her perceived level of pain intensity on a numerical scale from O to 10,
with O = no pain and 10 = worst possible pain. The number stated by the
patient as representing his or her level of pain intensity is the basic datum
for the NPRS.

Knee Extensors muscle strength testing

e Isometric Knee Extensors strength was measured bilaterally, using a
baseline hydraulic hand-held dynamometer. Participants sat upright on the
examination table with the hips flexed at 90 degrees and knees flexed at
approximately 60 degrees. The contralateral side was tested first, and then
the ipsilateral side.
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e The participants were asked to build force to a maximum over a 2-second
period and maintain the maximum effort for approximately seconds. The
participants were then requested to stop. The participants were made to
perform the test three times, and the best of it was recorded. A pause of 10-
20 seconds was provided between each trial.”8

Functional mobility (WOMAC score)

e The Western Ontario McMaster Universities Osteoarthritis Index (WOMAC)
questionnaire is a validated, reliable, self-administered questionnaire to
assess symptoms and functional capacity. Questions of the WOMAC include
topics of pain, stiffness, and physical function that are recorded using a 5-
point Likert scale. A low score of O represents no symptoms/limitations and
a high score of 4 corresponds to severe symptoms/limitations. There are 96
total possible points calculated from the WOMAC in which 20 possible are
recorded for pain, eight possible are recorded for stiffness, and 68 possible
are recorded for physical function. The higher the overall score, the more
symptomatic and physically limited the participant is.

e Procedure
All participants underwent an initial baseline assessment of Intensity of
Pain, Knee extensor muscle strength and WOMAC score for functional
mobility. At the completion of the 5-week intervention, all participants
completed follow-up assessments The testing procedures were the same as
those used in the initial baseline assessments.

Statistical Analysis

e The distribution of participants into 2 groups by random allocation by
lottery method, Baseline values for intensity of pain, quadriceps muscle
strength & WOMAC were compared inter group and intra groups using
Wilcoxon signed rank test, Paired t-test, unpaired t-test, Mann Whitney U
test.

Results

There were conducted total 30 participants, which divided into 2 groups. In the
Group-A: FTT & Conventional Physical therapy & in the Group -B: EMG
Biofeedback &conventional physical therapy. Table: 1 and Graph:1 shows that
the mean age of participants in Group-A( 55.42) and Group -B (54.93). No
statistically significant difference was found between the ages of the participants
in both groups, proving that the groups are homogenous in terms of age. Table
1& Graph: 2 shows that the gender distribution among Group-A and Group-B. A
total of 13 male and 17 female participants participated in the study. Out of thirty
participants, Group —A consisted of 6 males and 9 females, Group-B consisted of
7 males and 8 females.

Table 2 & Graph 3 shows the inter group comparison of pre treatment scores of
NPRS. This comparison was done using Mann Whitney U test. The p-Value is
>0.05. It shows that there is no statistically significant difference between the pre
treatment scores of NPRS between groups A and B, hence proving that the groups
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are homogenous. Table 2 & Graph 4 shows the inter group comparison of pre
treatment scores of strength of knee extensors. This comparison was done using
Independent t test. The p-Value is >0.05. It shows that there is no statistically
significant difference between the pre treatment scores of strength of knee
extensors between groups A and B, hence proving that the groups are
homogenous. Table 2 & Graph 5 shows the inter group comparison of pre
treatment scores of Modified WOMAC. This comparison was done using Mann
Whitney U test. The p-Value is >0.05. It shows that there is no statistically
significant difference between the pre treatment scores of Modified WOMAC
between groups A and B, hence proving that the groups are homogenous. Table 2
& Graph 6 shows the intergroup comparison of NPRS score after 5 weeks.
Statistically significant difference (p<0.05) in NPRS score was found between
Group-A and Group-B. This comparison was done using Wilcoxon signed rank
test.

Table 2 & Graph 7 shows the intergroup comparison of Knee Extensors strength
score after 5 weeks. Statistically significant difference (p<0.05) in Knee Extensors
strength score was found between Group-A and Group-B. This comparison was
done using independent t-test. Table 2 & Graph 8 shows that the intergroup
comparison of Modified WOMAC score after 5 weeks. Statistically significant
difference (p<0.05) in Modified WOMAC score was found between Group-A and
Group-B. This comparison is done through Wilcoxon signed rank test.

