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Abstract
Muscle fatigue is a problem in rehabilitation, particularly in elderlies and patients 
with motor neuron diseases. There are high contradictions in the effectiveness of 
the used methods to decrease muscle fatigue during rehabilitation. They mainly 
concentrate on increasing rest periods, decreasing training load, or using an 
ascending intensity of manner of exercise. The training should focus on the newly 
discovered sensory system of muscle fatigue because of the important role of the 
sensory system in driving the motor system. Thus, this editorial provides insight 
on using proprioceptive training to enhance the sensory system of muscle fatigue.

Key Words: Muscle fatigue; Rehabilitation; Elderlies; Motor neuron diseases
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Core Tip: Muscle fatigue is a major problem in rehabilitation. This editorial suggests 
the use of proprioceptive training in the management of muscle fatigue because it 
directly trains the sensory system of muscle fatigue which is the proprioceptors. This 
will enable the body to sense muscle fatigue and well respond to it. In addition, 
proprioceptive training can normalize and increase the firing rate of motor neurons 
through the renormalization of presynaptic inhibition and Ia muscle afferents. This 
could assist in increasing the number of calcium ions into the sarcoplasmic reticulum 
and skeletal muscles.
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INTRODUCTION
Muscle fatigue is considered one of the most common problems that can decrease the 
effectiveness of any rehabilitation program, particularly in elderlies[1] and patients 
with motor neuron diseases (MNDs)[2]. Muscle fatigue in elderlies and MNDs mainly 
arises because of long-standing abnormalities in the neuromuscular system. These 
abnormalities include abnormal signals from α-motor neurons to muscles, abnormal 
actin-myosin links, abnormal signals from the motor cortex to α-motor neurons, 
abnormal motor cortex stimulation-contraction coupling in the muscle, abnormal 
signals from the motor cortex to α-motor neurons, and depletion of adenosine 
triphosphate (ATP) and calcium ions (Ca+2). Besides, aging causes an alteration in 
muscle fibers (type I muscle fibers usually change to type II) which raises the incidence 
of muscle fatigue throughout any physical activity. Also, MNDs cause atrophic 
alterations with denervation in muscle fibers. Accordingly, elderlies with MNDs 
usually experience more alterations in muscle fibers because of the blend of aging and 
MNDs[1,2].

There are high contradictions in the literature on the effectiveness of used methods 
to decrease muscle fatigue during rehabilitation. Current interventions established to 
lessen muscle fatigue during the rehabilitation have mainly concentrated on increasing 
rest periods, decreasing the load during training, or using an ascending manner of 
exercise intensity as a try to recuperate muscle force to permit more quantity of 
calcium ions and ATP[3-5]. In contrast, other studies have demonstrated that leveling 
exercise intensity or gradual increasing of participation in exercise has little effect in 
decreasing the incidence of muscle fatigue[6,7].

Thus, the treatment of muscle fatigue should be changed to help these patients and 
decrease the incidence of muscle fatigue. Muscle fatigue is considered a protective 
mechanism of our body to prevent injury. To initiate this protective mechanism, there 
are specific receptors in the human body that feel the start of muscle fatigue. These 
receptors have been demonstrated to include mechanoreceptors and metaboreceptors. 
Mechanoreceptors have a superior role over metaboreceptors in detecting muscle 
fatigue. These mechanoreceptors are similar receptors of proprioception. There is 
strong evidence that proprioception is much less functioning in both elderlies and 
patients with MNDs, which increases the assumption that decreased mechanore-
ceptors function and increased incidence of muscle fatigue are closely connected[1,2].

The function and sensitivity of mechanoreceptors can be boosted both morpholo-
gically and neurologically by proprioceptive exercise[8-10]. Increasing signals of 
mechanoreceptors increase α-motor neuron firing rate[8-10]. Thus, it is truthful to 
assume that including proprioceptive exercise in rehabilitation can decline the 
incidence of muscle fatigue. The key role of proprioceptive exercise to decrease the 
incidence of muscle fatigue includes that proprioceptive exercise can decrease the 
abnormality in the firing rate of motor neurons through the renormalization of 
presynaptic inhibition and Ia muscle afferents. This normalization of motor neuron 
firing rates could assist in increasing the number of calcium ions into the sarcoplasmic 
reticulum and skeletal muscles. This mechanism significantly helps to improve muscle 
performance and decrease the incidence of muscle fatigue. Also, normalization of α-
motoneurons firing rates can increase the acetylcholine amount at the neuromuscular 
junction to cross the synaptic cleft and leads to depolarization of the muscle cell 
membrane. This depolarization triggers high numbers of voltage-gated sodium 
channels over the muscle membrane and causes initiation of the action potential 
leading to an increase in the number of calcium ions into the sarcoplasmic reticulum 
and skeletal muscles[1,2].

Another conceivable effect of proprioceptive exercise in decreasing muscle fatigue is 
that it can improve oxygen supply, oxidative capacity of contracting muscles, and the 
amount of ATP, which are important to prevent muscle fatigue. Stimulation of skeletal 
muscle mechanoreceptors, mainly muscle spindles, can increase the heart rate which 
consequently increases the respiratory rate and oxygen saturation in blood flow. The 
oxygen utilization by a body organ equals the amount of blood flow timed by the 
arterial-venous O2 variance (Fick principle). Consequently, increasing arterial-venous 
O2 variance can enhance the muscle utilization of serum oxygen and its oxidative 
capacity and cell mitochondrial activity which helps to reduce the rate of muscle 

http://creativecommons.org/Licenses/by-nc/4.0/
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Figure 1 Diagram illustrating the possible mechanisms of enhancing muscle fatigue by proprioceptive training.

fatigue[1,2].
Proprioceptive exercise can also affect the consequences of muscle fatigue in 

elderlies with MNDs. Muscle fatigue usually leads to movement and gait compens-
ations. Proprioceptive exercise helps to correct any abnormal motor control and yields 
further coordinated movements with less effort due to its role in driving motor 
commands. Proprioceptive exercise causes morphological adjustments in muscle 
spindles themselves through adjusting sensory and proprioceptive signals coming 
from the working muscle leading to major plastic adjustments in the central nervous 
system and motor commands[8,10]. The possible mechanisms of enhancing muscle 
fatigue by proprioceptive training is illustrated in Figure 1.

CONCLUSION
The treatment of muscle fatigue, particularly in elderlies with MNDs, should be more 
investigated to produce more decrease in the rate of muscle fatigue. Proprioceptive 
exercise could be a valuable addition to any rehabilitating method performed to 
decrease muscle fatigue due to its role in refining α-motor neuron firing rates, 
elevating calcium ions into neuromuscular junctions, correcting abnormal motor 
commands, and adjusting movement compensations frequently arising with muscle 
fatigue in elderlies with MNDs.
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