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a b s t r a c t

Transcranial magnetic stimulation (TMS) is an ideal technique for non-invasively stimulating the brain
and assessing intracortical processes. By delivering electrical stimuli to a peripheral nerve prior to a TMS
pulse directed to the motor cortex, the excitability and integrity of the sensorimotor system can be
probed at short and long time intervals (short latency afferent inhibition, long latency afferent inhibi-
tion). The goal of this review is to detail the experimental factors that influence the magnitude and
timing of afferent inhibition in the upper limb and these include the intensity of nerve and TMS delivery,
and the nerve composition. Second, the neural mechanisms of SAI are discussed highlighting the lack of
existing knowledge pertaining to LAI. Third, the usage of SAI and LAI as a tool to probe cognition and
sensorimotor function is explored with suggestions for future avenues of research.

© 2017 Elsevier Inc. All rights reserved.

Introduction

Afferent inhibition is the phenomena by which a sensory
afferent volley inhibits the motor response in a given muscle and is
typically studied by combining non-invasive electrical nerve stim-
ulation with TMS over M1. Specifically, TMS delivers a magnetic
pulse to M1 that trans-synaptically depolarizes corticospinal neu-
rons to elicit a MEP recorded over the target muscle. Non-invasive
peripheral nerve stimulation delivered prior to the TMS pulse may
inhibit or facilitate theMEP depending on the ISI between the nerve
stimulus and TMS pulse. Two time-dependent phases of afferent
inhibition occur called SAI and LAI owing to the short and long
intervals between the nerve and TMS inputs [1,2]. Fig. 1 illustrates
the general methodology for SAI and LAI.

Over the past two decades, afferent inhibition has been studied
extensively to identify the experimental factors that impact the
magnitude of this phenomenon, and to determine the underlying
neural mechanisms. Sensory and motor paths are required to
generate afferent inhibition. As such, SAI and LAI have been used as
tools to probe changes in sensorimotor function in disease and
following neurological injury to advance our understanding of
sensorimotor control. The goal of this review is to provide a
comprehensive profile of the factors influencing the magnitude of
afferent inhibition, the neural mechanisms responsible for
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generating and modifying this process, and the relation of SAI/LAI
to human cognition and behavior. However, our current under-
standing of SAI/LAI is far from sufficient. LAI is significantly
understudied compared to SAI and the neural circuitries underlying
these phenomena are unclear. Therefore, we aim to identify the
existing gaps in knowledge that, if filled, will yield significant
advance in the use of SAI and LAI as reliable tools to better un-
derstand human nervous system function. The tables in this review
provide exhaustive accounts of SAI/LAI in the literature.

Factors that influence the presence and magnitude of SAI/LAI

Nerve composition influences the interstimulus range at which
SAI is evoked.Mixed nerves include afferents originating from joint,
muscle and cutaneous mechanoreceptors while cutaneous nerves
include only the latter. DN stimulation of D2 evokes SAI from 20 to
50ms in APB and FDI [3,4] and for D5 evokes SAI from 20 to 45ms in
ADM [4,5]. In contrast, following stimulation of the mixed MN at
thewrist, SAI is observed over a smaller ISI range extending from 18
to 28ms in FDI [6] and APB [1]. Although both nerve types contain
cutaneous afferents that span awide range of conduction velocities,
only mixed nerves contain the largest and fastest conducting
muscle/joint afferents that may truncate the temporal window in
which SAI occurs. A possible mechanism for this action is such that
S1 neurons receiving fast-conducting proprioceptive input experi-
ence post-excitation inhibition therefore the arrival of subsequent
slower conducting afferents terminate on hyperpolarized neurons.
In macaques, post-excitation inhibition persists for ~10e20ms
following the period of excitation [7]. Despite the differences in the
ISI range to evoke SAI, both cutaneous and mixed nerves appear to
yield similar SAI magnitude (Table 1) [3,8].

