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Objective: To establish the intrasession relative and absolute reliability of Short (SAI) and Long-Latency
Afferent Inhibition (LAI). These findings will allow us to guide future explorations of changes to these
measures.
Methods: 31 healthy individuals (21.06 ± 2.85 years) had SAI and LAI obtained thrice at 30-minute inter-
vals in one session. To identify the minimum number of trials required to reliably elicit SAI and LAI, rel-
ative reliability was assessed at running intervals of 5 trials.
Results: SAI had moderate–high, and LAI had high-excellent relative reliability. Both SAI and LAI had high
amounts of measurement error. LAI had high relative reliability when only 5 frames of data were
included, whereas SAI required �20–30 frames of data for the same. For both SAI and LAI, individual
smallest detectable change was large but was reduced at the group level.
Conclusions: SAI and LAI can be used for both diagnostic purposes and to assess group level change but
have limited utility in assessing within-individual changes.
Significance: These results can be used to inform future work regarding the utility of SAI and LAI, partic-
ularly in terms of their ability to identify particularly high or low values of afferent inhibition.
� 2022 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Afferent Inhibition is a phenomenon reflecting decreases in
Transcranial Magnetic Stimulation (TMS)-induced motor output
following peripheral nerve stimulation. Afferent inhibition is sub-
divided into two separate phenomenon elicited at distinct inter-
stimulus intervals (ISI); short-latency afferent inhibition (SAI) is
elicited at ISIs of 18–28 ms (Ni et al., 2011; Tokimura et al.,
2000) and long-latency afferent inhibition (LAI) is elicited at ISIs
of 200–1000 ms (Chen et al., 1999).

Alongside reflecting the integrity of sensorimotor systems,
afferent inhibition is also associated with neural functioning in
neurological disorders. Particularly, SAI is reduced in various disor-
ders of impaired cognition including Alzheimer’s Disease (AD) (Di
Lazzaro et al., 2004, 2002), Parkinson’s Disease (PD) with Dementia
(Celebi et al., 2012; Yarnall et al., 2013), and Mild Cognitive Impair-
ment (MCI) (Nardone et al., 2012; Peter et al., 2016) whereas LAI is
reduced in disorders of the sensory-motor system such as PD
(Sailer et al., 2003). The differentiation between the two types of
afferent inhibition may lie in their molecular basis, with SAI
reflecting both cholinergic and gamma-aminobutyric acid type A
(GABA) receptor activity, compared to LAI which appears to be
solely GABAergic (Di Lazzaro et al., 2007, 2005b; Turco et al., 2018).

Importantly, despite their emerging use in the sensorimotor
research, the reliability of afferent inhibition ranges from low to
strong in most cases (Brown et al., 2017; Toepp et al., 2021;
Turco et al., 2019). As such, it is difficult to interpret changes in
afferent inhibition within an experimental setting as real (i.e.
induced by the intervention) or simply due to inherent variability
within the measurement. Determining the reliability of both SAI
and LAI would allow experimenters to assess whether changes in
these measures are due to actual physiological change.

Reliability can be partitioned into two forms: relative and abso-
lute reliability. Relative reliability reflects the ability of a measure
to allow for individuals to maintain their position relative to each
other, by providing the correlation between repeated measures
(Beaulieu et al., 2017a; Šerbetar, 2015). Intraclass Correlation Coef-
ficients (ICC) are a common form of assessing relative reliability,
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reflecting the between subject variability as a function of total
error (Šerbetar, 2015; Weir, 2005). Higher ICC values indicate a
greater ability of the measure to identify differences between indi-
viduals, an essential trait for the diagnostic usage of a measure.
Absolute reliability reflects the total variability of a measure across
time (Beaulieu et al., 2017a; Šerbetar, 2015). Unlike relative relia-
bility, absolute reliability is not dependent on the characteristics of
the sample (Turco et al., 2019; Weir, 2005). Traditionally, absolute
reliability can be assessed through the Standard Error of Measure-
ment (SEMeas), reflecting the standard deviation of all errors in the
measure (Beckerman et al., 2001; Hopkins, 2000; Šerbetar, 2015).
Smaller SEMeas values result in a measure that is less likely to
change with variability. The SEMeas can be further used to calcu-
late the Smallest Detectable Change (SDC) in the measure at both
the group and individual level. The SDCIndividual reflects the smallest
amount of change required to be seen in an individual across time
that can be attributed to sources other than measurement error
(Beaulieu et al., 2017a; Šerbetar, 2015). SDCGroup, similar to SDCIndi-

vidual, reflects the smallest amount of change needed to be seen at
the group level which can be attributed to real change (Beaulieu
et al., 2017a; Šerbetar, 2015).

