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ABSTRACT

Eccentric quasi-isometrics (EQIs) are a novel, low-velocity resistance exercise technique
with increasing notoriety, yet limited research. As females are typically more fatigue resistant
than males during isometric and low-velocity dynamic muscle actions, this study explored sex-
differences in the muscle fatigue response to an EQI protocol. Twenty-five (n = 12 female)
participants completed 4 unilateral EQI elbow extensions. Absolute and relative surface
electromyography (SEMG) amplitude (iEMG, LE Peak), mean power frequency (MPF), angular
impulse (alMP), and elbow kinematics were compared across repetitions and between sexes
using discrete values and statistical parametric/non-parametric mapping. There were
significant (p <.001 to .032) and substantial (N, = .15 to .55) sex and repetition differences in
absolute IEMG, MPF, and alMP, with males and earlier repetitions generally having larger values
than females and later repetitions. When expressed relatively, there were no significant sex-
differences, but significant decreases in iEMG, aIMP, and elbow angle (p <.001 to .007) with an
increasing number of repetitions. The current study suggests that sex-differences in EQI
induced muscle fatigue are diminished when expressed relatively, and consecutive repetitions
leads to significant decreases in SEMG, kinematic, and kinetic characteristics, with the largest
differences between repetition 1 and 2.
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INTRODUCTION

Eccentric quasi-isometrics (EQIs) are a novel form of resistance exercise, incorporating
both isometric and eccentric muscle contractions (“muscle actions”; Oranchuk et al.,, 2019;
Oranchuk et al., 2020; Oranchuk et al.,, 2021). An EQI is performed by holding a yielding
isometric muscle action for as long as possible; eventually, the accumulation of fatigue results
in isometric failure and the inability to maintain joint position (Oranchuk et al., 2020; Oranchuk
etal, 2021). A low-velocity, involuntary eccentric muscle action then ensues, which is
voluntarily resisted through the full and/or desired range of motion (ROM; Oranchuk et al.,
2019; Verkhoshansky & Siff, 2009). In a theoretical review, Oranchuk et al. (2019) suggested
that large amounts of mechanical tension, and time under tension (TUT) would be produced
during EQIs relative to traditional resistance exercise practices, thus increasing training volume
and promoting morphological musculotendinous adaptations (e.g., greater muscle thickness,
fascicle length, tendon stiffness) through mechanotransduction. As such, it has been suggested
(Oranchuk et al., 2019) that EQIs may be useful for stimulating muscle morphological changes



when stress to the joint or high velocity muscle actions are not tolerated (i.e., injury), desirable
(e.g., low load/volume macrocycles), and where EQIs may simulate sport specific requirements
(i.e., grappling, speed skating, sailing).

The potential for greater TUT relative to traditional isotonic resistance exercise
underlies many of the proposed adaptations to EQIs, although practitioners have also
suggested the EQI concept results in substantial motor unit recruitment relevant to other
resistance exercise modalities (Morrison, 2016; Seedman, n.d.; Sinicki, 2019). Greater exercise
volume, associated TUT, and motor unit recruitment are suggested factors in the muscle
hypertrophic response (Schoenfeld, 2010; Schoenfeld et al., 2013; Schoenfeld et al., 2017).
Both factors, however, will be influenced by the development and time-course of muscle
fatigue. During traditional isotonic resistance exercise, TUT and therefore training volume will
significantly decrease with subsequent repetitions (Paz et al., 2017), while EMG amplitude —
long considered a broad representation of motor unit recruitment, will generally increase
across repetitions and time (Bazzucchi et al., 2004; Kamen & Gabriel, 2010; Paz et al., 2017;
Staudenmann et al,, 2014). Relevant to these factors, females are generally more fatigue
resistant than males, although differences are task, muscle, and intensity specific (Hunter,
2014; Hunter, 2016; Hunter, 2016b). Additionally, males and females may also exhibit different
motor unit recruitment strategies during submaximal isometric exercise (Lulic-Kuryllo & Inglis,
2022). While theoretically promising, studies of EQIs to date (Oranchuk et al., 2020; Oranchuk
et al. 2021) are limited to male participants, an acute knee extension model, and have yet to
use electromyography to explore the myoelectrical manifestation of muscle fatigue during EQ!
resistance exercise. Given potential sex-differences in muscle fatiguability (Hunter, 2014;
Hunter, 2016), motor unit behaviour (Lulic-Kuryllo & Inglis, 2022; Nishikawa et al., 2017;
Pradhan et al.,, 2020) and the potential role that exercise volume, mechanical tension, and
motor unit behaviour have on muscle hypertrophy and strength outcomes (Lim et al., 2022;
Schoenfeld et al., 2017), it is plausible that sex-differences in muscle fatiguability during an EQ!
resistance exercise intervention would manifest in differing long-term strength, neurological
and morphological adaptations. To support this hypothesis, however, it is first necessary to
establish whether sex-differences exist in the muscle fatigue response during an acute bout of
EQI resistance exercise.

The purpose of the current study was to define the fatigue response of the biceps
brachii during elbow extension EQIs between resistance trained males and females.
Specifically, surface electromyography (SEMG) was used to examine absolute (integrated
EMG[IEMGags], linear envelope peak [LE Peakags], mean power frequency [MPF]), and relative



[EMGemvic, LE Peakwmvic] SEMG variables, while isokinetic dynamometry was used to examine
kinematics (elbow angle), absolute (alMPags) and relative (alMPymvir) angular impulse, and TUT
across 4 EQIl elbow extension repetitions. Further, exploratory analysis using statistical
parametric (SPM) and non-parametric (SnPM) mapping was performed to see if the time
course of SEMG amplitude and elbow angle changes differ between sexes within each EQI
repetition, and across repetitions regardless of sex. For the primary analysis, the null
hypothesis (HO) was that there would be no differences between repetitions, sex, or interaction
of repetition and sex on any of the dependent variables. Based on consistent observations of
lower MPF, sSEMG, and torque amplitude in females (Farina et al., 2004; Freilich et al., 1995;
Kotte et al., 2018), as well as their greater fatigue resistance during sustained isometric muscle
actions for the elbow flexors (Hunter, 2016), the primary alternative hypothesis (H1) was that
females would have lower absolute SEMG values and alMP for all EQI repetitions. It was
expected, however, that females would have greater relative alMP values due to greater fatigue
resistance (Avin et al., 2010), while absolute and relative iEMG and alMP would decrease across
all repetitions regardless of sex.

