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Neuromuscular exercises:  
A new perspective in knee osteoarthritis
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ABSTRACT
Background. Knee osteoarthritis (OA) is the most prevalent arthropathy across the world. It presents with swelling, pain, 
decreased range of motion (ROM) and instability. Patients also complain of thigh muscle weakness and lower limb weak-
ness resulting in poor joint shielding and joint overload. Owing to these presenting features patients are prone to in-
creased risk of morbidity and are forced to live with functional impairment. Exercises are one of the vital intervention 
programme used in knee OA. Exercises lead to improvement in physical function, strengthening of the muscles and re-
duction in pain. Neuromuscular exercises have effects on functional performance, biomechanics and activation pattern 
of surrounding musculatures of the patient. Therefore, neuromuscular exercises may prove to be beneficial in enhancing 
the efficacy of exercise training programmes in such patients due to functional instability and disturbed neuromuscular 
function. 
Purpose. This article intends to review the effect and role of neuromuscular exercises in the management of knee oste-
oarthritis.
Method. Comprehensive computerized search was performed on Google Scholar, Pubmed and Cochrane. 
Conclusion. By evaluating various articles on neuromuscular exercises in knee osteoarthritis the present review 
suggests that neuromuscular exercises are helpful in the treatment of knee osteoarthritis.
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INTRODUCTION

Knee osteoarthritis (OA) is a prevalent arthritic 
condition which leads to reduced physical function 
and pain leading to poor quality of life (QOL) [1]. It 
affects about one third of population, and this may 
progress to aggravated stage of condition which is 
often an indication for knee joint replacement [2]. 
The incidence rates for replacement of knee in 
western countries are increasing every year [3]. 
Knee OA patients present with instability, pain, 
swelling, and decreased range of motion. These pre-
senting features cause impairment in functional ac-
tivities which increases the morbidity and fatality 
in affected person [4,5]. Knee joint consist of two 
articulating joints which are tibiofemoral joint and 

patellofemoral joint. The surface of knee joint is 
lined by hyaline cartilage which is enclosed within 
a single joint cavity. The synovium secretes excess 
amount of synovial fluid, which causes capsular 
swelling because of invasion by inflammatory cells 
[6]. The capsular swelling and joint disuse inhibits 
muscle activation and may cause weakness and at-
rophy of muscles [7]. The etio-pathogenesis of knee 
OA is depicted in figure 1.Numerous factors such as 
joint injuries, abnormal lower limb biomechanics 
and neuromuscular control, poor flexibility and 
quadriceps deficit may lead to development of knee 
OA shown in figure 2. Quadriceps muscle acts as 
shock absorber during joint loading. The thigh mus-
cle weakness leads to reduced joint protection re-
sulting in joint overloading [6]. 
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SENSORI-MOTOR DEFICIENCY IN KNEE 
OSTEOARTHRITIS

Sensori-motor deficits are present at various lev-
els of the sensori-motor system which may include 
the sensory input through integration and process-
ing of information of motor output to do move-
ments and to maintain postural control. These sen-
sori-motor deficits play important role in the 
development and progression of degenerative dis-
ease around knee joint. Rice and McNair describe 
the mechanism for the neural inhibition of the 
quadriceps muscle in knee osteoarthritis [8]. Pain, 
swelling, inflammation, joint laxity and damage to 
sensory receptors in the joint cause the neural inhi-
bition. And these factors inhibit the muscle to be 
fully activated by altered excitability of spinal and 
supraspinal pathways [8]. This inability of muscle to 
freely activate is a major contributing element for 
the weakness of quadriceps muscle and may en-
hance the chances of knee osteoarthritis. Neuro-
muscular exercise (NEMEX) programs include the 
various sensori-motor function and functional 
stability for improving function and to reduce the 
symptoms. 