Previous work has only explored the intersession reliability of
SAI and LAI, with the three studies reporting the relative reliability
of both measures as ranging from low to strong (Brown et al., 2017;
Toepp et al., 2021; Turco et al., 2019). Even more limited are quan-
tifications of the absolute reliability of these measures, with a sin-
gle study reporting low absolute reliability as indicated by high
SEMeas and high SDC values, indicating large deviations in the
measure are needed in order to be significantly different frommea-
surement error (Turco et al., 2019). The literature therefore seems
to suggest that, for both SAI and LAI, while individuals scores tend
to be consistent relative to the spread of the data, the variability in
true scores across time is high.

To date, no study has examined the absolute and relative relia-
bility of SAI and LAI when collected at multiple time points within
a single session. This is important in informing whether the mea-
sures are stable enough to reflect changes within a session when
an intervention is administered. Furthermore, the literature
exploring reliability of other TMS measures often include a
frame-by-frame analysis in order to determine the smallest num-
ber of frames required to produce a reliable measure (Biabani
et al., 2018; Goldsworthy et al., 2016) and this has yet to be
explored for afferent inhibition. In the present study, we explore
both the absolute and relative intrasession reliability of SAI and
LAI evoked by stimulation of the Median Nerve (MN) at three time
points separated by 30 min in 31 healthy, young adults. Given that
our past work has indicated higher intersession relative reliability
for LAI compared to SAI, we predict the same relationship in our
intrasession exploration (Turco et al., 2019). These findings can
help to inform research exploring the impact of various short-
term interventions on neuroplasticity as assessed by afferent
inhibition.
2. Experimental procedure

2.1. Participants

31 healthy, young, right-handed participants took part in this
experiment (18 females; age = 21.06 ± 2.85 years). Participants
attended one 3-hour session. All individuals participated in the
experiment after 12 PM in order to account for rapid fluctuations
in diurnal cortisol levels that may influence TMS measures
(Milani et al., 2010). Participants were screened for contraindica-
tions to TMS prior to taking part in the study, and handedness
was confirmed using a modified version of the Edinburgh Handed-
17
ness Questionnaire. All individuals provided informed written con-
sent prior to study onset. This research was approved by the
Hamilton Integrated Research Ethics Board and conformed to the
Declaration of Helsinki.

2.2. Electromyography (EMG)

Surface electrodes (9 mm, Ag-AgCl) were used to record activity
from the first dorsal interosseous (FDI) muscle of the right hand.
The active electrode was placed over the muscle belly, and the ref-
erence electrode was placed on the metacarpal joint of the first
digit. A grounding electrode was placed at the styloid process at
the wrist. EMG signals were first magnified x1000 and were then
band pass filtered between 20 and 2.5 kHz (Intronix Technologies
Corporation Model 2024F, Bolton, Canada). Data were digitized at
5 kHz by a digital to analog converter (Power1401; Cambridge
Electronics Design, Cambridge, UK), and were then analyzed
through commercial software (Signal v7.02; Cambridge Electronics
Design, Cambridge, UK).

2.3. Electroencephalography (EEG)

To determine the latency of the N20 potential, Somatosensory
Evoked Potentials (SEPs) were recorded by placing EEG electrodes
on the scalp at C30 over the postcentral gyrus and referencing activ-
ity to Fz (International 10–20 System). A ground electrode was
placed on the clavicle ipsilateral to the stimulated nerve. Electrical
stimulation (Digitimer DS7AH, 200 ls square wave pulses) was
delivered using a bar electrode at the right MN at the wrist. Stim-
ulation was delivered at 3 Hz and at an intensity corresponding to
the motor threshold (MT) of the participant. 500 stimuli were
delivered and time-locked averaged to determine the latency of
the N20 potential of the SEP.