METHOD

Experimental Overview

Participants reported to a temperature-controlled lab (20 C°) at the same time of day (+
2-hours) for one familiarization (~1.5-hours), and one experimental session (~3-hours), with at
least 1-week between sessions. A cross-sectional, between-subjects design was used to
compare the onset of muscle fatigue between males and females, and across 4-repetitions of
unilateral EQI elbow extension at 50% of maximum voluntary isometric torque (MVIT). SEMG of
the biceps brachii and isokinetic dynamometry data were collected for all repetitions. Data
were collected from August 2021 until December 2022.

Participants

As an exploratory study, and to our knowledge the first study to investigate EQIs
between males and females in the upper extremity, a-priori sample size was informed by
previous research, power calculations, and feasibility. Using a similar research design for a
sample of 14 resistance trained males, Oranchuk et al. (2021) observed a medium-large effect
size (w?= 0.11) for total angular impulse across 4-repetitions of EQI knee extension. However,
given large (> 20%) sex-differences in fatiguability during isometric tasks using similar



contraction intensities of the proposed study (Hunter, 2014), we elected to calculate power for
a large effect size. Our a-priori power calculations (G*Power V. 3.1.9.2) for a 2 (between factor;
sex)*4 (within factor; repetition) mixed factorial ANOVA indicated a sample of 30 participants
were required to detect a significant (p < .05) sex*repetition interaction and large effect size
(ne” = 0.14) for angular impulse, with an achieved a power of 0.80 (1-3 error probability) and
non-sphericity correction of 0.80.

All participants were recruited from the University community via convenience sampling
and the study protocol (HS24806) was approved by the University of Manitoba Research Ethics
Board (REB 1). Written and verbal informed consent was obtained from all participants prior to
participating in the study. Potential participants were eligible if they were: 1) 18-35 years of age,
and 2) considered themselves resistance trained, which was defined as a minimum of 6
exercises (regardless of muscle group), 2x per week, for 6 months. Potential participants were
excluded if they answered “yes” to any questions on the Get-Active Questionnaire (Canadian
Society for Exercise Physiology, 2017), or experienced an acute musculoskeletal injury in the
last 6 months that affected their ability to perform upper-body resistance exercise. Prior to
each session, participants were asked to refrain from upper-body resistance exercise, alcohol
and cannabis, general exercise, caffeine and a large meal for 48-hours, 24-hours, 12-hours,
and 3-hours, respectively.

Familiarization Session

Prior to participating in any physical components of the study, participants had their
blood pressure measured with an automatic blood pressure monitor and cuff (BP761CAN and
HEM RML31, OMRON Healthcare Co., Ltd, Lake Forest, IL, USA), and body composition
assessed via bio-electrical impedance (InBody270; InBody Co.; Seoul, South Korea) according
to manufacturer recommendations. Participants then performed a 5-minute general warm-up
on a stationary bike (UBK 835, Precor, Woodinville, WA, USA), at a self-selected “moderate”
intensity (Oranchuk et al.,, 2020).

Isokinetic Dynamometry. Participants were pseudo-randomized to complete the
protocol with either the dominant or non-dominant limb, based on the Edinburgh Handedness
Inventory (Oldfield, 1971). In cases where participants were classified as ambidextrous, the side
that they skewed towards was considered the dominant limb. One participant scored “0,” and
thus a coin was flipped to assign limb dominance. Participants were then set-up in an isokinetic
dynamometer (Biodex Multi-joint System Pro; Biodex Medical Systems, Inc., Shirley, New York,
USA) for unilateral elbow flexion/extension of the assigned limb. Participants were seated up-



right with the backrest at 85°, dynamometer arm rotated laterally 30°, and the arm supported
at ~45 ° to the shoulder. The handle of the dynamometer was positioned horizontally such
that the forearm was supinated. In this position, participants were tightly secured to the
dynamometer with 2 straps across the torso, and 1 strap across the lap. Flexion/extension
range of motion (ROM) was set anatomically at 130° (0° = full extension, 130 ° = full flexion).
Due to attachment limitations, some participant's arm position was > 45° relative to the
shoulder, although anatomical and elbow ROM remained fixed. Positions for all adjustable
dynamometer components and attachments were recorded for the subsequent session.

Maximum Voluntary Isometric Contractions. Once set-up in the dynamometer,
participants completed a subjective warm-up involving single 5-second isometric muscle
actions at 25%, 50% and 75% of their perceived maximum voluntary isometric torque (MVIT;
Oranchuk et al., 2020, 2021). These warm-up repetitions were spaced 30-seconds apart and
performed at 90° of elbow flexion. After 3-minutes of rest, participants completed two, 5-
second maximum voluntary isometric contractions (MVICs) at 120°, followed by two MVICs at
90° and 60° of elbow flexion, respectively. Each MVIC was followed by 2-minutes of rest. During
all MVICs, participants were given real time visual feedback of their torque output, and
participants were given strong verbal encouragement to push the visual feedback bar “as high
as you can.” For MVICs, participants were also instructed to a) contract as “hard and fast” as
possible (Maffiuletti et al., 2016) without pushing into the footrest, b) to keep the non-involved
hand in their lap, and ¢) be as relaxed as possible prior to each MVIC. Participants were
presented with a countdown timer for rest and each MVIC.

Eccentric Quasi-Isometric Contractions. Following completion of all MVICs, participants
were given 5-minutes rest. Using their estimated 50% MVIT at 90° of elbow flexion, participants
completed 2 EQI repetitions to familiarize themselves with the EQI protocol.

