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ABSTRACT 
 

 

Background: After an injury, arthrogenic muscle inhibition (AMI) limits the quadriceps 

muscle from attaining a complete contraction even though there are no injuries to the 

muscle/ nerve, which is a major hindrance to the process of rehabilitation. Even though 

there are therapeutic interventions that can help improve quadriceps activation, faulty 

execution like trick movements can alter the desired outcome. Pressure biofeedback 

(PBF)is a device that has been proven to help retrain muscle activity by providing visual 

feedback. However, the use of pressure biofeedback in activating quadriceps muscle 

remains unexplored.  

 

Objectives: To explore the effectiveness of pressure biofeedback in early activation of 

quadriceps following lower limb orthopedic surgeries and to standardize the procedure of 

using PBF for quadriceps training.  

 

Methodology: The study was a single-blinded randomized controlled trial. Baseline 

measurements were taken on POD-2 and post-intervention assessment was taken on 

POD-6 by an assessor who was blinded to the group allocation. The intervention was 

given by a physiotherapist who was blinded to the outcome measurement. The control 

group received a standardized physiotherapy treatment which was developed to be 

practiced for in-patient orthopedic care setting. The experimental group received the 

same protocol along with the use of PBF for quadriceps training. 

 

Results: The study consisted of a total of 24 participants (5 dropouts). The control group 

consisted of 9 subjects (8 males,1 female) and the experimental group consisted of 10 

subjects (9 males and 1 female). The mean age of subjects in the control group was 58.67 

± 17.21 and the mean age of individuals in the experimental group was 40.1 ± 6.96. 

There was no statistical significance in motor unit action potential amplitude for within 

the groups F (5,85) =1.735, p=0.135(p>0.01). However, there was a statistical 

significance between the control and experimental group in MUAP amplitude measured 

by EMG. F (1,17) = 49.09, p=.000(p<.0.01). There was no statistical significance in 

motor unit action potential duration for within the groups F (5,85) =1.303, 

p=0.270(p>0.01.). However, there was a statistical significance between the control and 

experimental group in duration measured by EMG, F (1,17) = 71.84, p=.000(p<.0.01). 

Conclusion: From this study, we can conclude that PBF can be used as an adjunct along 

with traditional methods that are used to counter arthrogenic muscle inhibition following 

lower limb orthopaedic surgeries 

Keywords: Pressure biofeedback, arthrogenic muscle inhibition, quadriceps activation.   
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1. INTRODUCTION 

1.1 Background 

Globally, the growth of transport systems has become a key element in economic 

development. Among the many side effects of increasing traffic such as noise pollution, 

congestion, etc. is the alarming growth rate of deaths and injuries through road traffic 

accidents. According to the World Health Organization (WHO), each year road traffic 

accidents claim some 6,00,000 lives and thirty times this number, that is over fifteen 

million are injured.1 WHO also reported that road traffic accidents (RTA) are the sixth 

leading cause of death in India with a greater share of hospitalizations, deaths, disabilities 

and socioeconomic losses in young and middle-aged populations.2 

The lower limb is the commonest site of traumatic injury following an RTA.1 This 

has been reported by a study conducted in Karnataka, wherein lower limb involvement 

(59.91%) was reported to be much higher as compared to upper limb involvement 

(30.66%).3 

A prospective study conducted in North India in a tertiary care hospital reported 

statistics of extremity fractures in patients suffering from traumatic lower limb 

musculoskeletal injuries over a year as follows: neck of femur (1.9%), intertrochanteric 

femur (4.23%), shaft femur (3.5%), supracondylar/intercondylar femur (0.8%), patella 

(1.8%) and proximal tibia (2.3%).4 

Surgical intervention or trauma to the lower limb often results in development of 

persistent quadriceps weakness. Normal knee joint biomechanics requires the quadriceps 

muscle to have sufficient strength and endurance for effective function. In order for 
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rehabilitation to be a success, it is vital to reinstate the quadriceps to its normal 

functioning mechanism as early as possible. Persistent posttraumatic quadriceps 

weakness is usually caused due to arthrogenic muscle inhibition or pain and 

unwillingness to move.5 

After an injury, a reflex response called arthrogenic muscle inhibition (AMI) is 

seen. AMI is the inability of the muscle to attain complete contraction even though no 

damage has occurred to the underlying muscle or its innervating nerve. It leads to 

quadriceps atrophy and prevents effective strengthening.6 Mechanism for this inhibition 

include alteration in muscle resting motor thresholds, changes in discharge of articular 

sensory receptors, altered spinal reflex excitability and abnormal cortical activity and a 

requirement of greater frontal cortex theta power in basic movement and joint position 

sense tasks.7-9 

AMI, though a protective mechanism becomes a huge hindrance during 

rehabilitation.5 It can further lead to extension deficit, gait abnormality, dynamic 

instability, persistent pain and can precipitate early osteoarthritis. 10-14 

Current joint rehabilitation programs emphasize on active exercise. Early active 

exercise in the rehabilitative process is essential for decreased healing time, increased 

vascular ingrowth, quicker regeneration of scar tissue and stronger ligament and tendon 

healing. The process of early active exercise in joint rehabilitation is significantly 

hindered by the patient's inability to contract surrounding musculature due to AMI.15 

Therapeutic interventions that may counter AMI are usually divided into two 

categories: - those that modulate joint afferent discharge and those that stimulate the 
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quadriceps muscle directly.6 Cryotherapy is a technique that has been used to modulate 

joint afferent discharge whereas quadriceps can be directly activated through electrical 

stimulation.16 

Current clinical studies have suggested therapeutic interventions that improve 

voluntary activation of quadriceps.7,17 Studies have demonstrated the superiority of 

isometric quadriceps exercises in increasing the strength of the quadriceps muscle, due to 

faulty execution such as trick movements and use of faulty techniques while performing 

the exercises, the expected outcome may vary. Thus, it is important for the therapist to 

make sure that it is a tissue-specific procedure.18 This can be achieved through a 

biofeedback technique. 

Biofeedback is a technique of providing biological information to patients in real 

time. This information can either be extrinsic feedback or sensory feedback. Providing 

patients with biofeedback during rehabilitation can have potential therapeutic effects as it 

aids the patient in gaining control over his muscles.19 

EMG (Electromyography) biofeedback is a method for muscle retraining by 

giving feedback through conversion of myoelectric signals to visual and auditory 

feedback. EMG biofeedback has been proven to be effective in facilitating the recovery 

of quadriceps by helping in gaining greater voluntary control either by neuromuscular 

relaxation or by muscle re-education following injury.19 However, EMG Biofeedback is 

expensive and its use is not always feasible in routine acute care physiotherapy practice. 

