The notion of Central Fatigue: Findings from a simulation study

DEL SYS Paola Contessa®®, Alessio Puleo®¢, and Carlo J. De Luca®*©

SENSORS FOR MOVEMENT SCIENCES a) Delsys Inc., Natick, MA, USA; b) Department of Physical Therapy and Athletic Training, Boston University, Boston, MA, USA;

c) Department of Biomedical Engineering, Boston University, Boston, MA, USA; d) Department of Mechanical and Aerospace Engineering, Politecnico di Torino, Torino, Italy

The Notion of Central Fatigue Simulation Results
 PERIPHERAL FATIGUE — There is general agreement on the influence of peripheral factors on muscle fatigue, i.e. those that develop within vV vV vy . The amplitude of the
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 CENTRAL FATIGUE — Central factors that arise within the Central Nervous System (CNS) to diminish the voluntary drive to the motoneuron 'c% " § 100 I [ 00 9:/ ;>; clg(?éased over time even
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* INTERPOLATED TWITCH — Central Fatigue is typically measured by calculating the interpolated twitch (T;...,), i.e. the additional force § ‘g > 60 40 u§<j IS developed (the voluntary
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elicited by supra-maximal electrical stimulation delivered to a nerve or muscle during a voluntary contraction [3]. T £ o 40 Muscle Force 20 - = excitation was maintained
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* However, direct empirical evidence of Central Fatigue has yet to be revealed. Importantly, the influence of peripheral factors on measures § © = ~ — 0 % at ma>.<|mal Iev§ls during
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The goal of this study is to investigate whether peripheral factors of muscle fatigue are sufficient to explain the modifications in muscle
force that are observed during fatiguing contractions and that are commonly attributed to Central Fatigue.
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We used a model for the simulation of motor € S 's 40 = £
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.V — i : Train L ‘Rnu . (PNS) to the MUs of a muscle. (A2) simulated task, with voluntary drive increasing over time in some repetitions and decreasing in others.
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« MU force: MU force twitch amplitude decreases over time to simulate developing Peripheral Fatigue. MU impulse trains are convolved o 2= . E o
with the time-dependent MU force twitches (D) to compute the MU forces. o0 0 1 2 3 4 9 0 1 2 3 4 20 40 60 8 100 O 20 40 60 80 100 O 20 40 60 80 100
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 Muscle force: MU forces are summed to obtain the muscle output force (E), which is compared with the target force (F). The tracking fime (s) fime (s) oluntary Force ( ) 'mulation Intensity (% max) 'mulation Intensity (% max)
error between output and target force is used to adjust the voluntary excitation and simulate contractions sustained at constant forces.
* Increasing voluntary force: voluntary drive never reaches maximal level not even when voluntary force is maximal (100% MVC).
* Increasing stimulation intensity: at intensities <50% max, the amplitude of T, .., is close to the fluctuations in simulated force.
Methodology — Simulated Contraction Protocols
| | | | o | | Conclusions
We simulated three contraction protocols in the First Dorsal Interosseous (FDI) muscle during which only Peripheral Fatigue developed:
a) Repeated voluntary sub-maximal contractions sustained at 20% maximal voluntary force (MVC); The Influence of Peripheral Factors was sufficient to explain the muscle force behavior commonly attributed to Central Fatigue during
b) Maximal voluntary effort contractions; simulated fatiguing sub-maximal contractions.

c) Brief voluntary constant-force contractions at increasing force levels (with superimposed maximal stimulation) and at maximal force level

. . . . . . The Interpolated Twitch:
(with superimposed stimulation of varying intensity).

 produces highly variable estimates and may lead to erroneous identification of Central Fatigue;
 does not accurately quantify voluntary activation since muscles do not produce fully fused force during maximal efforts;
* s challenging to measure due to the difficulty in producing truly maximal efforts and delivering supra-maximal electrical stimulation.
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Our analysis does not directly refute the concept of Central Fatigue. It raises important concerns about the manner in which it is

Measures of Central Fatigue: Central Fatigue is quantified as a measured, the interpretation of the commonly accepted causes, and its influence on force performance.

decrease in the level of voluntary drive to the muscle with two
parameters commonly used in the literature:
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