FATIGUE

Fatigue is a common symptom experienced in many disorders, such as cancer, chronic
obstructive pulmonary disease (COPD), multiple sclerosis, mitochondrial diseases,
neuromuscular disorders, Parkinson’s disease, and post poliomyelitis and post stroke. The
descriptions are protean: an overwhelming sense of tiredness at rest, exhaustion with activity,
lack of energy that precludes daily tasks, inertia or lack of endurance, and loss of vigor. Fatigue
lasting 6 months without an underlying somatic disorder is called the chronic fatigue syndrome.
Fatigue may be defined as a progressive loss of the ability to generate maximum force during
(or following) repeated or sustained muscle contractions or the loss of force generation during
a task. Task failure is an inability to maintain force during a task; this functional definition allows
objective investigation. Loss of force may be physiologic or pathologic. Fatigue may have origins
that span from the cerebral cortex to muscle cross-bridge cycling.

Physiologic fatigue is defined in multiple ways, as follows:

¢ R educed force production (weakness)

* Loss of exercise capacity (reduced endurance)

¢ An increased sense of effort or overperception

of force

» Decreased power (reduced velocity of muscle

contraction).

Fatigue is divided into central and peripheral types. Central fatigue consists of impaired muscle
performance but arises from the central nervous system (CNS). It may arise from the cerebral
cortex (through impaired descending drive or reduced motivation). It can also develop at the
spinal cord (impaired alpha motor neuron firing or a suboptimal recruitment rate to generate
appropriate muscle force.

Mechanisms of Fatigue Associated with

Central Nervous System Abnormalities

¢ Weakness from motor cortex failure to recruit muscle

® Poor coordination of motor unit firing

¢ Delayed conduction and dynamic recruitment impairment

¢ Changes in synergistic muscle contribution to net force

¢ Loss of coherence between different central motor neurons or
between motor neurons within cerebral cortex and spinal motor
neurons

¢ Changes in connective tissue and joint mobility from spasticity
¢ Muscle atrophy due to loss of innervations

¢ Disuse muscle atrophy secondary to inactivity

¢ Diminished muscle oxidative phosphorylation due to deconditioning



Mechanisms of Central Fatigue

¢ Loss of recruitment of high threshold motor units

¢ Reduced central drive from increased inhibitory interneuron input to
motor cortex

¢ Central conduction block from demyelination or motor neuron
dropout

¢ Increased negative feedback from muscle afferent types lll and IV
sensory neurons

¢ Loss of positive feedback from muscle spindle type | sensory
Afferents

Muscle fatigue usually results from peripheral mechanisms:

¢ Loss of electrical conduction from muscle membrane to tubule

system

e Impaired calcium release from sarcoplasmic reticulum (excitationcontraction
uncoupling)

¢ Impaired interactions between myosin and actin during cross-bridge

cycling

¢ Impaired reuptake of calcium

* Bioenergetic failure due to impaired oxidative phosphorylation,

glycolysis, or both

Individual motor units innervate homogeneous fiber types: (1) slow twitch, fatigue-resistant
fibers; (2) fast twitch, fatigueresistant fibers; and (3) fast twitch, fatigable fibers. Therefore,
fatigue is defined by different muscle fibres composition — the quadriceps femoris fatigues
more than the soleus, due to more type llb fibers in the quadriceps.

Excitation-contraction uncoupling is one of the major mechanisms that leads to peripheral
fatigue, with a long duration of submaximal isometric or dynamic contractions. Uncoupling lasts
longer post task than metabolic fatigue and reduces twitch force without activation failure.

Fatigue is usually the summed total of central and peripheral mechanisms. For example, fatigue
after a marathon is from prolonged excitation- contraction uncoupling in muscle and
submaximal cortical output.

Maximal aerobic capacity also plays a role in fatigue development. During exercise, skeletal
muscle consumes and produces lactate. During low-intensity exercise, lactate is catabolized for
energy, which prevents its accumulation in muscle and release into the circulation. As exercise
intensity and oxygen consumption (VO2) increases, oxygen for phosphorylation becomes
limited and lactate accumulates. Lactate production then exceeds consumption at anaerobic
threshold. Lactate accumulation is associated with fatigue as well as increased heart and
respiratory rates.