Pressure Biofeedback (PBF) is a simple inexpensive device which aids in 

retraining muscle activity and provides visual feedback.19 Visual feedback plays an 
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important role in gaining the interest and co-operation of the patients as well as in 

shaping their behavior. It helps in the formulation of threshold goals for the patients as 

well as encourages voluntary control of muscles through active constant visual 

feedback.20 It has been used effectively for training deep cervical flexor muscles. It has 

helped in maintaining neck mobility and endurance.21 Training with biofeedback after 

total knee arthroplasty has shown remarkable improvements in terms of gait symmetry, 

pain reduction and increase in activity level.22 

The techniques used with EMG Biofeedback are performed passively where 

patient participation or motivation is less. For any treatment to be termed as effective 

there should be active participation from the patient. Studies have been conducted to 

assess the feasibility of a sphygmomanometer device in the training of knee extension 

following surgical procedures performed on the knee joint in order to prevent atrophy. It 

was found that sphygmomanometer can be used as a feasible tool in the training of 

quadriceps. However, authors have recommended that further studies have to be 

conducted using a specific valid tool which is designed to serve the purpose of activating 

the quadriceps muscle.23 

Considering all the previous facts or all demerits of using techniques which have 

been mentioned, intuitively, the use of pressure biofeedback in activating quadriceps 

activity seems possible.  
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1.2. Need for the study 

There has been sufficient evidence to prove that EMG biofeedback is effective in 

the activation of quadriceps. However due to its cost-effectiveness and sophisticated 

nature, it may not be possible in a routine clinical setting. Pressure biofeedback is widely 

used for activation of core muscles. However, to date, its effect on retraining of 

quadriceps muscle has not been reported. Hence, the need for the study is to find the role 

of pressure biofeedback in the early activation of quadriceps following lower limb 

orthopedic surgeries 

1.3. Clinical significance 

 If proven to be effective, pressure biofeedback can be routinely used in the early 

rehabilitation of patients following lower limb orthopedic surgery. Early activation of 

quadriceps is an important factor that will assist in decreasing duration of hospital stay 

and improving rehabilitation outcomes.  

1.4. Hypothesis 

 Pressure Biofeedback is effective in the early activation of quadriceps following 

lower limb orthopedic surgeries. 

1.5 Objectives of the study 

Primary objective 

 To explore the effectiveness of pressure biofeedback in early activation of 

quadriceps muscle following lower limb orthopaedic surgery. 
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Secondary objective 

 To standardize the procedure of using pressure biofeedback for quadriceps 

training 
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2. REVIEW OF LITERATURE 

2.1. The methodology of the literature review 

 The articles were accessed with relevant keywords under relevant sections.  The 

literature search was conducted from electronic database viz. PubMed and Google 

scholar. The databases searched were searched for articles with no time limits. Mesh 

terms and keywords included were selected for the individual section with and without 

Booleans Operator – AND, IN, etc. 

2.2. Search strategy 

 The databases used are Google Scholar and PubMed. Articles were excluded from 

this review for languages other than English, duplicate articles and articles not relevant to 

this study and quality of article less than 60% in critical appraisal tools. A quality search 

of keywords was selected for each section. The results of the review section are described 

in the following pages under relevant sections. 
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2.3. Section 1: Arthrogenic muscle inhibition and quadriceps activation following 

lower limb injuries 

Objectives: To review arthrogenic muscle inhibition and quadriceps activation following 

lower limb injuries 

Keywords: Arthrogenic muscle inhibition, quadriceps activation, lower limb injury 

Boolean operators: AND, IN 

Figure 1: Search strategy adopted for Section 1 of the literature review 

Google scholar        PubMed 

 

 

 

 

 

 

 

 

 

 

 

Selection for review, n=17512(Exclusion based 

on foreign languages n=3490) 

 

Selection for review, n=30(Exclusion based on 

title and abstracts n=17482) 

 

Selection for review, n=10(Exclusion based on 

duplicates, n=20) 

 

Selection for review, n=4(Exclusion based on 

obtaining a score less than 50% in critical 

appraisal tools, n=6) 

 

Selection for review, n=890(Exclusion 

based on studies conducted on animals 

n=90) 

 
Selection for review, n=825(Exclusion based 

on foreign languages, n=65) 

 

Selection for review, n=26(Exclusion based 

on title and abstracts, n=799) 

 

Selection for review, n=8(Exclusion based 

on duplicates n=18) 

 

 Selection for review, n=3(Exclusion based 

on obtaining a score less than 50% in critical 

appraisal tools n=5) 

 

Articles identified using the search strategy, 

N=980 

 

 Selection for review, n=21002(Exclusion based 

on citations and patents n=6480) 

 

 Articles identified using the search strategy, 

N=27480 
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Literature reports that persistent quadriceps weakness in seen after lower limb 

injury. An important underlying factor behind persistent post-traumatic quadriceps 

weakness is arthrogenic muscle inhibition. AMI prevents the complete activation of the 

muscle and hence impedes recovery after injury.5,6,7 If left untreated, quadriceps 

inhibition may prevent the restoration of pre-injury quadriceps function, thereby leading 

to further joint damage or osteoarthritis and long term may contribute to muscle atrophy. 

Therefore, therapeutic intervention is required that could block or slow down AMI in 

some way and allow early activation of quadriceps.8 

Level of evidence:  I 
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2.4. Section 2: Outcome measures for lower limb injury and rehabilitation 

Objectives: To review the usefulness of EMG, in knee rehabilitation 

Keywords:  Electromyography, rehabilitation 

Boolean operators: AND, IN 

Figure 2: Search strategy adopted for Section 2 of the literature review 

               Google scholar                                                                    PubMed 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selection for review, n=8918(Exclusion based 

on foreign languages n=3349) 

 

Selection for review, n=39(Exclusion based on 

title and abstracts n=8879) 

 

Selection for review, n=10(Exclusion based on 

duplicates, n=29) 

 

Selection for review, n=1(Exclusion based on 

obtaining a score less than 50% in critical 

appraisal tools, n=9) 

 

Selection for review, n=1069(Exclusion 

based on studies conducted on animals 

n=179) 

 

Selection for review, n=920(Exclusion 

based on foreign languages, n=149) 

 

Selection for review, n=42(Exclusion based 

on title and abstracts, n=878) 

 

Selection for review, n=13(Exclusion based 

on duplicates n=29) 

 

 

Selection for review, n=1(Exclusion based 

on obtaining a score less than 50% in critical 

appraisal tools n=12) 

 

Articles identified using the search strategy, 

N=1248 

 

 Selection for review, n=12267(Exclusion 

based on citations and patents n=5230) 

 

 

 Articles identified using the search strategy, 

N=17497 
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Literature reports that EMG has strong reliability in assessing quadriceps 

voluntary activation. Also, it has been reported that a familiarization session prior to 

voluntary activation assessment may be beneficial in order to gain understanding and co-

operation from the patients. 

