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Abstract 

Osteoarthritis is a degenerative joint disease occurring primarily in older persons and predominantly 

affecting medial tibiofemoral compartment leading to pain, loss of function and reduced quality of life. 

During walking, forces across the knee joint are not transmitted equally between the medial and lateral 

compartments. Increased mechanical load and damage to the medial side of the knee joint has been 

associated with increasing knee varus alignment, further loading the medial compartment which causes 

symptoms of medial knee osteoarthritis. This study was aimed to determine the effects of neuromuscular 

exercises for improving pain and physical function in patients with medial knee osteoarthritis. 30 subjects 

with medial knee osteoarthritis that fulfilled the inclusion criteria were randomly assigned into 2 groups; 

15 in each group. Control group received conventional treatment and experimental group received 

neuromuscular exercises along with conventional treatment. The treatment duration was 45 minutes in 

each session for 6 days in a week and the trial stretching 8 weeks. Statistical analysis of inter group 

significance by independent sample t-test for WOMAC [t=2.356>table value, t= 2.048], isometric knee 

extension [t=7.941>table value, t=2.048] and Mann-Whitney test for VAS [p=0.007] reveals that 

experimental group showed significant difference between pre-test and post test values of WOMAC, 

isometric knee extension and VAS than the control group. Both groups show significant difference in 

their pre and post–test values. Participants with medial knee osteoarthritis in the experimental group that 

received neuromuscular exercise along with conventional treatment show greater improvement in pain 

and physical function. The findings of this study reveal a more effective exercise treatment option than 

currently exists for this important subgroup of people with knee osteoarthritis. 

 

Keywords: Neuromuscular exercise, osteoarthritis of knee, pain, isometric knee strength 

 

Introduction 

Osteoarthritis (OA) is a degenerative joint disease occurring primarily in older person, 

characterized by erosion of the articular cartilage, hypertrophy of the bone at the margins that 

is osteophytes, subchondral sclerosis and a range of biochemical and morphological alteration 

of the synovial membrane and joint capsule [1]. Knee osteoarthritis predominantly affecting the 

medial tibiofemoral compartment, is a common chronic condition leading to pain, loss of 

function and reduced quality of life [2]. The prevalence of OA increases with age. Men are 

affected more commonly than women before 50 years of age whereas after 50 years of age the 

prevalence in women is 2-3 times greater than men [3]. OA is the second most common 

rheumatologic problem and the reported prevalence of knee OA in elderly in other studies is 

done in India ranged between 32% and 64% [4]. The associated factors were found to be female 

gender, obesity, age and sedentary work [5]. OA can be diagnosed by radiographic changes 

and/or by typical clinical symptoms. Radiographic findings which identify OA include 

osteophyte formation along the joint margins, joint space narrowing, subchondral sclerosis and 

cyst formation. Presence of osteophytes is the most specific radiographic marker of OA, 

although osteophytes are not present in early disease [6]. The knee joint is a complex structure 

with three joint compartments, including the medial and lateral tibio-femoral compartments 

and patella-femoral joint. During walking, forces across the knee joint are not transmitted 

equally between the medial and lateral compartments.  
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The load on the medial compartment is approximately 2.5 

times greater than that on the lateral compartment [7]. 

Consistently higher loads on the medial compartment have 

been shown to result in degenerative changes of the articular 

cartilage. This imbalance in the load distribution may explain 

the higher prevalence of medial compartment involvement 

(75%) reported in subjects with knee OA relative to the lateral 

compartment (25%) [8]. Furthermore, with disease 

progression, increased mechanical load and damage to the 

medial side of the knee joint has been associated with 

increasing knee varus alignment, further loading the medial 

compartment [9]. The poorer prognosis for people with medial 

knee OA and varus malalignment is likely due to the greater 

compressive load borne on the diseased medial compartment 

in these people compared to those with more neutrally aligned 

knees. Varus malalignment causes the ground reaction force 

vector to pass more medially to the knee joint center during 

gait resulting in increased loads across the medial 

compartment [10].  