For EQIs, the dynamometer was set to isotonic mode (Oranchuk et al., 2020; Oranchuk
et al,, 2021), with the lever arm ROM anatomically set at 130° and velocity set at 60°/s. Applied
torque was set at 50% of participant’s MVIT, according to the highest torque value obtained
during the 90° MVICs. Based on pilot testing, 50% MVIT was selected so that participants would
have an extended period of near 0 movement velocity (Oranchuk et al., 2020). As the applied
torque of the dynamometer was limited to intervals of 2- 5 N m, applied torque values were
rounded up to the closest interval available in the dynamometer software (Biodex Advantage
Software V.4; Biodex Medical Systems, Inc., Shirley, New York, U.S.A). Actual torque values
during each EQI as a percentage of the MVIC (%MVIC) at 90° are presented in Table 1.



To start the protocol, participants slowly brought the dynamometer arm to full elbow
flexion. In this position, participants were given a countdown of “3-2-1-go!". On “go,”
participants were instructed to slowly apply force to the handle, which resulted in the
dynamometer applying eccentric torque. Rather than allowing a controlled eccentric muscle
action, participants were instructed to brace and to resist the applied torque, with the goal of
maintaining joint position, but not causing a concentric muscle action (Oranchuk et al., 2020;
Oranchuk et al., 2021). Visual feedback of the real-time torque was provided to assist
participants (OT Biolab V. 1.2, OT Bioelettronica, Torino, Italy). As participants fatigued and
reached isometric/positional failure, they resisted the resulting eccentric muscle action until
the dynamometer arm reached full extension (Oranchuk et al., 2020, 2021). Participants were
then given 3-minutes rest, before completing one or two more repetitions, depending on their
subjective comfort with the protocol. Following completion of the EQIs and as part of another
study, participants then completed MVICs and eccentric muscle actions with the contralateral
limb.

Experimental Session

The experimental session mirrored the familiarization session, however, participants
performed 4 EQI repetitions (Oranchuk et al., 2020; Oranchuk et al., 2021) while surface
electromyography data were collected over the skin of the biceps brachii.

Surface Electromyography. Prior to performing the general warm-up, participant's skin
was prepared for sEMG by shaving (if necessary), lightly abrading (Nuprep, Weaver and
Company, Aurora, Colorado, USA), and wiping clean with water (Lulic-Kuryllo et al., 2021;
Piervirgili et al., 2014). A 2-dimensional, rectangular array of 32-electrodes (8-rows x 4-columns;
GR10MMO0804; 10 mm interelectrode distance, gold coated; OT Bioelettronica, Torino, Italy)
and foam pad (KITTOMMO0804; OT Bioelettronica, Torino, Italy) filled with conductive paste (AC
Cream, Spes Medica, Genova, Italy) was applied and affixed with tape (Hypafix; BSN Medical,
Hamburg, Germany) to the muscle belly of the biceps brachii, such that the 4 electrode
columns were parallel to the muscle fibre orientation. Specific placement was just proximal of
62% (measured proximal to distal) on an imaginary line from the acromion process to the
distal biceps brachii tendon insertion (Barbero et al.,, 2012). Additionally, the electrode array
was oriented so that the distal biceps tendon (palpated and marked) formed a line bisecting
the array vertically. A damp ground strap was placed on the contralateral arm, and, to further
reduce common-mode interference, a driven right leg circuit was implemented using straps
attached to participants' contralateral ankle (OT Bioelettronica, 2021).



Data Collection and Processing

All electronics were turned on 1-hour prior to calibration. Dynamometer position and
torque were calibrated daily with a level and torque verification fixture (67.8 N m +/- 0.68 N m)
as per manufacturer instructions (Biodex Medical Systems, Inc, 2014).

A 400-channel bioelectrical signal amplifier (Quattrocento; OT Bioelettronica, Torino,
ltaly ; +/- 5V total input range, common-mode rejection ratio > 95 dB, 150V/V fixed-gain, 16-bit
analogue to digital converter) was used to collect analogue data (V; volts) at 2048 Hz. Raw
SEMG data were acquired in differential configuration (within columns, proximal to distal) via an
AD32 electrode adapter (OT Bioelettronica, Torino, Italy), using a hardware bandpass filter of
10-500 Hz (Il order Butterworth, -3 dB bandwidth). Full-scale analogue dynamometer data
(kinematic and kinetic) were synchronously fed to the Quattrocento auxiliary input interface
(fixed gain 0.5 V/V) without filtering (rated noise 15-35 mV). All analogue data were collected,
visualized, and recorded using OT BioLab+ (V 1.2) software, and saved to a secure personal
computer (Latitude 5500, Dell, Inc., Round Rock, Texas, U.S.).

Preliminary data processing and visualization were performed in OT BioLab+ (V.1.5).
SEMG data were first visually inspected for any movement artifact, excessive signal noise,
saturation, and poor electrode-skin contact. After visual inspection, and to mimic a traditional
bipolar approach, the differential waveform from the most distal electrodes in the center-
lateral column, along with raw kinematic and kinetic data were exported as a .csv and imported
into Labchart 8 (ADInstruments Inc., Colorado Springs, USA) for further analysis. Similarly, the
corresponding differential signal from a 10-second sEMG baseline (quiet sitting) was exported
for the purposes of calculating the signal-to-noise ratio (SNR).

In LabChart 8, custom macros were used to perform additional bandpass filtering of
the SEMG waveform (20-500 Hz, zero-phase-lag Finite Impulse Response [FIR]). MPF was
calculated based on a 1024-point Fast Fourier Transform (cosine-bell) and 50% overlap. For all
SEMG amplitude measures, the sSEMG waveform was full-wave rectified and lowpass filtered at
8 Hz (zero-phase-lag FIR) to create a linear envelope, with the lowpass cut-off based on
recommendations by Winter (2005). Initial raw values recorded during calibration and two-
point conversion were then used to remove baseline noise and convert unfiltered analogue
kinematic data to their respective units. For torque data, each 0.0072 V was equivalent to 1 N
m (Biodex Medical Systems Inc, 2011). For velocity data, each 0.0098 V was equivalent to 1
deg/s ' (Biodex Medical Systems Inc, 2011). For position, the minimum raw data value was
equal to anatomical 0° (full elbow extension), and each 0.0287 V was equivalent to 1° of elbow



flexion thereafter (Biodex Medical Systems Inc, 2011). For normalization purposes, the filtered
EMG linear envelope and torque-time trace were also normalized to the linear envelope peak
(%MVIC) and MVIT (%MVIT) from the 90° MVICs, respectively.