Level of evidence:  III 
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2.5. Section 3. Pressure biofeedback in rehabilitation 

Objectives: To evaluate the use of pressure biofeedback in rehabilitation 

Keywords: Pressure biofeedback, rehabilitation 

Boolean operators: IN, AND 

Figure 3: Search strategy adopted for Section 3 of the literature review 

                Google scholar      PubMed 

 

 

 

 

 

 

 

 

 

 

 

 

Selection for review, n=8918(Exclusion based 

on foreign languages n=3349) 

 

Selection for review, n=39(Exclusion based on 

title and abstracts n=8879) 

 

Selection for review, n=10(Exclusion based on 

duplicates, n=29) 

 

Selection for review, n=1(Exclusion based on 

obtaining a score less than 50% in critical 

appraisal tools, n=9) 

 

Articles identified using the search strategy, 

N=1248 

 

Selection for review, n=1069(Exclusion 

based on studies conducted on animals 

n=179) 

 

Selection for review, n=920(Exclusion based 

on foreign languages, n=149) 

 

Selection for review, n=42(Exclusion based 

on title and abstracts, n=878) 

 

Selection for review, n=13(Exclusion based 

on duplicates n=29) 

 

 

Selection for review, n=1(Exclusion based on 

obtaining a score less than 50% in critical 

appraisal tools n=12) 

 

 Selection for review, n=12267(Exclusion based 

on citations and patents n=5230) 

 

 

 Articles identified using the search strategy, 

N=17497 
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Literature reports that Biofeedback has been used extensively in rehabilitation to 

facilitate normal movement patterns after an injury. It provides information in the form of 

extrinsic feedback. Patients using this feedback can have a greater active role in therapy 

and helps them to gain more control over desired muscles. EMG Biofeedback has been 

used to facilitate recovery of quadriceps by muscle re-education techniques however it is 

not feasible for routine rehabilitation. Pressure biofeedback has been used extensively for 

strengthening of deep cervical flexors of the neck. It provides active visual feedback and 

helps in gaining co-operation of the patients. It has also been used for the strengthening 

core abdominal muscles, however, its role in knee rehabilitation remains unexplored. 

Level of evidence: I 
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2.6. Table I. Summary of literature review 

 

1  

Sl. No. 1 

Author Hart M J et al 

Journal Journal of Athletic Training 

Study design Systematic review 

No. of articles 18 

Results In patients with anterior knee pain, anterior cruciate ligament deficiency or 

reconstruction, quadriceps activation failure is common and is seen bilaterally 

Limitation The methodological quality of the study selected was low based on the level and 

PEDro score 

Quality of article CASP- 8/10(80%) 

2  

Sl. No 2 

Author Pamukoff ND et al 

Journal Journal of Athletic Training 

Study design Cross-sectional study 

No. of subject 40 

Results Subjects with ACL reconstruction showed lesser quadriceps activation 

Limitations Injured subjects with all graft types were included 

Quality of article AXIS- 13/20(65%) 

3  

Sl. No 3 
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Author M Riann et al 

Journal Journal of Athletic training 

Study design Crossover study design 

No. of subject 14 

Result Pain and effusion both lead to quadriceps dysfunction and inhibition 

Limitations The pain was quantified directly only after experimental conditions were induced 

Quality of article JBI critical appraisal tool- 6/9(66%) 

4  

Sl. No 4 

Author Hurley MV et al 

Journal Clinical Science 

Study design Case series 

No. of subject 8 

Result Greater joint damage is caused due to AMI, Quadriceps weakness and instability 

Limitations The short duration of intensive rehabilitation 

Quality of article JBI critical appraisal tool-7/10(70%) 

5  

Sl. No 5 

Author Hopkins JT et al 

Journal Journal of Sports Rehabilitation 

Study design Systematic review 

Result AMI is a major limiting factor in rehabilitation 

Limitations Lack of a standardized treatment model 

Quality of article CASP-7/10(70% ) 
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6  

Sl. No 6 

Author Rice DA et al 

Journal Seminars in Arthritis and Rheumatism 

Study design Systematic Review 

Result AMI significant barrier in rehabilitation after a knee injury and surgery 

Limitations Neural mechanism of AMI unclear 

Quality of article CASP- 8/10(80%) 

7  

Sl. No 7 

Author Neblett et al 

Journal Biofeedback 

Study design Case series 

No. of subject 2 

Result Surface EMG biofeedback training can be used as an adjunct in rehabilitation 

Limitations Standardization of procedure not done 

Quality of article JBI- 7/10(70%) 

8  

Sl. No 8 

Author Cumhur C et al 

Journal International journal of clinical and experimental medicine 

Study design Randomized control trial 

No. of subject 13 

Result EMG Biofeedback is good for rehabilitation 

Limitations Rehabilitation was given after 1 week of surgery 
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Quality of article CASP-10/11(90%) 

9  

Sl. No 9 

Author Giggins et al 

Journal Journal of Neuro Engineering and Rehabilitation 

Study design Systematic Review 

Result Biofeedback is essential for rehabilitation 

Limitations More RCT’s needed to be conducted with biofeedback 

Quality of article CASP- 8/10(80%) 

10  

Sl. No 10 

Author Wasielewski NJ et al 

Journal Journal of Athletic Training 

Study design Systematic review 

No. of subject 319 

Result EMG biofeedback was effective for short term knee pain post-surgery 

Limitations It was not beneficial for chronic knee conditions 

Quality of article CASP- 8/10(80%) 

11  

Sl. No 11 

Author O Ozlem et al 

Journal Rheumatology International 

Study design Randomized controlled trial 

No. of subject 40 

Result No difference between and strengthening exercises and EMG Biofeedback training 
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Limitations Outcome measures used were poor 

Quality of article CASP-9/11(81%) 

12  

Sl. No 12 

Author Draper V et al 

Journal Physical Therapy 

Study design Randomized control trial 

No. of subject 22 

Result Biofeedback along with strengthening exercises aids  recovery of quadriceps 

Limitations Data collector was not blinded to the study 

Quality of article CASP- 10/11(90%) 

13  

Sl. No 13 

Author J Mohankrishnan et al 

Journal International journal of clinical and experimental physiology 

Study design Case study 

No. of subject 1 

Result Increase in isometric quadriceps pressure during rehabilitation 

Limitations Reliability and validity of instrumentation not done 

Quality of article Centre for evidence-based management critical appraisal tool-6/10(60%) 

14  

Sl. No 14 

Author Kang DY et al 

Journal Journal of physical therapy science 

Study design Randomized control trial 
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No. of subject 20 

Result Deep cervical flexor training with a pressure biofeedback unit improves muscular 

endurance by facilitating deep cervical flexor contraction. 