Neuromuscular Exercise Programme (NEMEX) is typically 

performed in functional weight-bearing positions, 

emphasizing optimal alignment of trunk and lower limb joints 

related to one another, as well as quality of movement of 

performance while dynamically and functionally 

strengthening the lower limb muscles may be able to reduce 

the knee load [11]. The Neuromuscular training method is 

based on biomechanical and neuromuscular principles to 

improve sensorimotor control and achieve compensatory 

functional stability. Sensorimotor control is the ability to 

produce controlled movement through coordinated muscle 

activity, and functional stability is the ability of the joint to 

remain stable during physical activity [12]. A major goal of 

traditional knee OA rehabilitation is to enhance quadriceps 

muscle strength. The aim of NEMEX program is different 

since the intention is to improve postural control and 

functional performance by challenging lower-limb muscles in 

functional positions. Quadriceps strengthening aims to 

increase muscle force production. Unlike conventional 

strength training, neuromuscular exercise addresses the 

quality of movement and emphasizes joint control in all three 

biomechanical or movement planes. Neuromuscular exercise 

has effects on knee functional performance, knee 

biomechanics and muscle activation patterns of the 

surrounding knee musculature. Hence neuromuscular exercise 

helps to improve the overall function of the limb. This study 

was aimed to determine the effects of neuromuscular exercise 

in reducing pain and improving function in patients with 

medial knee osteoarthritis. 

 

Materials and Methods  

Study setting: This study was conducted at the the 

Department of Physiotherapy at Dhanalakshmi Hospital, 

Kannur, India. 

 

Study design: Experimental study 

 

Procedure: Eligible participants were randomly allocated in 

permuted blocks generated a priori by our statistician to either 

the group receiving the NEMEX therapy (experimental) or the 

group receiving the quadriceps strengthening exercises 

(control group). A total of 30 subjects were divided into two 

groups, control group [n=15] & experimental group [n=15]. 

Control group received quadriceps strengthening exercises 

and experimental group received a combination of quadriceps 

strengthening and neuromuscular exercise. Both groups 

received TENS for 10-15 minutes after exercise session to 

reduce pain. Participants were given a short introduction to 

the study. This study was approved by the Research Ethics 

Committee of the Co-operative Institute of Health Sciences, 

Thalassery, Kerala, India. Informed Consent was obtained 

from all patients. 

 

Eligibility criteria: Patients with clinical diagnosis of medial 

knee osteoarthritis of knee confirmed by x-rays, symptoms 

lasting more than 3 months, pain / tenderness over the medial 

region, age between 55 to 60 years, both genders, Medial 

compartment osteophyte [Kellgren and Lawrence Scale: 

Grade 2- 3], and unilateral Involvement were included in the 

study.  

Subjects were excluded from the study with any history of 

knee, hip and ankle surgery prior to the study, peripheral 

vascular disease, any local or systematic infection, mentally 

deficit patients, any deformities in the lower limbs, limb 

length discrepancy, intra articular injection to the knee within 

6 months, patient undergone previous physiotherapy 

treatment, patient with poor balance. 

 

Treatment protocol: Control group received Quadriceps 

strengthening and TENS. Quadriceps strengthening exercises 

included quads over a roll (inner range knee extension) 

against resistance of ankle weights, knee extension in sitting -

sitting with knee at 90° flexion, and fully extend knee against 

resistance of ankle weight, knee extension with hold at 30° 

knee flexion- sitting with knee at 90° flexion and extend to 

30° against resistance of ankle weights, supine straight leg 

raise – raise leg to 30° hip flexion against resistance of ankle 

weights and outer range knee extension- sitting with knee at 

90° flexion, extend to 60° against resistance of elastic band. 

Each exercise was given in sets of 10 repetitions with 5–10-

second hold. 1 set of exercise for 1st week, progressed to 2 

sets in 2nd week and 3 sets in 3rd week. 

