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Significance of group Il and IV muscle afferents for the endurance exercising human

Markus Amann
University of Utah, Department of Medicjrialt Lake Gty, UT 84148, USA

Summary Role of muscle afferents in the ventilatory and

] ) ) circulatory response to endurance exercise
1. With the onset of dynamic whole bodxeecise,

contraction-induced mechanical and biochemical stimuli Ventilatory and cardigascular responses txecise

within locomotor muscle cause an increase in the digeharare primarily regulated by twlamgely separate systems.
frequeny of thinly myelinated (group IlI) and The first, a feedforard mechanism, termed “central
unmyelinated (group 1V) neevfibres located within the command”, elicits cardi@ascular and &ntilatory responses
muscle. to exercisel® The second, a feedback mechanism, xifle

2. These thin fibre muscle afferents projectaniaus changes @ntilation and circulation as a consequence of
sites within the central nesus system and therebylimb muscle contractiofr!! The focus of this paper is on
substantially influence theercising human. the later.

3. First, group llI/IV muscle dérents are the fdfrent The first experimental evidence supporting the
arm of cardieascular and ventilatory refte responses hypothesis that a refteresponse from working muscle
which are mediated in the nuclewactus solitariiand the might account for a proportion of the candisculat? and
ventrolateral medulla. Neural feedback fromorking ventilatory!® response toxercise in humans as published
skeletal muscle is therefore a vital component invighog about 70 years agoEver since, numerous animal and
a high capacity for endurancexecise since muscle human studies a onfirmed a ky mle for muscle
perfusion and Q delivery determine the dfigability of afferents in ®oking these responses duringeeise/ 4
skeletal muscle. Specifically the abee nentioned non-nociceptivegroup

4. Second, group lII/IV muscle fgfrents &cilitate  11I/IV muscle afferents, the so-called tgreceptors?® 1516
“central fatigue” (kilure, or unwillingness, of the central depict the derent arm of the cardiascular and gntilatory
nenous system to “dve’” motoneurons) by »erting reflexes”1"-2°which are mediatestia neural circuits in the
inhibitory influences on central motor aicuring exercise.  nucleus tractus solitarii and the ventrolateral mediilla.

5. Taken togethergroup III/IV muscle afferents play It is still controversial whether dérent feedback from
a awbstantial role in a humanasceptibility to &tigue and exeacising muscle has a considerable contidn to the
capacity for enduranceercise. cardioventilatory response during whole body endurance

exacise or whether the functional significance of this input
_ is limited to conditions of muscle ischemia as produced in
Introduction sustained isometric contractions with compromised blood
flow.?? In other words, it remains uncertain whether
continuous muscle fi#rent feedback is necessary for
adequate emtilatory and circulatory responses during
ormal rhythmic endurancex&cise; or whether these
esponses are primarily determined by central com#iand
and muscle &érents only depict a temporary error sigaal
to the brainstem reporting an acute mismatch between
blood/oxygen supply and dematd.

Recent human studies using local anaesthetics
. . . L (lumbar epidural space) to block the central projection of
spinal cord;® to various sites within the CNS, malmff group llII/IV muscle afferents during whole body endurance

which are currently unkwen. The central pr_olectlon of vacise (g oycling) found attenuated, similapr even
group Il and IV muscle afferents plays a major role for the

exacising humar® The purbose of this brief report is tomc:reased cardiascular and ventilatory responses when
em hasige the si. nificar?cepof the central effecpts of thethe identical gercise was performed with bloed muscle
P 9 ferent24-29 Although some of these studies conform to

:/r(]elrr:tilfal?c:?y Teussgcljisaegergrr:és b(;nor?)tr:zerecgﬁour:a;fa::ntrtme idea that c_:ontinuousfafe_nt feedback is necessary for
motor drive ciring higr; intensity enduranceeecise 4 equa_te e/ntlllatory and circulatory responses, others
' contradict leaving the exact role of muscléesdnts in the
cardioventilatory control during endurance xeEcise
controversial. At least a part of these conflicting findings
might be &plained by the use of local epidural anaesthetics