2.4. Transcranial Magnetic Stimulation (TMS)

TMS was performed with a monophasic waveform using a fig-
ure of eight coil connected to a Magstim 2002 stimulator. The coil
was oriented at a 45-degree angle in the posterior-anterior direc-
tion over the motor representation of the right FDI over the left
motor cortex. The motor hotspot was registered using Brainsight
Neuronavigation Software and was defined as the location that eli-
cited the largest Motor Evoked Potential (MEP) in the right FDI
muscle. The same exact Magstim system and stimulation coil
was used for all data collection in this study. TMS delivery was per-
formed by author RSR for all participants and all time points.

2.5. Resting Motor Threshold (RMT)

Resting motor threshold is defined as the lowest intensity of
TMS stimulation that can produce an MEP � 50 lV in peak-peak
amplitude, 50% of the time (Rossini et al., 2015). RMT was obtained
using a predictive algorithm using ML-PEST, which continuously
predicted the next TMS intensity at which to deliver stimulation.
The starting intensity was set to 37% of the max stimulator output,
with 20 stimuli being delivered in order to predict the RMT (Ah Sen
et al., 2017).

2.6. Afferent inhibition

The intensity of the nerve stimulus, also known as the condi-
tioning stimulus (CS), was set to the MT for a visual twitch in the
right Abductor Pollicis Brevis (APB) muscle following MN stimula-
tion. The MT of the MN has previously been found to correlate with
50% of the maximum sensory nerve action potential elicited by the
nerve, which is the intensity at which maximum inhibition occurs
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for both SAI and LAI (Bailey et al., 2016; Turco et al., 2017). TMS
stimulation was delivered at the lowest intensity needed to elicit
a 1 mV peak-peak MEP in the target muscle. The ISI between the
nerve stimulus and TMS pulse was set to the latency of the N20
component + 4 ms for SAI (Di Lazzaro et al., 2005b; Tokimura
et al., 2000; Turco et al., 2019), and 200 ms for LAI (Chen et al.,
1999). SAI and LAI were collected in the same order across partic-
ipants. Unconditioned pulses contain only the TMS pulse and are
referred to as Test Stimulus (TS) trials. Conditioned pulses contain
both the nerve stimulus (i.e., CS) and TMS pulse and are referred to
as Conditioning Stimulus-Test Stimulus (CSTS) trials. For each cir-
cuit, 40 TS frames and 40 CSTS frames were delivered pseudo-
randomly such that there were never 3 of any one type delivered
in succession. SAI and LAI were collected at three time-points
within the session, separated by 30-minute breaks (T1, T2, T3).

2.7. Statistical analysis

EMG trials were discarded if the peak-peak amplitude of the
signal was greater than 50 lv in a 100 ms window directly before
the TMS pulse. Outliers were identified and removed using Grubb’s
Test. Normality was assessed using Shapiro-Wilks tests, and
heteroscedasticity was assessed using Bland-Altman plots
(Damron et al., 2008; Schambra et al., 2015). Bland-Altman plots
were created comparing the respective variables at T1-T2, T1-T3,
and T2-T3. Afferent inhibition was calculated as a ratio of the mean
peak-peak MEPs amplitudes of the CSTS to TS MEPs. Repeated
measure ANOVAs were used to compare SAI and LAI across the
three time points to discover if systematic error was present. Sig-
nificance was set to alpha � 0.05, and Bonferroni corrections were
used for multiple comparisons.