Experimental group received neuromuscular exercises for 3 

weeks along with quadriceps strengthening. Neuromuscular 

exercises included Forward and backward sliding or stepping 

- Standing on affected leg and sliding or stepping opposite leg 

forward and backward, Sideways exercises- Standing on 

affected leg and sliding or stepping opposite leg sideways, 

standing on foam and closing eyes during the movement, 

Functional hip muscle strengthening- Standing isometric 

abduction, Functional knee muscle strengthening - Squatting 

against a wall, with progressing to rising from sitting with 

increased weight taken through study leg, Step-ups and down- 

Stepping onto a step, with progression to add 2 kg hand 

weight, and Balance - Standing on affected leg, with 

progression by adding arm movements and then stepping 

forward into foam. All exercises were given in sets of 10 

repetitions.1 set of 10 repetitions without resistance in 1st 

week, 2 sets of 10 repetitions by adding elastic resistance in 

2nd and 3 sets of 10 repetitions by adding resistance in 3rd week 

of exercise. 

High TENS was given for participants in both groups with the 

following parameters. 

 

Electrode placement: Over supero-medial and infero-medial 

aspect of knee 

 

Pulse pattern: Continuous  

 

Pulse frequency: 100 to 150 pps, 
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Pulse duration: 50 to 80 microseconds  

 

Pulse Amplitude: Increase intensity to produce a strong but 

comfortable tingling  

 

Duration of stimulation: 10 minutes 

 

Outcome measures 

Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC): It is a self-administered 

questionnaire consisting of 24 items divided into 3 subscales; 

pain, stiffness and physical function. The WOMAC takes 

approximately 12 minutes to complete. The test questions are 

scored on a scale of 0-4, which correspond to: None (0), Mild 

(1), Moderate (2), Severe (3), and Extreme (4). Higher scores 

on the WOMAC indicate worse pain, stiffness, and functional 

limitations. The WOMAC Index has been used extensively in 

clinical trials, and has generally been shown to exhibit greater 

or comparable responsiveness to change than other tests [13].  

 

Visual Analog Scale (VAS): The pain VAS is a 

unidimensional measure of pain intensity, used to record 

patients’ pain progression, or compare pain severity between 

paints with similar conditions. Test–retest reliability has been 

shown to be good, with moderate to good reliability for 

disability in patients with chronic musculoskeletal pain [14]. 

Isometric strength of knee extensors: Handheld dynamometry 

(HHD) is a tool used to measure isometric muscle strength 
[15]. Isometric strength of knee extensors was measured using 

Isometric Base line Push/Pull Hand Held Dynamometer with 

50lb/20 kg capacity, which can measure muscle strength in 

kilograms (kg) or in pounds (lb). Maximal isometric strength 

of knee extensors was measured with the participant seated, 

hip and knees flexed at 90°. Dynamometer was placed on the 

anterior aspect of the shank, proximal to the ankle joint. All 

outcomes were assessed at baseline and after treatment 

(8 weeks). 

 

Statistical analysis: IBM SPSS Statistics v20 software was 

used for statistical analysis. Kolmogorov-Smirnov test was 

conducted to find out the normality. Paired t test was used as 

parametric test to calculate the intra group significance. 

Wilcoxon signed rank test was used as non parametric test to 

find out the intra group significance. Independent t-test and 

Mann Whitney u-test were used to analyze inter-group 

significance. 

 

Results 

Control group 

Evaluation of WOMAC: By analyzing the pre-test and post-

test values by paired t test, the calculated t value is 8.911 

which is greater than the table value t= 2.144 (df=14 at 

p=0.05) which indicate that there is significant difference 

between pre and posttest values of WOMAC. Evaluation of 

VAS: By analyzing the pre and post-test values through 

Wilcoxon signed rank test, sig value is 0.001 which is less 

than p=0.05 which indicates that there is significant difference 

between pre and posttest values of VAS. Evaluation of 

isometric knee extension: By analyzing the pre-test and post-

test values by paired t test, the calculated t value is 9.374 

which is greater than the table value t= 2.144 (df=14 at 

p=0.05) which indicate that there is significant difference 

between pre and post test values of isometric knee extension. 