Limitations Increased Deep cervical flexor endurance reduces cervical lordosis. 

Quality of article CASP- 8/10(80%) 

15  

Sl. No 15 

Author Luc B A et al 

Journal Journal of electromyography and kinesiology 

Study design Crossover design 

No. of subject 14 

Result Stimulus delivery method which was used during the evaluation of voluntary 

activation of quadriceps influence the level of maximal voluntary isometric 

contraction peak torque and central activation ratio 

Limitations Subjects were not screened prior for psychological issues like the fear for electrical 

stimulation which can affect maximal voluntary isometric contraction and central 

activation ratio. 

Quality of article JBI critical appraisal tool-7/9(77%) 

16  

Sl. No 16 

Author Bertrand SC et al 

Journal British Journal of Sports Medicine 

Study design Systematic Review 

Result Physical therapy exercises which included open chain quadriceps exercises in patients 

following ACLR demonstrated significantly improved quadriceps function which 

may indicate restoration of more optimal quadriceps neuromuscular function. 
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Limitations Some studies that were included were laboratory-based studies whose results may not 

be extrapolated to a clinical scenario 

Quality of article CASP- 8/10(80%) 

17  

Sl. No 17 

Author Daniel P et al 

Journal Knee Surgery, Sports Traumatology, Arthroscopy 

Study design Systematic Review 

No. of subjects 416 

Result Biofeedback in early postoperative rehabilitation after TKA is effective in improving 

gait symmetry, reducing pain and increasing activity level. 

Limitations Great variety of devices used for feedback limits comparisons between studies. 

Quality of article CASP- 8/10(80%) 

18  

Sl. No 18 

Author Balshaw T G et al 

Journal European Journal of Applied Physiology 

Study design Reliability study 

No. of subjects 20 

Result Surface EMG measurements from large muscles averaging the recording of two 

distinct sites is recommended as it improves within-participant reliability. This 

improved sensitivity has application to clinical and research measurement of sEMG 

amplitude. 

Limitations Cross talk between sensors could have been a possibility. 

Quality of article JBI critical appraisal tool-7/9(77%) 
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2.7. Summary 

Various studies have been conducted on arthrogenic muscle inhibition which is 

seen post lower limb injury or surgery. EMG biofeedback has been used for rehabilitation 

however there is a lack of use of standardized procedure as well as blinding in various 

studies that have been conducted till date. There is a dearth of literature and lack of good 

evidence of using pressure biofeedback device for the early activation of quadriceps 

using after lower limb surgeries. Since EMG Biofeedback is not cost effective there is a 

need to study the effect of pressure biofeedback for early activation of quadriceps as it 

also provides visual feedback making patient involvement in treatment crucial. 
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3. Methodology 

The methodology which was employed in this study is described as follows: 

3.1. Study design: Randomized controlled trial 

3.2. Sampling source: Orthopaedics in-patient ward, JSS Hospital 

3.3. Sampling strategy: Convenience sampling will be employed using specific criteria 

for this randomised controlled trial.34,35 Allocation to groups will be done by block 

randomisation. Nine (9) blocks of 8 chits each with an equal number of control and 

experimental group will be generated. The chits will be randomly ordered in each block 

and tied with a rubber band and kept apart. Thus 9 blocks will be generated and these will 

be ordered using computer-generated random numbers between 1 and 8. These will be 

kept in a sequentially numbered opaque sealed envelope.36 As the first patient becomes 

available, the first chit in the topmost block will be picked and the patient will be 

allocated to whichever is mentioned in the chit. The same procedure will be followed for 

all patients. The allocation will be done by a person blinded to the study. 

3.4. Sample size: The sample size was generated by using G*power 3.0.10 software. 

The input was:  

  Effect size f = 0.7 

  α = 0.05 

  Power β = 0.8 

Number of groups = 2  

Number of measurement = 1 

 Allocation ratio =1 
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Output parameters-  

Non centrality parameter = 2.8861739 

  Total minimum sample size = 72 

 

3.5. Participants characteristics 

Inclusion criteria 

 Patients who have undergone surgeries in the lower limb with altered quadriceps 

mechanism. 

 Elective surgeries of knee joint/ hip joint. 

 Exclusion criteria  

 Cognitive impairments 

 Inability to understand instruction 

 Patients with nerve injury 

 Patients with external fixators 

 Patients with an above knee plaster cast 

 Patients with immobilized knee 
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3.6. Outcome measures 

Surface EMG (Neurostim-NS 2, Version 1.1) 

 

 

 

Plate no.1 Surface EMG (NeuroStim NS-2, Version 1.1) 
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3.7. Materials required 

 Plinth 

 Board 

 Pressure biofeedback (Stabilizer pressure biofeedback unit by Chattanooga) 

 Surface EMG - NeuroStim-NS 2, Version 1.1, Medicaid (Appendix F) 

 

 

Plate no.2 Stabilizer pressure biofeedback unit by Chattanooga 
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3.8. Procedure 

Approval was obtained from the Institutional Research Committee(Appendix B1) 

following which clearance was obtained from the Institutional Ethical Committee of JSS 

University(Appendix B2).Following this, permission was taken from the Head of 

Department, Orthopedics (Appendix C) as well as from the Medical Superintendent, JSS 

Hospital(Appendix D). The study was done in two phases. Phase 1 was further divided 

into 2 sections. The phase I consisted of validation of the tools and standardization of the 

procedure. This phase was completed prior to the initiation of the trial. Phase 2 consisted 

of the randomized control study. 

Phase 1: Validation of tools 

Muscle activity using EMG instrument: 

Validation of the EMG instrument was done on 10 subjects who were not part of 

the main study. The subjects were asked to lie in supine position. Before placement of 

electrodes, the skin was carefully prepared. Then, PBF was placed under the knee joint. 