With the onset of »@rcise, contraction-induced
mechanical and chemical stimuli die to actvate
molecular receptors located on the terminal end of bo
thinly myelinated (group 1ll) and unmyelinated (group V)
nene fibres with their recepte fields within skletal
muscle. The xercise-induced actétion of these receptors
increases the spontaneous disgkasf the thin fibre muscle
afferent$* which projectyia the lumbar dorsal horn of the
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Figure 1. Circulatory responses at rest and during the final minute of one leg knee-extensemisg. The eercise was
performed at a lowmiddle, and high eercise intensity (3 min each) with (bkabars) and without (ggy tars) the cendil

projection of lower limb group 11I/IV musclefafents. Thé>-value indicates thewerall main effect of fentanyl*P<0.05. n
= 9. Modified from Amanet al.(2011§°

which attenuate efferent as well as afferent @entivity. the reduced feedback from the working limb musgRe.

The efects of local anaesthetics on efferent nerves cause a Two recent studies designed to circumvent the
drug induced “muscle weeking®® which inevitably confounding impact of local epidural anaestheticsvipio
requires an increase in central motorern order to work  valuable insights into the effects of muscle afferents on the
at / maintain a gen external workload. Thus,afferent circulatory and ventilatory response to whole body
blockade using local anaesthetics creates a condition esfdurance »ercise®43® By using lumbar intrathecal
reduced feedback in thade of increased feedforward andentaryl, a selectire p-opioid receptor agonist, we were able
this increase in central command, by itself, augments tk@ inhibit the central projection of group IlI/IV muscle
cardioventilatory response toxercise as demonstrated inafferents without décting the musclg’ force generating
curarization gperiments’l-33 Therefore, the results from capacity and therefore withoutf@tting central motor dve
previous studies using local epidural anaesthetidsfeedforvard during the »ercise. The outcome of these
necessitate careful interpretation since the resultemit studies clearly shwes that when group 1I/IV muscle
effect on ventilatory and circulatory responses duringfferents from the Mer limbs are blocked during
exacise with blocked afferent feedback depends upon tleaduranceercise of various intensities ranging from mild
degree to which the increase in central motoveltialances to heay, circulation (Figure 1) and pulmonaryentilation
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Figure 2. Ventilatory response and haemoglobin saturation at rest and during the final minute of bicyaecese. The
exercise was performed at 4 fiifent workloads (3 min each) with (blabars) and without (ggy kars) the central mjec-
tion of lower limb group llI/IV muscle f&rents. TheP-value indicates thewerall main efect of fentanyl. P<0.05.
1P=0.08. n = 7. Fom Amannet al.(2010)3*

(Figure 2) are substantially compromised. This not onlffects of muscle afferents on the regulation of central
causes arterial yijpoxemia, attenuates perfusion pressurenotor drive during exercise

and blood flav which eventually reduces Qdelivery to the

working muscles, but also facilitates ventilatory and _ Group lI/IV muscle afferents are also kmo to
metabolic acidosi&35— al of which combine to accelerate facilitate central fatiguei., the CNS-mediated reduction
the deelopment of peripheral locomotor musclatigue N “driving” motoneur_on%") by providing inhibitory
during eercise3® These findings suggest that continuoufeedback to the gailation of central motor dre and
sensory feedback from asking skeletal muscle might Voluntary muscle actetion during e(erC|§e?‘ This was
depict a vital component in providing a high capacity folp_mally shown dur|ng_maX|maI |sometr_|cxer0|se of a
rhythmic endurance xercise since controlled muscle Single muscle (for réew see Gandevia, 2061 For
perfusion and O delivery determine the atigability of example, when the discharge rate, and thus the central

skeletal muscle and thus affect its performaiice. projection of group IlI/IV muscle &rents is maintained
following a 2-min maximal eluntary biceps brachii