 

Experimental group 

Evaluation of WOMAC: By analyzing the pre-test and post-

test values by paired t test, the calculated t value is 14.132 

which is greater than the table value t= 2.144 (df=14 at 

p=0.05) which indicate that there is significant difference 

between pre and posttest values of WOMAC. Evaluation of 

VAS: By analyzing the pre and post-test values through 

Wilcoxon signed rank test, sig value is 0.001 which is less 

than p=0.05 which indicates that there is significant difference 

between pre and posttest values of VAS. Evaluation of 

isometric knee extension: By analyzing the pre-test and post-

test values by paired t test, the calculated t value is 9.320 

which is greater than the table value t= 2.144 (df=14 at 

p=0.05) which indicate that there is significant difference 

between pre and post test values of isometric knee extension. 

Table 1 shows the comparison after Analysis of the scores of 

outcome measures. 

When comparing the post-test values of WOMAC, VAS & 

Isometric knee extension of both control and experimental 

groups through analysis of inter group significance, WOMAC 

shows sig value 0.026 in independent t-test [p<0.05], 

calculated t value 2.356 [>tabled t value 2.048 df=28]. Figure 

1 shows comparison of pretest and posttest scores of 

WOMAC between control group and experimental group. 

VAS shows sig value 0.007 in Mann Whitney Test [p<0.05]. 

Figure 2 depicts comparison of pretest and posttest scores of 

VAS between control group and experimental group. 

Isometric knee extension sig value is 0.000 [p<0.05], 

calculated value 7.941> tabled t value 2.048, df=28 at p=0.05. 

Figure 3 shows the comparison of pretest and posttest scores 

of isometric knee extension between control group and 

experimental group. Experimental group shows significant 

difference from control group in WOMAC, VAS & Isometric 

knee extension. Neuromuscular Exercise has a significant 

effect over conventional treatment in reducing pain and 

improving function in patient with medial knee OA. 
 

Table 1: Analysis of outcome measures 
 

Group wise Descriptive Statistics 

Group N Minimum Maximum Mean Std. Deviation 

Control Group 

WOMAC Pre Test 15 53.00 73.00 65.1333 6.32305 

WOMAC Post Test 15 40.00 58.00 49.5333 5.65517 

VAS Pre Test 15 5.00 8.00 6.8000 1.08233 

VAS Post Test 15 3.00 6.00 4.0667 .88372 

Knee Extension Pre Test 15 10.50 16.50 12.7667 1.86956 

Knee Extension Post Test 15 11.00 17.50 13.7333 1.84068 

Experimental Group 

WOMAC Pre Test 15 57.00 77.00 66.9333 5.54806 

WOMAC Post Test 15 39.00 55.00 44.5333 5.96258 

VAS Pre Test 15 5.00 8.00 7.0667 .79881 

VAS Post Test 15 1.00 4.00 3.0667 .88372 

Knee Extension Pre Test 15 12.50 18.50 15.6333 1.92230 

Knee Extension Post Test 15 15.50 20.50 18.7667 1.62422 
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Fig 1: Bar chart comparing pretest and posttest scores of WOMAC 

between control group and experimental group 

 

 
 

Fig 2: Bar chart comparing pretest and posttest scores of VAS 

between control group and experimental group 

 

 
 

Fig 3: Bar chart comparing pretest and posttest scores of isometric 

knee extension between control group and experimental group 

 

Discussion 

This randomized, assessor-blinded, controlled trial evaluated 

the effects of neuromuscular exercises on pain and function in 

patients with medial knee osteoarthritis. We could confirm 

our hypothesis that patients undergoing the neuromuscular 

exercises training have shown improvement in pain and 

function at after eight weeks of the trial. The program was 

well tolerated based on our adverse event assessment. 

Statistical analysis revealed that neuromuscular exercises 

along with quadriceps strengthening shows significant effect 

over quadriceps strengthening exercise alone in reducing pain 

and improving physical function. Subjects with degenerative 

knee diseases are known to have deficiencies of sensory 

dysfunction, lower limb muscle weakness, altered muscle 

activation patterns and reduced functional performance. 