Data extraction and normalization. The start of each EQI was determined using the
peak linear envelope value obtained during EQI repetition 1 (EQI 1). With no direct studies for
reference, a 20% sEMG amplitude threshold, confirmed with visual inspection (Kamen &
Gabriel, 2010), was used to define the start and end of each repetition. The absolute SEMG
linear envelope peak (LE Peakags), relative sSEMG linear envelope peak (LE Peakwwvic), absolute
integrated sEMG linear envelope (IEMGags; V/s), relative integrated sEMG linear envelope
(IEMGomvic; %MVIC/s), bandpass filtered SEMG mean power frequency (MPF; Hz), absolute
angular impulse (alMPags; V/s), relative angular impulse (alMPomvir; MVIT/S), TUT (s), and angular
velocity (°/s) were then extracted for all EQI repetitions. Both iIEMG and alMP variables were
integrated using the rectangular rule. For the purposes of SPM, the normalized LE and
absolute elbow angle traces were linearly interpolated in Labchart 8 to 100 data points (0-
100% repetition time) using node-based sampling, and iteratively smoothed with a 5-sample
width Guassian filter (Matlab R2021a; The Mathworks Inc., Natick, MA, USA) to produce LE-time
and elbow angle-time continua.

General Statistical Procedures

All traditional frequentist statistical analyses were conducted in open-source Jamovi
software (v 2.3.21), while all one-dimensional statistical parametric mapping (SPM; Penny et al.,
2007) and subsequent statistical procedures were completed within the open-source package
(SPM1D v. 0.4; http://www.spm1d.org ) for Matlab (R2021a; Matlab R2021a; The Mathworks
Inc., Natick, MA, USA).

Primary analysis. To determine if there were sex-differences in absolute and relative
SEMG and angular impulse variables, multiple 2 (sex)* 4 (repetition) mixed-factorial ANOVAs
with repeated measures on repetition were conducted. Additionally, two-sample t-tests were
used to compare sex-differences in descriptive variables. For all ANOVAs, normality,
homogeneity of variances, and sphericity were assessed with Shapiro-Wilk's, Levene's and
Mauchly's tests, using an alpha of p < .05 (Field, 2009; Levene, 1960), respectively. In cases
where sphericity was violated, Greenhouse-Geisser corrected values were interpreted
(Greenhouse & Geisser, 1959). Outliers were defined as data points outside 1.5x the
interquartile range.



Due to participant drop-out, a compromise power analysis (G*Power V. 3.1.9.2), which
computes a and power based on effect size, sample size, and [3/a error probability ratio (Faul
et al., 2007) was calculated. Assuming a 3/a =1 and a non-sphericity correction of 0.8, a power
of 86.7% (1- B error probability) was achieved for a large effect size (n,2 = 0.14) when a =.132
for a 2(sex)*4(repetition) interaction. As such, ANOVAs were considered significant at p <.132,
with small, medium, and large effect sizes (n,?) considered to be .01, .06, and .14, respectively
(University of Cambridge, 2021). Significant ANOVAs were followed up with post-hoc pairwise
comparisons using conventional Bonferroni corrected p-values (.132/6 tests = .022; Field,
2009). For post-hoc pairwise comparisons, 99% confidence intervals (Cl) for the mean
differences and the effect sizes (Cohen'’s d) are reported in text for independent and paired-
sample t-tests. Cohen'’s d values of 0.2, 0.5, and 0.8, were used to define small, medium, and
large effect sizes, respectively (Cohen, 1988). Variability was expressed as + standard error (SE)
unless otherwise indicated.

Secondary Analysis. One-dimensional SPM (Pataky, 2012) and SnPM (Nichols & Holmes,
2001; Trama et al,, 2021) were used to quantify regional specific effects between males and
females within LE-time and angle-time continua (i.e., data plotted over time). One-dimensional
SPM is a methodology that allows for statistical inferences to be made regarding the
spatiotemporal characteristics of data, while minimizing the post-hoc regional focus bias and
increased family wise error rate otherwise associated with conducting repeated statistical tests
(Pataky, 2012; Pataky et al., 2013). Briefly, one-dimensional SPM calculates a test-statistic (e.g.,
t) at each data point (i.e., time), which forms a test-statistic continuum SPM({t}. For parametric
statistical inference, a random field theory (RFT; Adler & Taylor, 2007) based t-distribution is
used to calculate the critical threshold (t*) for the continua at a given a (Pataky, 2012; Pataky et
al.,, 2015; Robinson et al,, 2015). Traditional parametric statistical inference is then then used to
determine the probability (p) that the SPM{t} would cross t* and produce a supra threshold
region as wide as that which might be observed in an equally smoothed residual (random)
continua (Pataky, 2012). For non-parametric statistical inference, permutations, rather than
RFT, are used to create a test statistic distribution (Holmes et al., 1996; Nichols & Holmes,
2001; Trama et al,, 2021). Both parametric and non-parametric inferences from SPM have
been validated for 1D kinematic and EMG data (Pataky et al., 2015, 2019; Penny et al., 2007;
Robinson et al., 2015). Current post-hoc procedures in SPM1D, however, have yet to be
validated.

As post-hoc procedures in SPM1D have not been shown to be valid, multiple t-tests
(between-subjects, two-tailed) were conducted within each EQI repetition to compare LE-time



and angle-time continua between males and females. The critical threshold for all tests was
determined for a Bonferroni corrected p-value of .008 (.05/6 tests). The null hypothesis was
rejected if the SPM{t} value crossed the critical threshold at any point, and p-values for supra-
threshold clusters were calculated and interpreted as described above. Furthermore, as SPM
uses frequentist statistics, the traditional assumptions of parametric statistical inference
applied. The assumption of normality was tested within SPM1D using the D'agostino-Pearson
K? test (D'agostino & Belanger, 1990). Given the unequal group sizes, lack of explicit equality of
variance test within SPM1D, and exploratory nature of the work, non-parametric inference
(two-tailed, 1000 iterations) was also conducted using procedures based on Nichols and
Holmes (2001), and compared with parametric results. As a follow-up analysis, data were then
collapsed between sexes and compared repetition-by- repetition (paired-samples; two-tailed)
as per Oranchuk et al. (2021). It should be noted, however, that this approach has yet to be
validated.