2.8. Reliability assessment

Relative reliability was assessed on running averages of the MEP
amplitudes, defined as the average of all preceding trials. ICCs were
evaluated for both SAI and LAI using both the overall measure, as
well as at intervals of every 5 trials. As all data was collected by
a single experimenter, a two-way random effects model was used
(ICC 2,k). To aid in the interpretation of the measures, coefficients
of variation (CV) were also calculated for each measure. ICCs were
categorized based on suggested cut off points where ICC with 95%
CI above 0.9 is Excellent; 0.75 < ICC < 0.9 is High; 0.5 < ICC < 0.75 is
Moderate; and ICC < 0.5 is considered Low (Koo and Li, 2016;
Portney and Watkins, 2009). Absolute reliability was assessed
using SEMeas values obtained over the whole dataset. SEMeas
was converted to be expressed as a percentage of the mean using
the formula %SEMeas = (SEMeas/mean)*100%, in order to provide
a unitless assessment of the measurement error (Weir, 2005). %
SEMeas < 10% was used as a cut off to indicate low measurement
error (Schambra et al., 2015). These SEM values were then used
to calculate both SDCIndividual and SDCGroup, which provide the min-
imum amount of change needed to be seen at the individual and
group level to be considered real change and not due to measure-
ment error (Schambra et al., 2015).
3. Results

All participants tolerated the experimental procedures well,
with no reported adverse effects. For one participant, because more
than 50% of the LAI dataset at T1 was removed due to the inability
to relax the FDI muscle, this participant was excluded from the
analysis. For another, LAI data could not be processed due to exces-
sive EMG during collection. As well, Grubb’s test necessitated the
removal of a singular outlier from the LAI dataset at T1. The outlier
18
datapoint was removed from the overall analysis of reliability only
and was included in the frame-by-frame analysis method. There-
fore, for overall assessments of reliability, SAI yielded n = 31 and
LAI yielded n = 28. For the frame-by-frame analysis of relative reli-
ability SAI yielded n = 31 and LAI yielded n = 29.

The datasets for both SAI and LAI were normally distributed.
Bland-Altman plots indicated that homoscedasticity was main-
tained for SAI at all time points, but was violated for LAI comparing
T1—T3, with R2 = 0.1. Corrections for heteroscedasticity normally
require a log-transformation on the dataset. However, given that
log-transformations change the dataset to a ratio scale, we did
not perform the log transformation, and analysed the data with
an assumption of heteroscedasticity, as done previously (Liu and
Au-Yeung, 2014; Ngomo et al., 2012; Sankarasubramanian et al.,
2015).

TMS was delivered at the lowest intensity to elicit a �1 mV
peak-peak MEP, which equated to 134 ± 15 % of RMT averaged
across participants when 1 mV was first assessed. The 1 mV
peak-peak MEP had relatively large measurement error (%
SEM = 14.74), while also having high relative reliability
(ICC = 0.79, 95% CI [0.65 – 0.90]). The average latency for the N20
potential in the dataset was 18.21 ± 0.82 ms.

3.1. Short-Latency Afferent Inhibition (SAI)

The mean ± SD of SAI across the three timepoints is shown in
Fig. 1A I. A repeated measures ANOVA indicated a main effect of
State (F(1, 30) = 63.279, p < 0.001, gp

2 = 0.678) with no other signifi-
cant main or interaction effects. Therefore, we can conclude a sig-
nificant difference in peak-peak MEPs between states, such that
CSTS was suppressed relative to TS. For SAI ratio, a repeated mea-
sures ANOVA indicated no main effect of Time on SAI magnitude
(F(2,60) = 0.702, p = 0.499, gp

2 = 0.023) indicating that SAI was not
different across timepoints, and that there was no detectable sys-
tematic error in the dataset. Overall, 30 out of 31 participants dis-
played inhibition at a minimum of one time point (Fig. 1B).
Compared to the TS, the CSTS was reduced by an average of
26.78% at T1, 31.03% at T2, and 29.96% at T3.

Overall, high relative reliability was observed for the SAI inhibi-
tion ratio (ICC = 0.81; 95% CI [0.66 – 0.90]), and moderate reliability
for the conditioned frames (ICC = 0.74; 95% CI [0.52 – 0.87]). The %
SEMeas for SAI was 20.77, indicating large amounts of measure-
ment error. For SAI, the SDCIndividual indicates that a minimal
change of 40.73 is needed to be seen over time to be considered
physiological change on an individual level. Our data also indicates
that for our sample size of 31 individuals, a change of 7.32 is
needed to be considered physiological change in the measure at
a group level (Fig. 1A II.).