NEMEX has been applied to improve patient reported 

outcomes, functional performance and knee extensor strength 

in mild to moderate medial knee OA. During the stance phase 

of walking, relatively high loads are applied to the knee and 

loading of medial compartment associated with disease 

progression, severity and structural changes in patients with 

medial knee OA. People with knee OA have deficits in 

afferent and efferent neural pathways results decrease in 

proprioception, vibratory perception, muscle-force control 

and muscle strength. Intervention that focuses on increasing 

muscle strength and function are included in the management 

of medial knee OA. 

Neuromuscular training aimed to enhance the unconscious 

motor response by calling upon both afferent signal and 

central mechanism responsible for dynamic control. It is 

based on biomechanical and neuromuscular principles, to 

improve sensorimotor control and achieve compensatory 

functional stability. Neuromuscular Exercise Program 

(NEMEX) is performed in functional weight bearing 

positions, emphasizing optimal alignment of trunk and lower 

limb joints related to one another as well as quality of 

movement of performance while dynamically and 

functionally strengthening the lower limb may be able to 

reduce the knee load.  

Neuromuscular exercise increases functional knee stability 

and, in pilot studies, has shown potential to reduce knee-joint 

loads and improve cartilage matrix quality in those at risk or 

with mild disease [16]. Some evidence shows that the external 

peak knee-adduction moment (KAM) has a significant 

relation to in vivo measurement of medial compartment load 
[17]. and important clinical outcomes, including radiographic 

OA severity and knee pain [18]. In addition, neuromuscular 

exercise may have an effect on reducing medial knee joint 

load, pain and improving strength of quadriceps muscle. The 

outcome measures used in this study are WOMAC, VAS and 

Isometric hand-held dynamometer. On statistical analysis, the 

mean pre-treatment WOMAC of control group and 

experimental group is 65.13% and 66.93% and mean post 

treatment WOMAC is 49.53% and 44.53% [table no.1] 

respectively. This result shows that there is an increase of 

20.8% in experimental group and 17.4% in the control group. 

This indicates that there is considerable decrease in WOMAC 

in experimental group in patients with medial knee OA. The 

mean pre-treatment VAS of control group and experimental 

group is 6.8% and 7.06% and mean post treatment VAS is 

4.06% and 3.06% [table no.1] respectively. This result shows 

that there is an increase of 2.74% in control group and 4% in 

experimental group. This shows that there is considerable 

decrease of pain in experimental group. The mean pre-

treatment knee extension strength of control group and 

experimental group is 12.76% and 15.63% and mean post 

treatment knee extension strength is 13.73% and 18.76% 

respectively. This result shows that there is an increase of 

0.97% in control group and 3.13% in experimental group 

which shows that there is considerable increase of Knee 

extension strength in experimental group. Statistically 

significant improvement in function is seen in both the groups 

and between the groups. Findings show that the improvement 

in experimental group was greater than that of control group. 

Strengths of the study design are the pragmatic nature of 

treatment delivery which occurs in community physiotherapy 

clinics by several practicing physiotherapists, and the 

reproducibility of both exercise programs. Our study is based 

on the premise that while the static structural mal-alignment 

itself cannot be altered in individuals with medial knee OA, 

except via surgical procedures, other factors contributing to 

higher knee load are potentially modifiable with exercise 

interventions. If the loading forces can be reduced within the 

medial tibiofemoral compartment during weight bearing, 
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structural degeneration may be slowed in addition to 

achieving symptom relief. This study proved that 

neuromuscular exercises will result in greater improvement in 

knee functional performance, knee biomechanics and muscle 

activation patterns of surrounding musculature. The 

advantages of NEMEX include improved sensory motor 

control and muscle activation pattern, reduction in the knee 

load and achievement of compensatory functional stability 

thus leading to improved overall function of the limb. 

 

Conclusion 

This trial evaluates an innovative neuromuscular exercise 

program that aims to reduce pain and improve function in 

people with medial compartment OA. The findings may lead 

to a more effective exercise treatment option than currently 

exists for this important subgroup of people with knee OA.  

 

Acknowledgements 

The authors would like to thank all the participants in this 

trial. This trial is not funded by the any agency or person. 

 

Conflict of Interest: The authors declare no conflict of 

interest. 