Results

Descriptive Characteristics

In total, 32 participants were recruited and/or completed the protocol; one participant
was screened out of the study based on their Get-Active Questionnaire responses, while 6 did
not complete the protocol due to reasons unrelated to the study (injury, drop-out). Due to
technical difficulties, one male participant's data was completely excluded, and in two
instances, data were replaced with the average value from the EQI repetition before and after.
For repetition-by-repetition SPM and SnPM analysis, these participants were removed from all
comparisons. Subsequently, 13 males (sex assigned at birth; age: 25.1 + 1.2 years, height 178.2
+ 1.8 cm, weight 83 + 3.5 kg, skeletal muscle mass: 40.5 + 1.4 kg, %bodyfat 16.8 + 1.7%) and 12
females (sex assigned at birth; age: 24.7 + 1.1 years, height 165.3 + 1.8 cm, weight 66.4 + 2.6
kg, skeletal muscle mass: 27.5 + 0.8 kg, %bodyfat 25.1 + 1.4%) were included in the statistical
analysis. SEMG SNR (20log;Delsys, 2020) for each participant ranged from 1.25-2.17. Absolute
kinetic and kinematic characteristics of the EQI protocol, and between sex differences are
presented in Table 1.
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Table 1. MVIC and EQI Protocol Characteristics.

Mean + SE Range Mean Difference

Sex (13 M, 12 F) M F M F M- F

MVIT (Nm) 81.3(4.76) 38.3(2.38) 58.7-107 22.8-50.5 43*

Load (Nm) 42.2 (2.28) 20.5(1.23) 31.7-553  13.4-26.5 21.64*

Velocity (°/s) 3.81(0.85) 2.79(0.58) 1.02-13.5 0.92-6.65 1.01

TUT EQI 1 (sec) 54.68 (6.57) 64.55 (9.99) 13.53-93.1 16.86-128.3 -9.87

TUT EQI 2 (sec) 40.8 (3.90) 51.35(8.23) 8.79-57.66 19.1-98.72 -10.55

TUT EQI 3 (sec) 33.64(3.28) 44.34 (5.73) 7.38-47.45 20.23-76.5 -10.7

TUT EQI 4 (sec) 29.31 (3.30) 40.36 (6.20) 8.23-47.94 10.23-82.94 -11.06

MVIT = maximum voluntary isometric torque during the 90° MVICs. Load = absolute eccentric load
during EQI repetitions. TUT = time under tension. Load and velocity data are the average of all 4 EQI
repetitions. * Significant (p <.001) difference between males and females (independent t-tests).

As expected, male participants displayed greater absolute strength (MVIT) than female
participants (81.3 vs. 38.3 Nm), {(23) = 7.87, p <.001, Cohen'sd =3.15,99% Cl : 27.67 to 58.33.
As a result, males performed the EQIs with a greater (42.2 vs. 20.5 Nm) absolute load. On
average, EQIs were performed with a relative load of 52.1 + 0.5 %MVIT for males, and 53.8 +
0.6 %MVIT for females, which represents a small, but statistically significant difference between
groups (23)=-2.15, p =.042, Cohen's d =-0.86, 99% Cl: -3.96 to 0.526) at a = .05.

ANOVAS

There was a significant main effect of sex (p <.001 to p = .015) for all absolute variables
(LE Peakass, MPF, IEMGags, alMPgs) with large effect sizes (np? = .23 to np?* = .41). However, there
was no main effect of sex for any relative variables (LE Peakgmvic, IEMGosmvic, and alMPogwvir).
There was also a significant (p < .132) main effect of repetition (p <.001) for MPF, iIEMGaegs,
alMPags, IEMGowvic, and alMPeywvir with large effect sizes (np? .32 to .58). Furthermore, there was
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a significant (p < .132) repetition*sex interaction effect (p = .015) for alMPags with a large effect
size (ny® = 0.15). Two-way ANOVA results are presented in Supplementary Table 1.

Post-hoc Comparisons

Absolute Variables. Mean differences, effect sizes, and 99% confidence intervals are
presented in Supplementary Table 2.

Across repetitions, LE Peakagswas 0.43 V + 0.11 (99% Cl: 0.13t0 0.73; ES =1.59, 99% ClI:
0.26 to0 2.91) higher in males compared to females; however, there was no main effect of
repetition or interaction effect (p > .132; Figure 1a.).

With medium-large effect sizes, MPF during EQI 1 was significantly less than MPF during
EQI 2 (p <.001, Cohen'sd =-0.78), EQI 3 (p = .001, Cohen's d = -0.75), and EQI 4 (p < .001,
Cohen’s d =-1.55). Additionally, during EQI 2, MPF was significantly less than EQI 4 (p = .013,
Cohen’s d =-0.53) (Figure 1b.). Across all repetitions, MPF for males was 26.78 + 7.82 Hz (99%
Cl: 4.83 to 48.73, p =.002; Cohen'sd =1.37,99% ClI: 0.11 to 2.61) higher than females (Figure
1D.).

IEMGags during EQI 1 was significantly, and with a medium-large effect sizes greater
than EQI 2 (p =.012, Cohen’s d = 0.55), EQI 3 (p =.001, Cohen’s d = 0.75) and EQI 4 (p < .001,
Cohen’'s d = 0.77). IEMGags for EQI 2 was also significantly greater than EQI 4 (p = .005; Cohen's
d =0.61). There was also a main effect of sex, with males displaying greater iEMGags across
repetitions (7.13 + 2.72 V/s, 99% Cl: -0.51 to 14.78, p = .015; ES = 1.05, 99% Cl: -0.13 to 2.20)
(Figure 1c.).