Then the device was inflated to 30 mm Hg. Following this, a goniometer was used to 

measure if there is knee flexion. If there was flexion more than 5°, the pressure was 

reduced to the point where the knee was flexed less than 5°. Then the subject was asked 

to press down the knee on the device with a minimal contraction of the muscle where he/ 

she has to press down on the device until there be an increase of pressure up to 8mm Hg, 

by tightening the muscle and will be asked to maintain the pressure for time duration of 

10 seconds. For the next trial, the subject had to press the knee down with moderate 

contraction where he/ she has to press down and increase the pressure up to 16mm Hg by 
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pulling patella upwards but without movement of the limb. The maximum contraction 

was noted if the value was above 16mm of Hg from the baseline.9 

This was repeated thrice for both the limbs. Then the subjects were given a break 

time of ten minutes to avoid fatigue and the procedure was repeated for three times for 

both the limbs. Two trials were given prior to the commencement for the better 

understanding of technique. EMG activity of vastus medialis were attempted to record 

with EMG surface electrodes. SENIAM guidelines (APPENDIX E) were followed for the 

placement of electrodes. 

 

Plate no.3 Standardization of vastus medialis surface EMG recording 
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Standardization of Baseline value of pressure biofeedback procedure 

Ten patients not included in the study were used for attaining baseline value of 

pressure biofeedback device. The equipments required for the procedure were as follows: 

 Plinth 

 Board 

 Pressure biofeedback 

The patients were explained the procedure in the following manner.  The patient 

was asked to lie in a supine position on the plinth. The pressure biofeedback was placed 

under the knee joint. Then the device was inflated to 30 mm Hg. Following this, a 

goniometer was used to measure if there is knee flexion. If there was flexion more than 

5°, the pressure was reduced to the point where the knee was flexed less than 5°. Then the 

subject was asked to press down the knee on the device with a minimal contraction of the 

muscle where he/ she has to press down on the device until there be an increase of 

pressure up to 8mm Hg, by tightening the muscle and was asked to maintain the pressure 

for time duration of 10 seconds. For the next trial, the subject had to press the knee down 

with moderate contraction where he/ she has to press down and increase the pressure up 

to 16mm Hg by pulling patella upwards but without movement of the limb. For the third 

trial, the subject had to press the knee down on the device with maximal contraction 

where he/she can lift the knee to a terminal extension. 

This was repeated thrice for both the limbs. Then the subject was given a break 

time of ten minutes to avoid fatigue and the procedure was repeated for three times for 

both the limbs. Two trials were given prior to the commencement for the better 

understanding of technique. 
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 While the subject was undergoing the test, therapist supervision ensured that 

compensatory activities like hiking of the pelvis or plantar flexion do not take place. The 

readings were acquired from the pressure biofeedback device and documented. 

 

Plate no.4 Standardization of baseline pressure for pressure biofeedback 
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         Figure 4:  Flow chart adopted for validation of tools 
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obtained 

 

Validation of EMG procedure for observing 

muscle activity 

Standardization of baseline pressure of pressure 

biofeedback 

Permission from Medical Superintendent, JSS 

Hospital obtained 

Permission from Head of Department, 

Orthopedics, JSS Hospital obtained 
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Phase 2: Randomized Controlled Study 

Patients in the in-patient orthopedic ward, JSS Hospital were screened for the 

inclusion in the study. Eligible patients were selected. The study procedure was explained 

to the patient. Informed consent was obtained and patients were allocated to experimental 

and control groups as described under 3.3. 

Established traditional physiotherapy care that has been practiced in JSS Hospital, 

Mysuru which focuses on an early range of motion muscle training and strategies to 

prevent post-operative complications like reduction of edema and chest care will be 

followed for the control group (Appendix D). The experimental group underwent the 

established protocol and additional pressure biofeedback. In order to control for the role 

of therapy time, duration of therapy will be kept standard for both groups. 

 While using the pressure biofeedback device, the patient was made to lie supine 

on a plinth. A wooden board will be placed under the patients’ leg in order to avoid false 

readings since the soft bed that the patients lying down on can interfere with the readings. 

The pressure biofeedback will be positioned under the knee. The device will be inflated 

to the baseline value. The patient will be given two trials to the unaffected knee for the 

better understanding of the technique. For the starting position, the patient will be 

instructed to push their knee down against the cuff as strongly as possible. The patient 

was asked to maintain this pressure for 10 seconds before he returns back to his initial 

position. The peak pressure shown on the pressure biofeedback will be noted. In order to 

prevent the patient from performing Valsalva maneuver, the technique will be asked to 

perform during the expiration phase. The patient was given a 1-minute break before the 
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next attempt. The training was performed in addition to the daily standard rehabilitation 

program that the patient will be receiving. The protocol was followed from POD-2 until 

POD-6 for patients in both the groups. 

Outcome measures (EMG of vastus medialis muscle during isometric quadriceps) 

was taken by an assessor blinded to group allocation prior to the commencement of 

treatment on post-operative day 2 and post-operative day 6 after cessation of treatment. 

 

Plate no.5 Placement of electrodes for measuring vastus medialis activity 
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Figure 5: Flow chart adopted for the randomized controlled study 

 

 

Screening and selection of participants based on 

inclusion and exclusion criteria 

Obtained consent from patient 

Random allotment of patients to control and 

experimental groups 

Assessment of patients using outcome measures on 

POD 2 

Implementation of intervention to the groups 

according to protocol 

Reassessment following termination of treatment 

on POD -6  

Data analysis using SPSS 20 (surface EMG-

repeated measures ANOVA) 
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3.9. Data Analysis 

Data was analysed using SPSS software version 20. Surface EMG was analysed 

using repeated measures ANOVA and results was concluded. Tests of normality was 

conducted to ascertain data distribution and the appropriate test was used (parametric in 

case of normal distribution and non-parametric in case of non- normal distribution) 

Significance was considered as p ± 0.01. 
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4. RESULTS 

4.1Phase I 

 The phase I included Standardisation of muscle activity using EMG. Ten subjects 

(n=10) who were not part of the study of recruited for the standardization of muscle 

activity using EMG. The placements of electrodes were standardized in this procedure 

based on SENIAM guidelines (APPENDIX E), the duration and amplitude were taken to 

predict the MUAP for this study. 