The ICCs as a function of the number of stimulus pairs are
shown in Fig. 1C. For SAI, the first 5 collected datapoints indicated
moderate reliability of the measure (ICC = 0.52). The 95% CI of the
first 5 frames of data was also noticeably large, with a width of
�0.6 (Fig. 1C). Increasing the number of frames included in the
analysis steadily increased the relative reliability of the measure,
with high reliability being achieved with 20 stimulus pairs
(ICC = 0.77).

3.2. Long-Latency Afferent Inhibition (LAI)

The mean ± SD of LAI across the three timepoints is shown in
Fig. 2A I. A repeated measures ANOVA indicated a main effect of
State (F(1,28) = 37.907, p < 0.001, gp

2 = 0.575) and Time
(F(2,56) = 3.225, p = 0.047, gp

2 = 0.103). However, following removal
of the CSTS and TS datapoints that constituted the outlier LAI ratio
as indicated by the Grubbs test, there was only a significant main
effect of State (F(1,27) = 45.778, p < 0.001, gp

2 = 0.629). Therefore,



Fig. 1. Group Averaged and Individual SAI Data. A I. Average SAI, expressed as a % of the unconditioned mean, alongside Standard Deviation error bars, and individual
scores. The CV was 30 at T1, 32 at T2, and 35 at T3. A II. SDCGroup presented as a function of the sample size. B. Individual scores on SAI by timepoint for each participant. C. ICC
values depicted as a function of the number of CSTS/TS pairs included to determine SAI, along with 95% Confidence Intervals.
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we can conclude that MEPs were significantly suppressed during
CSTS compared to TS alone. A repeated measures ANOVA did not
show a main effect of time on LAI magnitude (F(2, 54) = 0.377,
p = 0.688, gp

2 = 0.014) indicating that LAI was not different across
time points. All participants showed inhibition at a minimum of
one time point (Fig. 2B). Compared to the TS, the CSTS was reduced
by an average of 35.40% at T1, 38.85% at T2, and 38.06% at T3.
19
Overall, excellent relative reliability was observed for both the
LAI inhibition ratio (ICC = 0.90, 95% CI [0.80 – 0.95]) and the condi-
tioned frames (ICC = 0.91, 95% CI [0.83 – 0.96]). The %SEMeas for
LAI was 24.92, indicating that there was large measurement error
in the dataset. The SDCIndividual indicates that a difference of 43.21
is required for the change in LAI to be considered significant in a
given individual. Our calculations also indicate that for our sample



Fig. 2. Group Averaged and Individual LAI Data. A I. Average LAI, expressed as a % of the unconditioned mean, alongside Standard Deviation error bars, and individual scores.
The CV was 50 at T1, 48 at T2, and 47 at T3. A II. SDCGroup presented as a function of the sample size. B. Individual scores on LAI by timepoint for each participant. C. ICC values
depicted as a function of the number of CSTS/TS pairs included to determine LAI, alongside 95% Confidence Intervals.
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size of 28 individuals, a considerably smaller change of 8.17% is
needed in order to be considered physiological change at the group
level analysis (Fig. 2A II).

The ICCs as a function of number of stimulus pairs is shown
in Fig. 2C. The running-averages are pooled into groups of 5, and
the ICC values are shown individually for the 8 created groups.
20
For LAI, the first 5 collected datapoints indicated high relative
reliability of the measures (ICC = 0.80), with a narrow 95% confi-
dence interval (0.64 – 0.90) (See Fig. 2C). Increasing the number
of CSTS/TS pairs continued to increase the ICC value until all 40
pairs of data were included, indicating high-excellent relative
reliability of the measure (ICC = 0.89). The 95% confidence inter-
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val also continued to narrow as the number of frames analysed
increased.
4. Discussion

The goal of the present study was to assess the intrasession reli-
ability of SAI and LAI. To do so, SAI and LAI were elicited by deliv-
ering peripheral nerve stimulation to the MN followed by TMS to
M1. We assessed the relative reliability of these measures using
ICCs overall and as a function of the total number of stimuli pairs.
The absolute reliability of these measures was assessed through
calculations of the %SEMeas and SDC.
4.1. Relative reliability