contraction Yia arresting blood fiw to and from the arm),
central motor dxie and voluntary muscle aefition remain
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Figure 3. Effect of lowver [imb muscle afierent feedba& on central motor drive (CMD) and paver output. Data wee
obtained during 5 km cycling time trials performed under control conditions, with a placebo injection (interspinous liga-
ment injection of sterile normal saline;-L,), and with intrathecal fentanyl (tL ). A: Effects of blocking the central gr

jection of group 11I/IV muscle &drents on CMD (estimateda changes in intgratedvastus laterali€MG (iIEMG)) during

the race Meanvastus lateralisSlEEMG was normalized to the IEMG obtained frone{execise quadriceps MVC maneu-
vers. Ead point represents the mean CMD of the preceding 0.5 km se@&iolklean power output during the 5 km time

trial with and without impaired &rent feedback. The subjects weequired to ead an individual taget power output

befoe the race was started.P<0.05 (Fentanyls Placebo). n = 9. Fom Amannet al.(2009)#

low and do not receer until circulation is restored and the substantially beyond Vels observed following the placebo
firing frequeng of group 11I/1V afferents receers*° time trial (.e. performed with intact afferent feedbadk).

The inhibitory efect of group IlI/IV muscle dérents Based on sufficient correlat and eperimental
on the regulation of the magnitude of central motoredis  evidence from us and othersen the past years, we propose
also of critical releance during high-intensity whole body that the CNS processes neural feedback from locomotor
enduranceercise? For example, when subjects performedmuscle afferents and regulatesreise by adjusting central
a 5 km gcling time trial with blocked group 1lI/IV muscle motor drive in order to confine the delopment of
afferents yia lumbar intrathecal fentanyl), the centrally-locomotor muscle fatigue during high intensity endurance
mediated inhibitory déct of these ergoreceptorsasv performancei(e. cycling exercise) to a critical threshold,
“attenuated” and central motor deiwas less restricted and beyond which the leel of associated sensory inputowid
significantly higher as compared to the identical time trialot be tolerated° In other words, peripheral locomotor
performed with a placebo (Figure 3)The higher central muscle #&tigue and associated intramuscular metabolic
motor drive resulted in a substantially highervper output changes xert, via the effects on ver limb muscle dérent
during the first half of the race and the CNS “tolerated” thieedback, an inhibitory influence on thegu&ation of
development of peripheral locomotor muscleatifue central motor drie and thereby limit the deslopment of
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peripheral atigue to an individual threshold. This centrally
mediated restriction in the ddopment of peripheral
locomotor muscle fatigue might help to yeet excessie
disturbance of muscle homeostasis and potential harm to
the oganism#6

Although some information isvailable regarding the

Exerise: Regulation and Ingeation of Multiple
Systemsedited by Rowell LB, and Shepherd.JT
New York: Oxford Unversity Press, 1996, p.
381-447.

8. Gandeia SC. Spinal and supraspinal factors in human

muscle fatiguePhysiol. Re.2001,81:1725-1789.

brain areasnociceptive muscle derents are projecting 9. AmannM. Centraland peripheral fatigue: interaction

to*"*® the exact anatomical sites within the CNS which
mediate the effects afon-nociceptivegroup III/IV muscle
afferents on central motor @8 ae unknevn. Neural
circuits involved in generating motor cortical output
"upstream" from the motor corg®*Cas well as the motor
cortex itself>! have keen suggested.

10.

In conclusion

Group Il and IV muscle &rents play a pbtal
twofold role for the endurancexercising human. First,
continuous afferent feedback from erking locomotor
muscle is essential foveking appropriate entilatory and
circulatory responses duringeecise — both of which are
critical prerequisites for pwenting prematuredtigue and
accomplishing an optimal performancgnd second, group
II/IV muscle afferents provide inhibitory feedback to thels'
CNS and thereby influence the regulation of central motor
drive and limit the deelopment of peripheral fatigue to a
critical threshold, presumably to protect thgapism from 14.
excessie exhaustion and potentially harm.

11.
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