 Ten subjects (n=10) who were not part of the main study were recruited to 

standardize the baseline pressure of pressure biofeedback. The values of pressure 

measured through PBF for baseline, mild, moderate, and maximum is shown in table2. 

 

Table 2: Standardized pressure biofeedback values for different strength of contraction 

Baseline* Mild+ Moderate+ Maximum+ 

30 30 – 38 39-46 > 46 

+Pressure measured in millimetre of mercury (mm Hg) presented in range 
* Pressure measured in millimetre of mercury mm Hg 
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Flow chart of study subject’s distribution 
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Table 3: Mean age of subjects 

 Male Female Mean Age ± standard 

deviation++ 

Total 

number 

Recruitment 22 2 47.62 ± 14.49 24 

Control 8 1 58.67 ± 17.21 9 

Experimental  9 1 40.10 ± 6.96 10 

++ Mean age in years. 

 

Table 4: Diagnosis and surgical management of subjects 

Diagnosis & surgical intervention of subjects Control group 
Experimental 

group 

Fractures of femur-ORIF with T buttress plate and 

screws, CRIF with long PFN, 
6 4 

Fracture around the knee joint- ORIF with tension 

band wiring 
1 2 

ACL ligament injuries- ACL reconstruction with 

semitendinosus graft 
1 1 

Fractures of tibia- implant removal, ORIF with a 

condylar plate, CRIF with an intramedullary 

interlocking nail 

1 3 
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Phase II 

Results of EMG measurement 

The amplitude and duration of the motor unit action potential of vastus medialis 

muscle was recorded on post-operative day 2 and post-operative day 6 using surface 

EMG. A repeated measure ANOVA (table 3 and 4) with a Mauchy’s test for sphericity 

(0.24) was used in this study for both duration (ms) and amplitude (µA). There was no 

statistical significance in motor unit action potential amplitude for within the groups 

F(5,85) =1.735,p=0.135(p>0.01.). However, there was a statistical significance between 

the control and experimental group in MUAP amplitude measured by EMG. F (1,17) = 

49.09, p=.000(p<.0.01).  

Table 5: Repeated measures ANOVA for amplitude 

Amplitude Df Mean square F value Significance 

Between group 
1 

17 
7726434.505 49.09 .000 

Within group 
5 

85 
125713.466 1.735 .135 
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Table 6: Repeated measures ANOVA for duration 

Duration Df Mean square  F value Significance 

Between-group 

1 

17 

2493.880 71.8 .000 

Within-group 

5 

85 

14.49 1.3 .270 

 

There was a statistical significance in MUAP mean amplitude in the experimental 

group (mean difference-205.4) when compared to the control group (mean difference-

2.27) post intervention. The experimental group (mean difference-127.4) showed better 

improvement in mean amplitude for moderate contraction when compared to the control 

group (mean difference: -4) post-intervention. The experimental group(mean difference-

308.1) also exhibited better improvement in mean amplitude for maximum contraction 

when compared to control group(mean difference: -24.9). Even though there was an 

improvement in the amplitude clinically within the groups, it was not statistically 

significant.  
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Table 7: Comparison of MUAP amplitude of groups at baseline measurement and on 

POD-6 

*Amplitude measured in µV 

There was no statistical significance difference in motor unit action potential 

duration for within the groups F(5,85)=1.303, p=0.270 (p>0.01). However, there was a 

statistical significance between the control and experimental group in duration measured 

by EMG F (1,17) =71.84, p=0.000(p<0.01). The (MUAP mean duration in the 

experimental group (mean difference-3.7) when compared to the control group (mean 

difference-3.46) post-intervention. The experimental group (mean difference-4.1) showed 

better improvement in mean duration for moderate contraction when compared to control 

group (mean difference: -0.59) post intervention. The experimental group (mean 

difference-4.77) also exhibited better improvement in mean duration for maximum 

Amplitude* Group 

Pre 

Mean ± Standard 

deviation 

Post 

Mean ± standard 

deviation 

Mean 

difference 

Mild 

contraction 

Control 393.4± 435.537 395.67 ± 421.17 2.27 

Experimental 155.5 ±335.70 360.9 ±229.24 205.4 

Moderate 

contraction 

Control 225.6 ±287.9 221± 239.9 -4 

Experimental 147.5± 304.8 274.9± 236.41 127.4 

Maximum 

contraction 

Control 210± 175.6 185.1± 150.7 -24.9 

Experimental 125.3 ±237.6 433.4± 335.5 308.1 



41 
 

contraction when compared to the control group (mean difference: -0.9). Even though 

there was an improvement in the duration clinically within the groups, it was not 

statistically significant. This trend could have occurred since both the groups were not 

equal at the baseline. The control group started off having higher baseline values when 

compared to experimental group. Hence, this can be a regression of mean. No serious 

complications occurred to any individual following the intervention, to either of the 

group and the subjects were able to tolerate the intervention well.  

Table 8: Comparison of MUAP duration of groups at baseline measurement and on 

POD-6 

*Duration measured in ms 

 

 

Duration* Group 

Pre 

Mean ± Standard 

deviation 

Post 

Mean ± 

standard 

deviation 

Mean 

difference 

Mild contraction 

Control 4.14±4.03 7.6±4.7 3.46 

Experimental 
1.9 ±3.2 

5.6±3.2 3.7 

Moderate 

contraction 

Control 
4.1.±4.15 

4.69±4.64 0.59 

Experimental 
1.4±2.73 

5.5±4.25 4.1 

Maximum 

contraction 

Control 
5.6±4.2 

6.5±3.7 0.9 

Experimental 
2.03 ±3.5 

6.8±3.6 4.77 
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5. Discussion 

 The objectives of the study were to explore the effectiveness of pressure 

biofeedback in the early activation of quadriceps following lower limb orthopedic 

surgeries and to standardize the procedure of using pressure biofeedback for quadriceps 

training. There was a statistically significance between the control and experimental 

group in terms of amplitude and duration of the motor unit action potential. Since the 

assumption sphericity(0.24) was met, we did not look at the Greenhouse Geisser 

correction. 

 The EMG showed a decreased activity and few reporting no activity during the 

initial in mild and moderate contraction. This may be well supported by the study 

conducted by Michael R Torry et al, who reported decreased EMG activity after knee 

effusion, which may have caused due to muscle inhibition. supporting this Rian M et al in 

a crossover study reported that joint effusion and pain are contributing factors to 

quadriceps dysfunction. 