TREATMENT METHODS

Various treatment options are available to treat 
symptoms and upgrade quality of life in patients. 
NEMEX alleviates pain, improves joint function, 
knee joint biomechanics, and muscle-activation 
patterns of adjoining knee muscles in patients with 
knee osteoarthritis. Furthermore, NEMEX has been 
shown to improve quality of articular cartilage in 
patients who had meniscectomies and are at high 
risk of knee osteoarthritis [9]. This suggests that 
NEMEX may have important role in knee OA man-
agement and benefit the patients who are at risk for 
or with early-stage knee OA. Clinical guidelines rec-
ommend nondrug treatments including patient ed-
ucation, various exercises (i.e., aerobic condition-
ing, strength training, and neuromuscular exercise) 
and weight loss as the first line of treatment [9-11]. 
Exercises leads to strengthening of the muscles, re-
duction of pain and improvement in physical func-
tion. Thus, exercises are a vital part of physiothera-
py intervention in the management of knee 
osteoarthritis [11]. Stretching exercises along with 
strengthening exercises are widely used to increase 
the range of motion and are often advised in recov-
ery phase as a routine warm-up to prepare the mus-
cles for the other exercises programmes [12,13]. 
Aerobic exercise and strengthening exercises play 
an important role in terms of pain reduction as well 
as improvement in physical function level [14-17]. 
Earlier work involving the use of exercises has fo-
cused on investigating the efficacy of various types 
of exercises on functional aspects. However, it is 
pertinent to mention that knee osteoarthritis pa-
tients suffer defective neuromuscular function and 
functional instability impairments [18,19]. Neuro-
muscular exercises are those types of exercises 
which particularly target neuromuscular impair-
ments in knee osteoarthritis. So it is important to 
understand their role in the rehabilitation and 
management of knee osteoarthritis. Therefore, 
NEMEX may be used to enhance the efficacy of 
training session [20]. The major goal of the NEMEX 
is to improve the functional joint stability & senso-
ri-motor control. NEMEX is different from other 

FIGURE 1. Etiopathogenesis of knee osteoarthritis

FIGURE 2. Interaction between various 
contributing factors for osteoarthritis 
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standard exercise programs used for osteoarthritis, 
which are mainly aimed at improving cardiovascu-
lar output or muscle power [21-23].This review at-
tempts to understand and discuss the role of NEMEX 
in knee osteoarthritis.

NEUROMUSCULAR TRAINING

An intervention in knee OA – neuromuscular exercise 
(NEMEX)

NEMEX consists of various exercises for improv-
ing functional alignment, muscle activation, bal-
ance and joint stability. Alike standard strength 
training, neuromuscular exercise is different in 
terms of quality of movement. Neuromuscular ex-
ercises also affect biomechanics of knee functional 
performance as well as knee muscles activation pat-
terns [24, 25]. Previous studies state that NEMEX 
has proven potential to decrease knee-joint loading 
and also improves the quality of cartilage grid in 
people with mild disease [26-28]. NEMEX can be 
used in rehabilitation of anterior cruciate ligament 
injury and moderate to severe knee OA [29-34]. 

Neuromuscular exercise program

Each exercise session consists of three phases 
which are: Warming up phase, NEMEX and cooling 
down phase. Warm up phase consist of general ergo 
meter cycling, treadmill walking, or stepping exer-
cise (10 minutes) [35]. NEMEX consist of various ex-
ercises with the described keystones: functional 
presentations, posture control, strength of lower 
extremity, balance, and functional stabilization of 
trunk and knee. All exercises performed in closed 
kinetic chain. Cooling down phase includes gait re-
training, backward walking (retro walking) focus-

ing on proper positioning and stretching exercises 
for the lower extremities for ten minutes [36,37].

Principles 

NEMEX training is primarily based on two prin-
ciples: biomechanical principle and neuromuscular 
principle that particularly aim to improve senso-
ri-motor control and dynamic functional stability 
[23]. Key features of neuromuscular principles are 
depicted in Table 1.

Role of neuromuscular training in sports 
Previous studies stated the various risk factors 

including neuromuscular as well as biomechanical 
factors for anterior cruciate ligament injury [38,39]. 
The ACL injuries are commonly associated with de-
ficient neuromuscular control which leads to alter-
ation in biomechanics of lower extremity further 
which increase the knee valgus, foot pronation an-
gles and decrease angle of hip, knee flexion and hip 
abduction. Neuromuscular training has been found 
in reducing the risk of cruciate ligament injury by 
ameliorating the biomechanical deficits in female 
athletes if neuromuscular training is used before 
puberty onset. 