For the alMPags repetition*sex interaction, simple main effects analysis indicated that
males and females were significantly (p <.138) different from each other during EQI 1 (p =
012), EQI 2 (p = .007),and EQI 3 (p =.011), but not EQI 4 (p = .480), with males having larger
alMPagsvalues during EQI 1 (975.74 + 357.26, 99% Cl: -27.20 to 1978.69; Cohen’'s d = 1.09, 99%
Cl:-0.010 to 2.26), EQI 2 (676.84 + 226.43,99% Cl: 41.17 to 1312.51; Cohen's d = 1.20, 99% Cl:
-0.02 to 2.39), and EQI 3 (501.45 + 181.33,99% Cl: -7.61 to 1010.50; Cohen'sd =1.11,99% Cl:
-0.09 to 2.28). For males, all pairwise comparisons between repetitions were significantly (p <
.022) different from each other (p = .006 to p <.001). For females, however, significant (p <
.022) and large differences were only present relative to EQI 1, which produced greater alMPags
than EQI 2 (279.56 + 77.38,99% Cl: 39.21 to 519.90, p = .004; Cohen’'s d = 1.04, 99% Cl: 0.01 to
1.97), EQI 3 (403.23 £ 123.76, 99% Cl: 18.85 to 787.60, p = .008; Cohen's d = 0.94, 99% Cl: 0.03
to 1.83), and EQI 4 (480.34 + 132.83, 99% Cl: 67.80 to 892.87, p = .004; Cohen’'s d = 1.04, 99%
Cl: 0.010 to 1.97) (Figure 1d.).
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Figure 1. Group and Repetition Means for Absolute EMG and Kinetic Variables. Grey = males, white =
females. Error bars denote standard error of the mean. Grey dots indicate individual data points. a.)
absolute linear envelope peak (LE Peakags), b.) Mean power frequency (MPF), ¢.) absolute integrated
surface EMG (IEMGags), d.) absolute angular impulse (alMPags) # = significant (p < .132) main effect of sex.
* = significantly (p <.022) different from EQI 1. & = significantly (p = .022) different from EQI 2. % =
significantly (p < .022) different from EQI 3. V = volts, Hz = hertz, V/s = volt-seconds, N/s = newton-
seconds.

Relative Variables. Mean differences, effect sizes, and 99% confidence intervals are
presented in Supplementary Table 2.

For LEpeak, there was no main effect for EQI repetition or sex, and there was no
repetition*sex interaction (p > .132). With medium-large effect sizes, IEMGowvic during EQI 1
was significantly greater than iIEMGewmvic for EQI 2 (p = .006, Cohen’'s d = 0.61), EQI 3 (p < .001;
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Cohen'sd =0.81),and EQI 4 (p <.001, Cohen’s d = 0.78). Between repetition comparisons are
presented in Figure 2.

With large effect sizes, alMPwwvir during EQI 1 was significantly greater than EQI 2 (p <
.001, Cohen's d =1.08), EQI 3 (p <.001, Cohen's d = 1.20), and EQI 4 (p < .001, Cohen’'s d = 1.33).
With medium-large effect sizes, alMPymvir was also significantly greater during EQI 2 than EQI 3
(p =.003, Cohen’'s d =0.65), and EQI 4 (p < .001, Cohen’s d = 0.93), while alMP for EQI 3 was
significantly and with a large effect size greater than EQI 4 (p <.001, Cohen’s d = 0.91). Between
repetition comparisons are presented in Figure 2b.
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Figure 2. Group and Repetition Means for Relative EMG and Kinetic Variables. Grey = males, white =
females. Error bars denote standard error of the mean. Grey dots indicate individual data points. a.)
relative integrated surface EMG (IEMGumvic), b.) relative angular impulse (alMPoymvit). * = significantly (p <
.022) different from EQI 1. & = significantly (p = .022) different from EQI 2. % = significantly (p < .022)
different from EQI 3. %MVIC/s = percent of maximum voluntary isometric contraction-seconds. %MVIT =
percent of maximum voluntary isometric torque-seconds.

Statistical Parametric and Non-Parametric Mapping

Sex-Differences. Data for LE-time were normally distributed for all repetitions. Angle-
time data (df = 1,2) for EQI 2 was not normally distributed, forming one suprathreshold clusters
that exceeded the critical threshold (X* = 10.013) from 48%-62% (p =. 023), as was angle-time
data for EQI 3, forming 2 suprathreshold clusters that exceeded the critical threshold (X* =
10.107) from 4%-12% (p =. 037), and 44%-79% (p < .001) of repetition time. For both LE-time
and angle-time, the critical threshold was not exceed at any point for EQI' 1, EQI 2, EQI 3, or EQI
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4, and both parametric and non-parametric inference were in agreement. Therefore, there
were no significant differences at any time point between males and females for each EQI
repetition.

Repetition Differences. When male and female data were collapsed for repetition-by-
repetition comparisons, angle-time data were not normally distributed, except for EQI 2 vs. EQI
4. For LE-time data, EQI 2 vs EQI 3, EQI 2 vs. EQI 4, and EQI 3 vs. EQI 4 were normally
distributed.

In multiple cases, parametric and non-parametric were not in agreement for angle-time
data. Specifically, parametric inference revealed one suprathreshold cluster from 8%-11% of
repetition time for EQI 1 vs. EQI 4. However, nonparametric inference resulted in 3 instances
where the critical threshold was exceeded, creating suprathreshold clusters from 6%-31%, 61-
72%, and 79%-84% of repetition time. Example SnPM comparisons are presented in Figure 3.
Angle-time SPM and SnPM results are presented in Supplementary Table 3.
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Figure 3. Time normalized elbow angle means, standard deviations, and statistical non-parametric maps
(SnPM) for EQI'1 vs EQI 2 (a, b), and EQI 1 vs. EQI 4 (¢, d). Top graphs display mean values (solid lines)
and standard deviations (shaded areas) at a given time point. Perforated boxes represent
suprathreshold clusters imposed on observed data. Bottom graphs display the test statistic ()
continuum (“map”). Perforated red line represents critical threshold (t*).