 One of the major factors that helped to achieve a significant change in the 

activation of vastus medialis muscle of subjects enrolled in the experimental group was 

the real-time information given out by the pressure biofeedback. It imparted motivation 

to the patients and encouragement to perform more and push themselves to their limits. It 

also helped in setting goals that were realistic and achievable. It may have helped to 

enhance the normal movement by altering involuntary muscle contraction and 

specifically contracting the suitable muscle. Yu IY et al reported that activity and 

thickness of infraspinatus muscle can be improved when it is trained using pressure 
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biofeedback. The reason for the experimental group to have a significant improvement in 

EMG results may be due to the effective use of biofeedback.   

 The Mean difference in duration and amplitude component of EMG recorded in 

the experimental group had shown a better result when compared with the control group, 

this is well supported by the relationship of MUAP with the anatomical phenomena, 

which states that increased amplitude and duration is the result of increased number of 

muscle fibres and grouping (Ignacio Rodriguez-Carino et al). 

5.1. Strengths of the study 

 The strength of the study was that the procedure was standardized prior to the 

initiation of the trial to improve the research rigor. The blinding of the assessor to the 

random allocation and intervention helped to avoid bias.  

5.2. Limitations of the study 

 The calculated sample size was not met due to the lack of hospital admissions 

during the data collection period and patients did not fulfil the inclusion criteria. So, the 

sample was recalculated considering the effect size and was reduced to 20 subjects. 

Initially, the outcome measures were planned to be taken on POD 1 and POD 5. 

However, it was not possible since the removal of wound dressing was not feasible, due 

to chances of the infection. The mobilization of the patients following the surgery was 

not initiated equally for the patients since the decision of weight bearing status was not 

based only on the treating therapist’s discretion but also the orthopedic surgeon.  
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5.3. Future implications 

 Studies with more sample sizes should be conducted to validate the use of 

pressure biofeedback. Also, studies can be conducted where quadriceps lag is taken into 

consideration along with the EMG recordings to correlate and find the effect of early 

quadriceps activation in reducing quadriceps lag.  
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6. Conclusion 
 Pressure biofeedback can be used as an adjunct along with traditional methods 

that are used to counter arthrogenic muscle inhibition following lower limb orthopedic 

surgeries.  
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APPENDIXC1 

Informed Consent Form- English 

TITLE OF THE STUDY:  Role of pressure biofeedback in early activation of 

quadriceps following lower limb Orthopedic surgeries- A Randomized Controlled 

Study  

Principal investigator: Jeslin T Achens 

Phone Number: +91 8867124400/ +91 7907023945 

Please read this form carefully.  If you don’t understand the language or any 

information in this document, please discuss with principal investigator. Your 

participation in this study is voluntary, and you can enquire about all details before giving 

your written consent to participate in this study. 

Purpose of research: To identify the role of pressure biofeedback in the early activation 

of quadriceps following lower limb orthopedic surgeries 

PROCEDURE 

I understand that I will be asked to perform exercises, before and after which I will be 

assessed using surface EMG and bubble inclinometer 

BENEFITS 

If proven to be effective, pressure biofeedback can be routinely used in the early           

rehabilitation of patients following lower limb injury 

CONFIDENTIALITY 

I understand that medical information produced by this study will become a part of my 

hospital records and will be subject to confidentiality and privacy regulations of the 

hospital. If the data are used for publication in medical literature or for teaching purposes, 
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no names will be used and photographs/videos will be used only with my special written 

permission. 

REQUEST FOR MORE INFORMATION 

I understand that, I may ask any query about the study at the any time to Jeslin Thomas 

Achens at the following No. +918867124400 or email id:jeslin747@gmail.com for 

further information regarding the study.  

Also, he/she may contact Mr. Vijay Samuel Raj, JSS College of   Physiotherapy, for any 

clarification and future study. The copy of consent form will also be given to me.  

Injury statement: I understand that it is unlikely to get injured directly during my 

participation in this study, and in such case first aid will be given but no further 

compensation would be provided by the department or hospital. I am aware that by 

agreeing to participate in this study, I am not waiving any of my legal rights 

REFUSAL OR WITHDRAWAL OF PARTICIPATION 

I understand that my participation is voluntary and that I may refuse his/her participation 

or withdraw consent and discontinue at any time during the period of study. 

I have explained to……………………………………………………..,............................ 

………………………………………………………………………the purpose of the 

research, the procedures required, and the possible risks and benefits to the best of my 

ability. 

………………………………………………………………………………………….....                                                    

……………………………………………………. 

Investigator                                                                            Date: 

Witness                                                                                   Date:  

mailto:jeslin747@gmail.com
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I confirm that Mr. Jeslin has explained to me the purpose of research, the study 

procedures that I will undergo the possible risks and discomforts as well as benefits I may 

have. Alternative to my participation in the study have also been discussed. I have read 

and understood this consent form. Therefore, I agree to give my consent for my 

participation as a participant in this research project. 

 

…………………………………………………………………………………………  

…………………………………………………………………………………………  

Participant                                                                                                                                 

Date 
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APPENDIX C2 

INFORMED CONSENT FORM-KANNADA 
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APPENDIX D 

 

Standard exercises to be given to control and experimental groups 

Patient education  

Breathing exercises, 10 Repetitions X 3 Sets 

Isometric quadriceps, 10 Repetitions X 3 Sets 

Ankle toe movements,10 Repetitions X 3 Sets 

Heel slides, 10 Repetition X 3 sets 

Long arc quadriceps,10 Repetitions X 3 Sets 

Short arc quadriceps, 10 Repetitions X 3 Sets 

Hip abduction,10 Repetitions X 3 Sets 

Bed side sitting 

Mobilization (non-weight bearing/partial weight bearing/full weight bearing) 
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APPENDIX -E 

SENIAM guidelines for recording muscle activity using surface EMG 

from vastus mediais muscle 

Placement 

Starting position Supine position with with knees in slight flexion  

Location At 2/3 of line anterior spina iliaca superior – lateral side of 

patella 

Orientation In the direction of muscle fibre 
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Appendix F: Technical specification for NeuroStim NS-2 

Channels 1,2 or 4 

Sensitivity 0.1, 0.2, 0.5, 1,2,5,10,20,50,100,200,500uv/div 

High cut Selectable at 100,200,500Hz;1,2,3,5,10 Khz 

Low cut Selectable at 0,2,20,30,100,200,500 Hz 

Sweep speeds 

1 to 1000ms/ div in 19 steps 

(1,1.5,2,3,5,7,10,15,20,30,50,75,100,150,200,300,500,750,1000) 

CMRR >100 dB 

Input 

impedance 

>100 M ohm(common mode) 

Noise 0.5 µV(1 Hz to 10Hz) 
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APPENDIX G 

Critical appraisal tools 

Appendix G 1: CASP for RCT 

Questions Answer 

Did the trial address a clearly focused issue? Yes/No/Can’t tell 

Was the assignment of patients to treatments randomised? Yes/No/Can’t tell 

Were all of the patients who entered  

the trial properly accounted for at its  conclusion? 