Relative reliability reflects the ability of a measure to consis-
tently identify individuals within a dataset during repeated testing.
Within this study, we found that SAI had moderate-high relative
reliability, whereas LAI had high-excellent relative reliability, sup-
porting our hypothesis that LAI would have higher relative reliabil-
ity than SAI and is in line with previous findings (Turco et al.,
2019). The differences in relative reliability between SAI and LAI
observed both here and previously in the literature, may be due
to differences in the between-subject variation of these measures.
For SAI, the calculated CVs in our study ranged from 30% to 35%,
whereas for LAI they ranged from 47% to 50%. This same differen-
tiation was also seen in Turco et al.’s work, with LAI having higher
levels of between subject variability when compared to SAI (Turco
et al., 2019). Given that ICC values are a function of the between-
subject variability in a sample, with large amounts of between-
subject variability leading to higher estimates of relative reliability,
this likely explains the trends in reliability seen across the litera-
ture and in the present study (Bruton et al., 2000; Weir, 2005).
We recently published a large retrospective analysis of SAI and
LAI data which also showed larger amounts of between-subject
variability for LAI compared to SAI, with a plausible reasoning
being the different neurological pathway that LAI may traverse
(Toepp et al., 2021). We theorize that because LAI is evoked at
longer ISIs, there is possible activation of additional brain regions
including the basal-ganglio-thalamocortical loop, the posterior
parietal cortex, and the secondary somatosensory cortex (Toepp
et al., 2021). The potential activation of these various regions intro-
duces several avenues of variability between individuals, which is
not seen in SAI. Similar trends are seen with reliability compar-
isons of Short and Long Intracortical Inhibition (SICI & LICI) where
LICI is evoked at longer ISIs compared to SICI andmay involve more
cortical regions, thus greater variation between individuals and
higher levels of relative reliability (Schambra et al., 2015).

Previous work has quantified the reliability of these measures
between sessions, allowing us the opportunity to compare
intrasession to intersession reliability (Brown et al., 2017; Turco
et al., 2019). However, as Brown et al. (2017) did not include CVs
in their work, it is difficult to compare our ICC values with theirs,
as ICC is a function of between-subject variability (Turco et al.,
2019; Weir, 2005). Similar CVs between our work and Turco
et al.’s allow for such comparisons and indicate that both SAI and
LAI have better intrasession relative reliability compared to inters-
ession relative reliability (Turco et al., 2019). Similar findings have
been reported when comparing the relative reliability of other sin-
gle and paired-pulse TMS measures, with intrasession reliability
being higher than intersession (Biabani et al., 2018; Goldsworthy
et al., 2016). Given that relative reliability reflects the ability to
identify individuals on repeated testing, it is likely easier to do so
in an intrasession format due to less opportunity for change in
the various neurochemical and biological factors that govern affer-
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ent inhibition (Bruton et al., 2000; Di Lazzaro et al., 2005a; Turco
et al., 2018). Furthermore, procedural factors are also unlikely to
change with an intrasession model compared to intersession, as
electrodes do not need to be removed and re-applied, as well as
the hotspot staying consistent within a session. Therefore, for
future work exploring the modulation of afferent inhibition across
time, we recommend intrasession approaches if possible.

Analysing relative reliability as a function of the number of
stimuli pairs indicated that, for LAI, the relative reliability is ini-
tially high and continues to stay high as more pairs are added, with
the greater change being the narrowing of the 95% Confidence
Intervals. This again, can likely be explained by the large amounts
of between-subject variation in the LAI measure leading to overall
higher values for the ICC. However, for SAI we found that the rela-
tive reliability is initially low when only 5 pairs of data are
included and ICCs continue to increase as more pairs are included
in the average calculation, eventually reaching a ‘‘high” level once
20 pairs are included. Similar trends have been explored with
assessments of both, single and paired-pulse TMS measures, indi-
cating that 20–30 frames are needed to produce reliable estimates
(Biabani et al., 2018; Goldsworthy et al., 2016). Future studies
exploring afferent inhibition may consider collecting between 20
and 30 stimuli pairs to ensure high relative reliability, without pro-
viding unnecessary stimulation to participants.