For LE-time data, EQI 1 vs. EQI 2, and EQI 1 vs. EQI 3 were significantly different using
non-parametric inference only. Non-parametric inference resulted in a suprathreshold cluster
from 60-61% for EQI 1 vs EQI 2 (Figure 43, 4b.), and a suprathreshold cluster at 79% for EQI 1
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vs. EQI 3. EQI 1 vs. EQI 4, and EQI 2 vs. EQI 4 were significantly different based on parametric
and non-parametric inference. For EQI 1 vs. EQI 4, parametric inference resulted in a
suprathreshold cluster from 51%-52% and 59%-62%, while non-parametric inference resulted
in suprathreshold clusters at 8%, 33%, 47%-52%, and 59%-63% of repetition time (Figure 4c,
4d.). Parametric results for EQI 2 vs. EQI 4 indicated a suprathreshold cluster from 6%-9% and
non-parametric inference produced suprathreshold clusters from 6% to 9% and at 29% of
repetition time (Supplementary Table 3). All suprathreshold clusters were the result of later
repetitions having a greater amplitude than earlier repetitions. Example LE-time SnPM maps
are presented in Figure 4.
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Figure 4. Time normalized linear envelope means, standard deviation, and statistical non-parametric
maps (SnPM) for EQI 1 vs EQI 2 (a, b), and EQI 1 vs. EQI 4 (¢, d). Top graphs display mean values (solid
lines) and standard deviations (shaded areas) at a given time point. Perforated boxes represent
suprathreshold clusters imposed on observed data. Bottom graphs display the test statistic ()
continuum (“map”). Perforated red line represents critical threshold (t*).

Discussion

The primary purpose of the current study was to determine if sex-differences existed in
the muscle fatigue response during a 4 repetition EQI elbow extension protocol. Specifically,
whether differences existed in absolute (LE Peakags, iIEMGags, MPF, alMPags) and relative (LE
Peaksmvic, IEMGoemvic, and alMPyuvit) measures of biceps brachii SEMG and angular impulse
between the sexes and across repetitions. There were significant differences with medium-
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large effects sizes between males and females for all absolute variables, with males having
higher LE Peakags, IEMGass, MPF, and alMPags than females. When expressed relatively, there
were no significant sex differences, although females tended to have higher values for
IEMGowmvic and alMPymvir. Irrespective of sex, the accrued muscle activity (IEMGags, IEMGosmvic),
mechanical impulse (alMPags, alMPywvit), and MPF significantly decreased across repetitions
with a large effect size. There was an interaction between repetition and sex for alMPags; males
experienced a larger relative drop-off in alMPags across repetitions, to the point where there
were no sex-differences in alMPags for the last EQI. When relative data was collapsed between
males and females, SPM analysis indicated that both elbow angle-time kinematics and LE-time
amplitude characteristics differed from the beginning to the end of the protocol, with EQI 4
generally having larger elbow angles and greater EMG amplitude at a given time than earlier
repetitions. Conversely, within-repetition SPM analysis of angle-time kinematics and LE-time
amplitude did not elucidate any sex-differences.

Although there are no upper-body EQI studies for comparison, as integrated variables
are a product of time and amplitude, the linear decrease in iIEMG and alMP across repetitions
is not unexpected, given the concurrent reduction in TUT across the protocol (see Table 1) and
typical decreases in volume with isotonic resistance exercise as the number of sets increases
(Paz et al., 2017). Similar to our findings, Oranchuk et al. (2021) observed a relatively linear and
significant decrease in alMP from EQI 1 to EQI 4 for an EQI knee-extension/flexion protocol,
although the study only included resistance trained males. As the case in the current study,
males typically have greater absolute strength, muscle mass, and less adipose tissue compared
to females (Janssen et al,, 2000), and therefore have greater EMG and torque amplitudes
(Farina et al., 2004, Freilich et al., 1995; Kotte et al., 2018). As such, this likely explains the larger
iIEMGags and alMPags values for males. Conversely, females are generally more fatigue resistant
than males, and thus would theoretically be able to accrue more TUT. In studies of isometric
elbow flexion, women typically exhibit significantly greater absolute times to task failure than
men during low-moderate sustained submaximal contractions (Hunter, 2009; Hunter 2014;
Hunter 2016b, Hunter 2016c¢). For example, using the same intensity of the current study (50%
MVIT), Avin et al. (2010) observed that females had a significantly greater time to task failure
compared to men (112.3 vs 80.3 sec), and generally produced greater relative EMG amplitude
values in the elbow flexors and extensors for the entire task. Therefore, it was assumed for the
current study that females would have greater TUT and relative EMG amplitude, which would
result in larger integrated absolute and relative values for IEMG and alMP. Indeed, the lack of
significant sex-differences for IEMGumvic and alMPgwyiris surprising, given that TUT for females
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was between 18% (EQI 1) and 38% (EQI 4) longer than males. That being said, there was
substantial variability in the female data relative to male participants for both iIEMGags and
alMPags, with the 99% Cl of the difference crossing 0, which can be reflected in the lack of
statistical significance.

Despite a lack of statistical significance, potential sex-differences in relative alMP when
performing EQIs is difficult to ignore. Cumulatively, total alMPwvir across the protocol was 31%
less in male participants, which represents a meaningful difference in volume when
considering that even small (<10%) relative increases in weekly set-volume are associated with
significant increases in muscle size (Schoenfeld et al.,, 2017). Thus, given the importance of
mechanical tension and exercise volume for stimulating muscle hypertrophy, it seems
reasonable to suggest that if potential volume and TUT differences were compounded over the
course of a training program, that detectable sex-differences in muscle hypertrophy may be
elucidated. Even at higher intensities than the current study, females still maintain a
performance advantage in time to task failure when examining the elbow flexors using
sustained isometric muscle actions at higher intensities (Hunter, 2014), and therefore would
still theoretically accrue more TUT. With that stated, proximity to volitional fatigue or task
failure appears to be more relevant than intensity for stimulating muscle hypertrophy, while
intensity is relevant for strength adaptations (Lixandrao et al., 2018; Schoenfeld, Grgic, et al.,
2017). Given the proposed use of EQIs when high-velocity muscle actions are not tolerated
(Oranchuk et al., 2019), further research may want to compare different intensities of EQIs with
respect to muscle hypertrophy and strength adaptations.