Role of NEMEX in joint loading and muscle activation 
pattern in patients with knee osteoarthritis

Various pilot studies proves knee-joint load re-
duction leads to improvement in cartilage grid 
quality in those especially who are with mild osteo-
arthritic changes [23,40,41]. Neuromuscular exer-
cises are widely used in physiotherapy practice for 
recovery in patients with OA [42-44]. Only few stud-

TABLE 1. Principles of neuromuscular exercises

Neuromuscular principles Biomechanical principles
1. The active movements are performed in synergy. Sensory-motor 
synergy exist around the anatomical structure of knee which 
includes the ligaments, muscles, bones and capsule. The synergism 
is required to maintain stability in the joint physical activities. 
Muscle strengthening exercises improves the knee joint stability.

1. Biomechanical principles are the basis for neuromuscular 
exercises. It includes the movement performed in closed 
kinetic chain for training the antigravity muscles of the affected 
extremity.

2. The active movement starts at the sound extremity with normal 
movement and thereafter, a bilateral transfer effect of motor 
learning is achieved at affected extremity.

2. To attain equilibrium of weight bearing extremity in activities 
of daily living as well as during strenuous activities.

3. Exercises are performed in a closed kinetic chain at varying 
positions for even distribution of articulating pressure via the 
muscle co-activation. Muscle co-activation is associated with 
different types of joint loading. By evaluating the co-activation 
pattern of muscle it become easy to develop therapeutic strategies 
which will be beneficial in functional improvement.

3. By achieving equilibrium postural control is attained without 
any unwanted compensatory movements. 

4. The quality of performance should be focused in each exercises 
with an appropriate position of hip, knee and foot properly aligned 
i.e. postural orientation is emphasized. And the progression 
depends upon neuromuscular function patient.

4. The biomechanical principles model focuses on the postural 
function and reaction of the anti gravity muscles in the affected 
extremity thereafter initiating the voluntary movement of the 
sound extremity.
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ies found the effect of neuromuscular exercises on 
knee joint loads [40,42,45]. A pilot study conducted 
which includes thirteen patients of mild knee OA 
found fourteen percent of reduction in external 
peak knee adduction moment after 8 weeks of 
NEMEX [40,46]. Neuromuscular exercises targets on 
the ability of movement of lower extremities and 
activation patterns of movement which can be help-
ful in improving dynamic knee joint load [47,48]. 
The muscle inability is considered a major determi-
nant for quadriceps weakness and development of 
osteoarthritis. The goal of NEMEX is to improve the 
appropriate activation of muscle to obtain function-
al joint stabilization, joint load reduction and there-
by amends the patient’s function and decrease the 
symptoms.

NEMEX as an injury prophylaxis 

Anterior cruciate ligament injuries occur due to 
loss of coordination and normal protective muscle 
support [49]. Neuromuscular training increase ac-
tive knee joint stabilization and decrease the chance 
of knee injury, including anterior cruciate ligament 
injuries, in an athletic population. Caraffa et al. 
found that neuromuscular training significantly de-
creased the ACL injuries in high level male soccer 
players [50]. NEMEX program increase muscle pow-
er and strength, hamstrings to quadriceps peak 
torque ratios. Hewett et al. reported that untrained 
female players had significantly more chances of 
knee joint injury than the trained players [51]. 

Role of NEMEX in pain and function and balance in 
patients with knee osteoarthritis

Bennell et al. conducted a study to compare the 
neuromuscular exercise with quadriceps strength-
ening in patients with knee osteoarthritis and found 

improvements in terms of pain, physical function 
and knee adduction moment. Another study by 
Bennell et al. found that people with varus thrust 
had a larger reduction in pain with neuromuscular 
exercises than with quadriceps strengthening exer-
cises [17,20,22,28,43]. Neuromuscular training 
method mainly aimed to improve the sensori-motor 
control and to attain functional stability. The neuro-
muscular training programs may be more effective 
in terms of improvements in balance, coordination 
and motion quality, function, activation pattern 
[52,53]. The effects of neuromuscular training have 
been studied in patients with acute ACL injuries 
and found that muscle strength and functional per-
formance improved in neuromuscular training 
group than conventional group.

CONCLUSIONS

Joint loading plays an important role in develop-
ment and further progression of the disease. Thera-
pies directing towards mechanical load, sensorimo-
tor control, are useful in treatment of knee 
osteoarthritis. The neuromuscular training focuses 
on the functional instabilities, muscle activation 
pattern and functional joint stabilization of knee. 
Neuromuscular exercises can be helpful in decreas-
ing the pain, improving the function, activation pat-
tern and decrease the knee joint loading and senso-
rimotor deficiency that is the potential contributing 
factor in both development and progression of knee 
osteoarthritis.
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