 

References 

1. Loeser RF, Goldring SR, Scanzello CR, Goldring MB. 

Osteoarthritis: a disease of the joint as an organ. Arthritis 

Rheum. 2012;64(6):1697-707. 

2. 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. 2001;286:188-195. 

3. Tschon M, Contartese D, Pagani S, Borsari V, Fini M. 

Gender and Sex Are Key Determinants in Osteoarthritis 

Not Only Confounding Variables. A Systematic Review 

of Clinical Data. J Clin Med. 2021;10(14):3178.  

4. Jaiswal A, Goswami K, Haldar P, Salve HR, Singh. 

Prevalence of knee osteoarthritis, its determinants, and 

impact on the quality of life in elderly persons in rural 

Ballabgarh, Haryana. JFMPC. 2021;10:354-360. 

5. Pal CP, Singh P, Chaturvedi S, Pruthi KK, Vij A. 

Epidemiology of knee osteoarthritis in India and related 

factors. Indian J Orthop. 2016;50(5):518-522. 

6. Heidari B. Knee osteoarthritis prevalence, risk factors, 

pathogenesis and features: Part I. Caspian J Intern Med. 

2011;2(2):205-212. 

7. Jones RK, Chapman GJ, Findlow AH, Forsythe L, Parkes 

MJ, Sultan J, et al. A New Approach to Prevention of 

Knee Osteoarthritis: Reducing Medial Load in the 

Contralateral Knee. J Rheumatol. 2013;40(3):309-315. 

8. Miyazaki T, Wada M, Kawahara H, Sato M, Baba H, 

Shimada S. Dynamic load at baseline can predict 

radiographic disease progression in medial compartment 

knee osteoarthritis. Ann Rheum Dis. 2002;61:617-622. 

9. Hurwitz DE, Ryals AB, Case JP, Block JA, Andriachi 

TP. The knee adduction moment during gait in subjects 

with knee osteoarthritis is more closely correlated with 

static alignment than radiographic disease severity, toe 

out angle and pain. J Orthop Res. 2002;20(1):101-107. 

10. Andriacchi TP. Dynamics of knee malalignment. Orthop 

Clin North Am. 1994;25(3):395-403. 

11. Ageberg E, Roos EM. Neuromuscular exercise as 

treatment of degenerative knee disease. Exerc Sport Sci 

Rev. 2015;43:14-22. 

12. Ageberg E. Consequences of a ligament injury on 

neuromuscular function and relevance to rehabilitation-

using the anterior cruciate ligament injured knee as 

model. J Electromyogr. Kinesiol. 2002;12(3):205Y12 

13. Thumboo J, Chew LH, Soh CH. Validation of the 

Western Ontario and Mcmaster University osteoarthritis 

index in Asians with osteoarthritis in Singapore. 

Osteoarthr. Cartil. 2001;9(5):440-446.  

14. Boonstra AM, Preuper HR, Reneman MF, Posthumus JB, 

Stewart RE. Reliability and validity of the visual 

analogue scale for disability in patients with chronic 

musculoskeletal pain. Int J Rehabil Res. 2008;31(2):165-

169. 

15. Arnold C, Warkentin KD, Chilibeck PD, Magnus CR. 

The reliability and validity of handheld dynamometry for 

the measurement of lower-extremity muscle strength in 

older adults. J Strength Cond. Res. 2010;24:815-824. 

16. Thorp LE, Wimmer MA, Foucher KC, Sumner DR, 

Shakoor N, Block JA. The biomechanical effects of 

focused muscle training on medial knee loads in OA of 

the knee: a pilot, proof of concept study. J Musculoskel 

Neuronal Interact. 2010;10:166-173. 

17. Zhao D, Banks SA, Mitchell KH, D'Lima DD, Colwell 

CW, Jr Fregly BJ. Correlation between the knee 

adduction torque and medial contact force for a variety of 

gait patterns. J Orthop Res. 2007;25:789-797. 

18. Schnitzer TJ, Popovich JM, Andersson GBJ, Andriacchi 

TP. Effect of piroxicam on gait in patients with 

osteoarthritis of the knee. Arthritis Rheum. 

1993;36:1207-1213. 

https://www.kheljournal.com/