Figure & Tables

Summary of Participant

Table 1 Demographics
Group -A Group -
(N=15) B(N=15)
Age Mean 55.42 54.93
+SD +6.64 +6.68
Sex Male 6 (40%) 7(46.66%)
Female 9(60%) 8(53.33%)

Age in years
Group A Group B

Group A Group B

Graph 1: comparison of mean age between Group A and Group B
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Graph 2: Percentage of male and female in Group A and Group B

Table 2 Pre intervention and Post intervention
Score
Outcome Pre intervention Post intervention
measures
Group- Group- Group-A Group-B
A B
NPRS 5.7 5.6 3.73 2.06
Knee 3.4 4.13 5.13 7.13
extensor
strength
Modified 50.86 51.06 46.8 37.8
WOMAC
Group A Group B
2' 5.6
Group A Group B

Graph 3: comparison of pre-treatment scores of NPRS between Group A

and Group B
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Graph 4: comparison of pre-treatment scores of strength of knee Extensors

Graph 5:

Knee extensors
strength

Group A Group B
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between Group A and Group B

Modified WOMAC
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~

comparison of pre-treatment scores of Modified WOMAC between
Group A and Group B

NPRS

Group A Group B

3.73

Group A Group B
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Graph 6: comparison of Post-treatment scores of NPRS between Group A and

Group B
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strength of Extensors

Group A Group B

7.13
5.13

Group A Group B

Graph 7:comparison of post -treatment scores of strength of knee Extensors
between Group A and Group B

Modified WOMAC
GroupA Group B

46.8 37.8

-y

Group A Group B

Graph 8: comparison of post-treatment scores of Modified WOMAC between
Group A and Group B

Discussion

Osteoarthritis is one of the most common causes of disability in the world.
Osteoarthritis is regarded as a whole joint disease with a multifactorial etiology,
including increased mechanical stress, ligament derangements, cartilage
degradation, subchondral bone changes and muscular impairments Furthermore;
secondary synovial inflammation plays a role in Osteoarthritis, notably in the
early stage. Some studies tried to define risk factors such as age, genetic
predisposition, obesity, joint congruency, increased mechanical stress and greater
bone density!2.

IN the OA occurs when the dynamic steady state between destructive forces and
repair mechanisms destabilises the joint homeostasis. This imbalance is thought
to be the driving force in this progressive disease and may produce pain and
disability. The role of bone density in OA is currently debated. Typically, a
reduced bone density of the subchondral bone is observed in the early stages of
OA. later stage, subchondral bone sclerosis and higher bone density are seen
radiologically!2.

The inflammatory changes in OA synovium include synovial hypertrophy and
hyperplasia with an increased number of lining cells, and an infiltration of the
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sublining tissue with a mixed population of inflammatory cells including synovial
macrophages, activated B and T lymphocytes. Local levels of pro-inflammatory
cytokines such as interleukin (IL)-1b, tumor necrosis factor (TNF) a, and IL-6
produced by these cells are detectable in early OA35. Treatment options available
for treating knee osteoarthritis include analgesics prescribed by general
practitioners, surgical interventions, physiotherapy, and manual therapy. In
this study, efforts was made to determine the effectiveness of FTT along with
conventional physiotherapy and EMG-biofeedback along with conventional
physiotherapy, in the reduction of pain, attained a significant improvement in the
strength of knee flexors and extensors muscles and functional mobility in
participants with knee Osteoarthritis .

The pre, post values of NPRS, KNEE muscle strength and modified WOMAC at
baseline and after 5 weeks were taken and this comparison shows that EMG -
biofeedback was effective in pain intensity, strength of knee muscle ( flexors and
extensor) and modified WOMAC in participants with knee osteoarthritis. The
results found in this study disclosed that after five weeks of intervention program
of both the groups, Group -A, which received FTT along with conventional
physiotherapy and Group - B, which received EMG -biofeedback along with
conventional physiotherapy attained a statistically and clinically significant
improvement after that treatment intervention. (p< 0.005).A wide variety of
treatment protocol for knee osteoarthritis is available, and yet the most effective
management has remained as an area of debate.

Alternately, functional task training focuses at the activity level by strengthening
and adapting postural strategies to environmental demands through functional
task performance. This type of activity requires coordinated functional
movements, task specific balance requirements and incorporates multiple muscle
groups and joints working in multiple planes. EMG biofeedback is a method of
retraining muscle by creating new feedback systems as a result of the conversion
of myoelectrical signals in the muscle into visual and auditory signals. EMG uses
surface electrodes to detect a change in skeletal muscle activity, which is then fed
back to the user usually by a visual or auditory signal. EMG biofeedback can be
used to either increase activity in weak or paretic muscle or it can be used to
facilitate a reduction in tone is a spastic one. EMG biofeedback has been shown
to be useful in both musculoskeletal and neurological rehabilitation3®.