Following mixed MN stimulation, LAI is evoked at ISIs from 200
to 1000ms in FDI. Following D3 stimulation, LAI occurs at ISIs from
200 to 600ms in FDI [2]. The difference in ISI range between nerves
may relate to the specific cortical areas targeted by proprioceptive
(i.e. areas 3a/2 [9]) versus cutaneous afferents (area 1/3b [9])
including S2 and PPC [10e18]. The magnitude of LAI is similar be-
tween mixed and cutaneous nerves [2,19,20].

SAI increases with greater nerve stimulation intensity. For
mixed MN and UN, increasing nerve stimulation intensity from ST

(minimum intensity for perception) to MT (minimum intensity for
muscle twitch) increases SAI [21]. Similarly, MN-evoked SAI in-
creases up to 3xST and plateaus at greater stimulation intensities
[6,22]. Recently, the relationship between SAI and the amplitude of
the SNAP recorded at the elbow was assessed [8]. These data
indicate that SAI increases with greater contribution of the sensory
volley (i.e. as SNAP increases) and plateaus when presumably all
sensory afferents are recruited. For MN, both sensory afferents and
motor efferents contribute to the SNAP. Growth in SNAP amplitude
beyond ~50% of the maximum SNAP for MN is contributed by an-
tidromic efferents and not sensory afferents as determined by the
relationship with concomitantly recorded SEPs [8]. Therefore, for
MN, SAI magnitude recorded from the FCR increases until all sen-
sory afferents are recruited (i.e. ~50% of maximum SNAP), which
corresponds to ~1.2xMT for a muscle twitch in APB [8]. For DN, SAI
recorded from FDI and FCR increases until the SNAP is near
maximum (i.e. 84e100% SNAP) which corresponds to ~3xST [8].
Therefore, for both nerve types, maximum SAI is achieved at the
intensity expected to recruit all available sensory afferents (i.e. 3xST
for DN, 1.2xMT for MN). A follow-up study shows that LAI is also
sensitive to nerve stimulation intensity. MN-evoked LAI from FDI
increases with the added recruitment of sensory afferent fibers,
peaking at 50% of the maximum SNAP [19]. However, in contrast to
SAI, LAI from D2 stimulation only emerges, and is maximal, at 50%
of the maximum SNAP [19]. Therefore, the stimulation intensity to
achieve maximum LAI is at ~50% of the maximum SNAP (i.e. 2 � ST
for DN, MT for MN) [19].

In consideration of nerve stimulation intensity, it is important to
avoid painful sensation. SAI is reduced immediately following the
removal of pain-inducing hypertonic saline infusion into the FDI
muscle, while the reduction in LAI is delayed by 15 min [23]. As
suggested by the authors, pain-induced reduction of afferent in-
hibition may be a protective response, as less inhibition to the
muscle may allow the restoration of motor function [23]. LAI is also
reduced in complex regional pain syndrome [24], suggesting an
association with the sensory feature of pain processing. Therefore,
delivery of high stimulation intensities that elicit pain may
decrease SAI and LAI.

The depth of afferent inhibition depends on the proximity of the
nerve stimulated to the muscle from which SAI/LAI is recorded.

Fig. 1. Schematic of SAI and LAI.
A) SAI and LAI are evoked by delivering nerve stimulation (shown as MN over wrist) contralateral to the M1 receiving the TMS pulse. SAI/LAI are recorded via surface EMG from the
TMS targeted muscle of interest (APB shown). B) Top Panel: Unconditioned MEP produced by a single TMS pulse. Middle Panel: SAI is induced by a nerve stimulus delivered
19e50 ms before the TMS pulse depending on nerve composition (see text) resulting in inhibition of the MEP. Bottom Panel: LAI is induced by a nerve stimulus delivered
200e1000ms before the TMS pulse [2], resulting in inhibition of the MEP.

C.V. Turco et al. / Brain Stimulation 11 (2018) 59e7460



Download English Version:

https://daneshyari.com/en/article/8681533

Download Persian Version:

https://daneshyari.com/article/8681533

Daneshyari.com

https://daneshyari.com/en/article/8681533
https://daneshyari.com/article/8681533
https://daneshyari.com