Yes/No/Can’t tell 

Were patients, health workers and study personnel ‘blind’ to 

treatment? 

Yes/No/Can’t tell 

Were the groups similar at the start of the trial? Yes/No/Can’t tell 

Aside from the experimental intervention, were the groups treated 

equally? 

Yes/No/Can’t tell 

How large was the treatment effect?  

How precise was the estimate of the treatment effect? Yes/No/Can’t tell 

Can the results be applied in your context?  (or to the local 

population?) 

Yes/No/Can’t tell 

Were all clinically important outcomes  

considered? 

Yes/No/Can’t tell 

Were all clinically important outcomes  

considered? 

Yes/No/Can’t tell 
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APPENDIX G2 

CASP for systematic review 

Questions Answer 

Did the review address a clearly focused question? Yes/No/Can’t tell 

Did the authors look for the right type of papers? Yes/No/Can’t tell 

Do you think all the important, relevant studies were included? Yes/No/Can’t tell 

Did the review’s authors do enough to assess the quality of the 

included studies? 

Yes/No/Can’t tell 

If the results of the review have been combined, was it reasonable 

to do so? 

Yes/No/Can’t tell 

What are the overall results of the review?  

How precise are the results?  

Can the results be applied to the local population? Yes/No/Can’t tell 

Were all important outcomes considered? Yes/No/Can’t tell 

Are the benefits worth the harms and costs? Yes/No/Can’t tell 
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APPENDIX G3 

Appraisal tools for cross sectional studies (AXIS) 

Question  Yes No Don’t 

know 

Were the aims/objectives of the study clear?     

Was the study design appropriate for the stated aim(s)?     

Was the sample size justified?     

Was the target/reference population clearly defined? (Is it 

clear who the research was about?)  

   

Was the sample frame taken from an appropriate population 

base so that it closely represented the target/reference 

population under investigation?  

   

Was the selection process likely to select 

subjects/participants that were representative of the 

target/reference population under investigation?  

   

Were measures undertaken to address and categorise non-

responders?  

   

Were the risk factor and outcome variables measured 

appropriate to the aims of the study?  

   

Were the risk factor and outcome variables measured 

correctly using instruments/measurements that had been 

trialled, piloted or published previously?  

   

Is it clear what was used to determined statistical 

significance and/or precision estimates? (e.g. p-values, 

confidence intervals)  

   

Were the methods (including statistical methods) 

sufficiently described to enable them to be repeated?  

   

Were the basic data adequately described?     

Does the response rate raise concerns about non-response 

bias?  
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If appropriate, was information about non-responders 

described?  

   

Were the results internally consistent?     

Were the results presented for all the analyses described in 

the methods?  

   

Were the authors' discussions and conclusions justified by 

the results?  

   

Were the limitations of the study discussed?     

Were there any funding sources or conflicts of interest that 

may affect the authors’ interpretation of the results?  

   

Was ethical approval or consent of participants attained?     
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Appendix D-3 

Critical appraisal tool for case study (centre for evidence based 

management) 

Questions Yes  Can’t tell No 

Did the study address a clearly focused question / issue?    

Is the research method (study design) appropriate for 

answering the research question? 

   

Are both the setting and the subject’s representative with 

regard to the population to which the findings will be 

referred? 

   

Is the researcher’s perspective clearly described and  

account? 

   

Are the methods for collecting data clearly described?    

Are the methods for analysing the data likely to be valid 

and reliable? Are quality control measures used? 

   

Was the analysis repeated by more than one researcher to 

ensure reliability? 

   

Are the results credible, and if so, are they relevant for 

practice? 

   

Are the conclusions drawn justified by the results?    

Are the findings of the study transferable to other settings?    
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Appendix G5 

JBI Critical appraisal tool for case series study 

Questions Yes NO Unclear Not 

applicable 

Were there clear criteria for inclusion in the case series?      

Was the condition measured in a standard, reliable way for 

all participants included in the case series?  

    

Were valid methods used for identification of the condition 

for all participants included in the case series?  

    

Did the case series have consecutive inclusion of 

participants?  

    

Did the case series have complete inclusion of participants?      

Was there clear reporting of the demographics of the 

participants in the study?  

    

Was there clear reporting of clinical information of the 

participants?  

    

Were the outcomes or follow up results of cases clearly 

reported?  

    

Was there clear reporting of the presenting site(s)/clinic(s)     
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demographic information?  

Was statistical analysis appropriate?      

 

 

APPENDIX D-5 

JBI critical appraisal tool for quasi experimental studies 

Question Yes No Unclear Not 

applicable 
Is it clear in the study what is the cause’ and 

what is the ‘effect’ (i.e. there is no confusion 

about which variable comes first)?  

    

Were the participants included in any 

comparisons similar?  

    

Were the participants included in any 

comparisons receiving similar treatment/care, 

other than the exposure or intervention of 

interest?  

    

Was there a control group?      

Were there multiple measurements of the 

outcome both pre and post the 

intervention/exposure?  

    

Was follow up complete and if not, were 

differences between groups in terms of their 

follow up adequately described and analysed?  

    

Were the outcomes of participants included in 

any comparisons measured in the same way?  

    

Were outcomes measured in a reliable way?      

Was appropriate statistical analysis used?      
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	39. Rodríguez-Carreño, I., Malanda-Trigueros, A. and Gila-Useros, L. (2012). Motor Unit Action Potential Duration: Measurement and Significance. INTECH Open Access Publisher.
	40. R. Torry, M., J. Decker, M., J. Millet, P., Richard Steadman, J. and I. Sterett, W. (2005). The Effects of Knee Joint Effusion on Quadriceps Electromyography During Jogging. J Sports Sci Med, [online] 4(1), pp.1-8.
	41. Yu IY, Choo YK, Kim MH, Oh JS. The effects of pressure biofeedback training oninfraspinatus muscle activity and muscle thickness. J Electromyogr Kinesiol. 2018Apr;39:81-88.
	APPENDIX A- Review from Rajiv Gandhi University of Health Sciences