This suggests that both interventions were effective in reducing pain intensity,
improvement in the strength of knee flexors and extensors muscles and
functional mobility in participants with knee Osteoarthritis. The result of this
study revealed that through a significant improvement was found after treatment
in both groups, Group-B showed greater improvement .The above exposed
statement suggests that both the FIT and EMG-biofeedback can be employed
along with conventional exercise program in the effective management of
participants in improving pain intensity, knee extensors strength and functional
mobility in the knee Osteoarthritis.
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Conclusion

The results indicate that the treatments in both groups are effective in
participants with knee osteoarthritis to reduce pain, improve muscle strength and
functional disability. but combined EMG-Biofeedback along with conventional
physiotherapy is more effective in the management of knee osteoarthritis.

Key points

Findings: This study was conducted on participants with knee osteoarthritis. The
study was done to compare effect of FTT along with conventional physiotherapy,
and EMG-biofeedback along with conventional physiotherapy pain, muscle
strength and modified WOMAC in Participants with knee osteoarthritis in local
population. The participants were randomly divided into two Groups, group A&B
consisting 30 participants selected by simple Random sampling method (lottery
method).

After Sweeks of the study result shows EMG-biofeedback along with conventional
physiotherapy is more effective in reduction of pain, improvement in muscle
strength (knee flexors and knee extensors) and modified WOMAC in participants
with knee osteoarthritis. Implications: FTT along with conventional physical
therapy and EMG-Biofeedback with conventional physical therapy applied to the
participants of the knee Osteoarthritis. The findings are accordance with the
study by shahnawaz et.al.2011 who investigated the efficacy of electromyographic
biofeedback training on pain and functional status in osteoarthritis of knee and
had concluded that The addition of electromyographic- biofeedback to isometric
exercise program has been shown to produce greater reduction in pain intensity
and improved functional status than isometric exercises alone over a 3 week
period. Caution: The present results having some limitation: No control group was
present, No long term follow up was taken and Home program was not taught to
the Participants.

References

1. Adam S. Lepley, Phillip A. Gribble BRIAN G. PIETROSIMONE .effects of
electromyographic biofeedback on quadriceps strength: A systematic review.
Journal of Strength and Conditioning Research, National Strength and
Conditioning Association; 26(3)/873-882.

2. Akinpelu AO, Alonge TO, Adekanla BA, Odole AC. Prevalence and pattern of
symptomatic knee osteoarthritis in Nigeria: A community-based study.
Internet J Allied Health Sci Pract 2009;7:3.

3. Allyn M Bove, Nancy Baker, Visnja King Joseph Mancino. Task-Specific
Training for Adults with Chronic Knee Pain: a Case Series(2017).

4. Amelia Williamson, Barbara Hoggart Pain: a review of three commonly used
pain rating scales. 2005 Blackwell Publishing Ltd, Journal of Clinical
Nursing, 14, 798-804.

5. American college of Rheumatology subcommittee on osteoarthritis guidelines.
Recommendations for the medical management of osteoarthritis of the hip
and knee, Arthritis & rheumatism. Vol. 43, No. 9, September 2000, pp 1905-
1915



13710

6.

10.

11.

12.

13.

14.

15.

16

17.

18.

19.

20.

21.

Amr Almaz Abdel-aziem, Elsadat Saad Soliman, Dalia Mohammed Mosaad,
Amira Hussin Draz. Effect of a physiotherapy rehabilitation program on knee
osteoarthritis in Participants with different pain intensities. J. Phys. Ther.
Sci. 30: 307-312, 2018.

Andrew J.robinson, Lynn Snyder Mckler. Clinical electro physiology

;electrotherapy and electro physiologic testing. 2nd ed.1995.

Andrews AW, Thomas MW, Bohannon RW. Normative values for isometric
muscle force measurements obtained with hand-held dynamometers. Phys
Ther.1996; 76:248-59.

Basmajian JV: Biofeedback: Principles and practice for clinicians. Oxford,
England: Williams & Wilkins; 1979.

Bradley M. Stempky. Effects of Therapeutic Exercise on Functional
Performance, Self-Reported Outcomes and Physical Activity in Female
Participants with Knee Osteoarthritis. The University of Toledo April 2015.
Chandra Prakash Pal, Pulkesh Singh, Sanjay Chaturvedi, Kaushal Kumar
Pruthi, Ashok Vij. Epidemiology of knee osteoarthritis in India and related
factors. Indian J Orthop 2016; 50:518-22.