4.2. Absolute reliability

Absolute reliability assesses the repeatability of scores through
repeated testing (Bruton et al., 2000). We found that both SAI and
LAI had high levels of measurement error, quantified by the %
SEMeas being greater than 10%. This high measurement error of
SAI and LAI has also been documented previously in between-
session explorations; however, while the error for SAI is largely
the same as that reported here, the previously reported measure-
ment error for LAI is �20% greater than reported in our work
(Turco et al., 2019). Given that SEMeas is considered to be a fixed
characteristic of the measure, which is uninfluenced by the sample
demographics, it stands to reason that for LAI particularly, there is
more measurement error between sessions compared to within
sessions. The lack of consistency may be attributed to the largely
unknown biochemical underpinnings of LAI, as suggested else-
where (Turco et al., 2019). This may be further explained by the
longer ISI traversed by the LAI circuit as discussed earlier; similar
to our SAI findings, previous work exploring the absolute reliability
of SICI indicated no significant difference in intersession and
intrasession measurement error, perhaps owing to the shorter ISI
of this circuit (Samusyte et al., 2018). However, validation of this
hypothesis would require investigations of the inter and intrases-
sion absolute reliabilities of LICI as well. We currently recommend
that future studies exploring interventional modulations of LAI
consider intrasession models, due the decreased amount of mea-
surement error present.

Calculations of SDC indicated that, at the individual level, large
amounts of within-session change in both SAI and LAI is required
in order for the change to be considered significant. This limits
the utility of SAI and LAI to detect significant change on an individ-
ual level. Previous work has cited an SDCGroup level < 10% as a rec-
ommended threshold (Schambra et al., 2015). Given this
recommended threshold, both SAI and LAI have utility at the group
level, as sample sizes of �17 and �19 respectively lead to
SDCGroup < 10%. This indicates that for adequately attainable sam-
ple sizes, SAI and LAI are able to establish whether interventions
lead to changes across groups. High levels of SDCIndividual have been
reported for other paired-pulse TMS measures as well; however,
single pulse TMS measures such as MT generally present with
much higher levels of absolute reliability (Beaulieu et al., 2017b,
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2017a; Samusyte et al., 2018; Schambra et al., 2015). For both SAI
and LAI, there is limited utility of the measures as clinical biomark-
ers of change owing to the large SDCIndividual. However, the mea-
sures may be useful on the group level, for example to determine
whether treatments or therapies are able to modulate SAI and
LAI in patient populations through group statistics.

4.3. Limitations

Participants were recruited from the McMaster University stu-
dent population and as such, the present study is limited to the
sample demographics of healthy young adults. Given the inconsis-
tent reports of modulations in SAI and LAI with age, our study may
not be applicable to an older demographic (Bhandari et al., 2016;
Degardin et al., 2011; Yarnall et al., 2016; Young-Bernier et al.,
2012) or special populations. Specifically, older adults alongside
patients with neurological disorders such as Alzheimer’s Disease
or Parkinson’s Disease with and without dementia may present dif-
ferent reliabilities of SAI and LAI, as the measures are reduced in
these populations. To date, there are no publications examining
the reliability of SAI and LAI in special populations. Further work
should be done to explore the reliability of SAI and LAI in these
populations.

As well, the reliability statistics employed in this research only
examine the reliability of SAI and LAI when obtained with the same
experimenter, using the same equipment. However, reliability can
differ between experimenters, and may be examined by modifying
the equation used to calculate the ICC (Weir, 2005). As such, our
results can only be applied to past and future work that explores
the reliability of these circuits with a single experimenter.

5. Conclusions

This study is the first to explore the intrasession relative and
absolute reliability of SAI and LAI, particularly as a function of
the number of stimuli pairs. High ICC levels in our within-session
design and in previous between-session explorations suggest that
SAI and LAI can be used for identifying individuals with high or
low values of reliability. For within-session explorations in partic-
ular, 20–30 CS-CSTS pairs should be collected to achieve this relia-
bility in SAI and LAI. We also found that for both within- and
between-session models, SAI and LAI have limited utility to iden-
tify differences between individuals, but can be used to assess
group-level changes when appropriate sample sizes are collected.
Alongside establishing the minimum number of CS-CSTS pairs
required to achieve high levels of relative reliability in these mea-
sures, future work should also look to explore methods to improve
reliability as well.
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