Christian Egloff, Thomas Htuigle, Victor Valderrabano. Biomechanics and
pathomechanisms of osteoarthritis. Swiss Med Wkly,142:w13583. 2012
christione mstutz doyle (2011) conducted a study on “The effects of
traditional strengthening exercises verus functional task training on
pain,strength and functional mobility in the 45-65 year old adult with knee
Osteoarthritis”.

Clare Jinks, Kelvin Jordan, Peter Croft. Measuring the population impact of
knee pain and disability with the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC). Pain 100 (2002) 55-64.

Claudio Chamorro et.al. conducted a study on Absolute reliability and
concurrent validity of hand held dynamometry and isokinetic dynamometry
in the hip, knee and ankle joint: systematic review and meta-analysis. (2017)
Open Med. 2017; 12: 359-375.

.Davis MA, Ettinger WH, Neuhaus JM, Hauck WW. Sex differences in

osteoarthritis of the knee. The role of obesity. Am J Epidemiol 1988;
127:1019-30.

Ding C, Cicuttini F, Scott F, Glisson M, Jones G. Sex differences in knee
cartilage volume in adults: role of body and bone size, age and physical
activity. Rheumatology. Nov 2003;42(11):1317-1323.

Duncan A Reid, Peter J McNair. Effects of a six week lower limb stretching
programme on range of motion, peak passive torque and stiffness in people
with and without osteoarthritis of the knee. New Zealand Journal of
Physiotherapy 39(1) 2-9.

F Angst, A Aeschlimann,W Steiner, G Stucki Responsiveness of the WOMAC
osteoarthritis index as compared with the SF-36 in Participants with
osteoarthritis of the legs undergoing a comprehensive rehabilitation
intervention. Ann Rheum Dis 2001;60:834-840

Farshid Guilak. Biomechanical factors in osteoarthritis. Best Pract Res Clin
Rheumatol, 2011 December; 25(6): 815-823.

Fausto Salaffi et.al. Minimal clinically important changes in chronic
musculoskeletal pain intensity measured on a numerical rating scale.
European Journal of Pain 8 (2004); 283-291.



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

13711

Fred Flandry, Gabriel Hommel.(2011) conducted study on Normal Anatomy
and Biomechanics of the Knee. Sports Med Arthrosc Rev 2011;19:82-92
G.Y.F. Ng, A.Q. Zhang, C.K. Li. Biofeedback exercise improved the EMG
activity ratio of the medial and lateral vasti muscles in subjects with
patellofemoral pain syndrome. Journal of Electromyography and Kinesiology.
18 (2008); 128-133

Gail D. Deyle, Nancy E. Henderson et.al, Effectiveness of Manual Physical
Therapy and Exercise in Osteoarthritis of the Knee. Annals of Internal
Medicine; Volume 132 ,Number 3.

Joseph a. lucca and Susan jean Recchiuti. Effect of Electromyographic
Biofeedback on an Isometric Strengthening Program. Volume 63 / Number 2,
February 1983.

Jun Iwamoto, Tsuyoshi Takeda, Yoshihiro Sato. Effect of muscle
strengthening exercises on the muscle strength in Participants with
osteoarthritis of the knee; The Knee 14 (2007) 224-230

Krishna Kumar Singh, Madhusudan Tiwari. The effects of traditional
strengthening exercises versus functional task training on pain, balance and
functional mobility in knee osteoarthritis. International Journal of Therapies
and Rehabilitation Research 2016; 5 (4):250-256.

Kurosawa H, Fukubayashi T, Nakajima H. Load-bearing mode of the knee
joint. physical behavior of the knee joint with or without menisci. Clin Orthop
1980 Jun; 283-90. 149.

Levangie PK, Norkin CC. Joint structure and function. A comprehensive
analysis. Philadelphia: F.A. Davis Company; 2005.

Lucie Brosseau et.al. The Ottawa panel clinical practice guidelines for the
management of knee osteoarthritis. Part two: Strengthening exercise
programs. Clinical Rehabilitation 1-16,2017.

M. Stutz-Doyle. The Effects of Traditional Strengthening Exercises Versus
Functional Task Training on Pain, Strength, and Functional Mobility in the
45-65 Year Old Adult with Knee Osteoarthritis;2011.

Mark P. Jensen et.al. Comparative reliability and validity of chronic pain
intensity measures. Pain 83 (1999); 157-162.

Marlene Fransen, Sara McConnell,Alison R Harmer, Martin Van der
Esch,Milena Simic, Kim L Bennell. Exercise for osteoarthritis of the knee: a
Cochrane systematic review. Fransen M, et al. Br J Sports Med
2015;49:1554-1557.

Martin Englund. The role of biomechanics in the initiation and progression of
OA of the knee. Best Practice & Research Clinical Rheumatology. 24 (2010);
39-46.

O. Stannus et.al. (2015) conducted a study on Circulating levels of IL-6 and
TNF-a are associated with knee radiographic osteoarthritis and knee cartilage
loss in older adults. Osteoarthritis and Cartilage 18 (2010) 1441-1447.
Oonagh M Giggins, Ulrik McCarthy Persson, Brian Caulfield. Biofeedback in
rehabilitation. Giggins et al. Journal of Neuro Engineering and Rehabilitation.
2013.

Ozlem O. Yalmaz, Ozlem Senocak et.al. Efficacy of EMG-biofeedback in knee
osteoarthritis. Rheumatol Int (2010) 30; 887-892.

Pamela K. Levangie, Cynthia C. Norkin. Joint structure and function. -5t
edition; 2011 page no -396.



13712

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.

S1.

52.

53.

Patchava Apparao, Ch. Ganapathi Swamy, Sudhakar Subramaniam,
AlsPrasanthi. Effectiveness of Functional Task Exercises versus Agility and
Perturbation Training in Osteoarthritis Knee Subjects. International Journal
of Health Sciences & Research.2015, Vol.5; Issue: 9.

Paul L. de Vreede, Monique M. Samson, Nico L. U. van Meeteren, Sijmen A.
Duursma, Harald J. J. Verhaar. Functional-Task Exercise Versus Resistance
Strength Exercise to Improve Daily Function in Older Women- A Randomized,
Controlled Trial. the American Geriatrics Society JAGS 53:2-10, 2005.

Paul Ornetti et.al. Validation of a numerical rating scale to assess functional
impairment in hip and knee osteoarthritis: comparison with the WOMAC
function scale Ann Rheum Dis 2011;70:740-746.

S. Anwer , A. Equebal. Effect of gender on strength gains after isometric
exercise coupled with electromyographic biofeedback in knee osteoarthritis: A
preliminary study. Annals of Physical and Rehabilitation Medicine 56 (2013)
434-442.

Seedhom BB, Hargreaves DJ. Transmission of the load in the knee joint with
special reference to the role of the meniscus. Part I + II. Eng Med 1979;
4:207-28.

Shahnawaz Anwer ,Ahmad Alghadir. Effect of [sometric Quadriceps Exercise
on Muscle Strength, Pain, and Function in Participants with Knee
Osteoarthritis: A Randomized Controlled Study. J. Phys. Ther. Sci. 26: 745-
748, 2014.

Shahnawaz Anwer, Nishat Quddus, Mohd miraj, Ameed Equebal.
Effectiveness of electromyographic biofeedback training on quadriceps muscle
strength in osteoarthritis of knee. Hong Kong Physiotherapy Journal (2011)
29, 86-93.

Shahnawaz Anwer, Nishat Quddus, Mohd miraj. Efficacy of
electromyographic biofeedback training on pain, functional status in
osteoarthritis of knee. Indian journal of physiotherapy &occupational
therapy.April-june2011,vol-5,no

Sharma L, Song J, Felson DT, Cahue S, Shamiyeh E, Dunlop DD. The role of
knee alignment in disease progression and functional decline in knee
osteoarthritis. Jama-Journal of the American Medical Association. Jul
2001;286(2):188-195.

Silman AJ, Hochberg MC. Epidemiology of the Rheumatic Diseases. 2nd ed.
Oxford: Oxford University Press; 2001.

Solomon L, Beighton P, Lawrence JS. Rheumatic disorders in the South
African Negro. Patrt II. Osteo-arthrosis. S Afr Med J 1975;49:1737-40.
Symmons D, Mathers C, Pfleger B. Global Burden of Osteoarthritis in year
2000: Global burden of disease 2000 study, World health report 2002 (5);
Version 2.

Walker PS, Erkman MJ. The role of the menisci in force transmission across
the knee. Clin Orthop 1975; 184-92. 109.

Wq2 et.al. (2015) conducted a study on Assessment of Lower Limb Muscle
Strength and Power Using Hand-Held and Fixed Dynamometry: A Reliability
and Validity Study. DOI:10.1371/journal.pone.0140822.

Yun Lak Choi, Bo Kyung Kim, Yong Pil Hwang, Ok Kon Moon, Wan Suk Choi.
Effects of isometric exercise using biofeedback on maximum voluntary
isometric contraction, pain, and muscle thickness in Participants with knee
osteoarthritis J. Phys. Ther. Sci. 27: 149-153.