The interaction effect for alMPags poses some intriguing questions regarding the
development of fatigue across multiple EQIs. For males, alMPags was significantly less than the
preceding repetition across the entire protocol, whereas in females, EQI 2, EQI 3, and EQI 4
were only significantly less than EQI 1. Coupled with the lack of significant sex-differences
during EQI 4, this suggests that females better maintain performance across EQI elbow
extension repetitions, while males experience a substantial decline in performance with
successive repetitions, to the point where alMPggs is equal to females during EQI 4. When
examining the LE Peakags and MPF data, however, males and females experienced similar
effects across repetitions, which may suggest that mechanical or metabolic factors play a larger
role than neuromuscular factors in the development of muscle fatigue during an EQI elbow
extension protocol. Indeed, other researchers have attributed sex-differences in isometric and
dynamic tasks to be more likely the result of metabolic and contractile differences between
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males and females (Hunter et al., 2006; WUst et al., 2008). Given the lack of sex-differences in
relative voluntary muscle excitation, the present study seems to support this assertation.

As there were no sex-differences for angle-time kinematics, and LE-time amplitude
characteristics within each EQI repetition, data were collapsed across sexes for exploratory
SPM and SnPM analysis, and compared repetition by repetition as per Oranchuk et al. (2021).
Although Oranchuk et al. (2021) did not observe significant differences from EQI 1 to EQI 4,
initial changes in knee angle tended to occur more quickly after successive repetitions, with
EQI 4 generally exhibiting greater displacement (i.e., larger joint angles) at the beginning of the
repetition than EQI 1. Using an almost identical protocol, Oranchuk et al. (2020) observed that
the majority of eccentric angular impulse was accumulated in the first half of the EQI ROM
across all 4 repetitions. When considering the angle-time kinematic data of the current study,
the results suggest a similar pattern and accumulation of fatigue. While there were
discrepancies between parametric and non-parametric results, both indicated that EQI 4 had
significantly smaller elbow angles within the first one-third of repetition time. As with Oranchuk
et al. (2021), this suggests that initial changes in muscle length and joint angle during EQI
elbow extension also occur more quickly as fatigue accumulates. Visually, however, these
differences appear to remain stable through the majority of the ROM. That being said, it should
be noted that performing repeated statistical tests in this manner has not been validated for
SPM, and thus the results of the repetition-by-repetition comparisons of Oranchuk et al.,
(2021) and the current study should be interpreted with caution.

In line with the aforementioned kinematic and kinetic data, the LE-time data from the
current study supports a greater fatigue response in the first two-thirds of the EQI ROM as the
number of EQI repetitions increases. Significant increases in EMG amplitude from EQI 1 to EQ!
4 were only observed in the first two-thirds of repetition time and ROM. During sustained
isometric muscle actions, EMG amplitude is known to increase, presumably due to increases in
motor unit recruitment (Kamen & Gabriel, 2010). While the current methods are unable to
elucidate specific motor unit behaviours or recruitment strategies, this observation suggests
that motor unit recruitment is more relevant than mechanical factors for maintaining force
output during EQIs at short-medium muscle lengths (i.e., greater elbow flexion). When
considering the traditional isometric length-tension relationship, the passive structures of an
elongated muscle will contribute more substantially than the active structures to muscular
tension (Abbott & Wilkie, 1953; Hamill, 2015). Thus, at longer-muscle lengths (i.e., last third of
the ROM), it is logical that EQIs would be less reliant on motor unit recruitment and resulting
active tension to maintain force output, even in a non-fatigued state. Although the current
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study was not designed to compare EQI motor unit recruitment patterns relative to traditional
resistance exercise, SEMG analysis would not seem to point to an inherent advantage of EQIs
for increasing motor unit recruitment when considering studies of sustained isometric elbow
flexion (Avin et al., 2010; Bazzucchi et al., 2004; Hunter et al., 2004; Rudroff et al., 2011),
although this assumption needs to be tested with future experimental or quasi-experimental
research.

Limitations of the current study that are relevant to its interpretation, and the direction
of future studies must be considered. Namely, the use of the isokinetic dynamometer to
perform the EQI protocol does not resemble real world applications, as the torque generated
during an elbow flexion exercise will vary through the movement with the use of dumbbells,
cables, or resistance bands, whereas constant torque is provided by the isokinetic
dynamometer through the ROM. Additionally, the initial decrease in elbow angle may have
been due to participants not producing enough “pre-activation” prior to the dynamometer
applying torque, resulting in a larger and immediate change in elbow angle before participants
were able to meet the applied torque, which would not be relevant in applied contexts
Participants were aware that they would be performing 4 EQI repetitions, which may have
resulted in participants pacing themselves and not performing all repetitions to volitional
fatigue. With respect to SEMG, the innervation zone was not identified prior to placement of
the electrode array. As such, when the biceps brachii lengthened, it is possible that the
innervation zone would have moved underneath the electrode, which would have altered the
EMG amplitude characteristics independent of physiological effects. As a result, we elected to
take a more traditional bi-polar approach to sEMG, in line with SENIAM guidelines
(www.seniam.org), which reduced the representative surface area of the sSEMG data.

Application

Given recent reviews (Pallarés et al., 2021; Schoenfeld & Grgic, 2020) that suggest
emphasizing longer muscle lengths during resistance exercise may have equivalent
hypertrophic outcomes as resistance exercise using a full ROM, Oranchuk et al. (2021)
proposed that EQIs could be performed with a smaller ROM, which would increase TUT at
longer muscle lengths. Based on Oranchuk et al. (2021) and the current study, this would also
be a logical suggestion, as results from both studies suggest muscle fatigue increases the
relative time spent at longer muscle lengths due to fatigue at short muscle lengths, but
decreases overall TUT. Despite females having discernably greater TUT and relative alMP, the
current study suggests that males and females have similar relative fatigue response to
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moderate intensity EQI elbow extensions. When designing or implementing training programs,
practitioners and trainees should also consider the possibility that males may have substantial
drop-off in performance following a single EQI, whereas females may be able to maintain
performance with subsequent sets. Furthermore, although significant, changes in SEMG
amplitude between repetitions and during repetitions appear to be unremarkable, suggesting
that EQIs may require several repetitions to meaningfully increase motor unit recruitment. As
such, practitioners and trainees should also strongly consider the specificity and relevance of
EQIs to training goals, and whether these goals can be accomplished with more traditional
resistance exercise methods.

Conclusion

The current study suggests that, while there are acute absolute sex-differences in SEMG
and alMP across 3 EQI elbow extension repetitions, there is no sex-difference in absolute alMP
during repetition 4. Furthermore, these differences are largely negated when expressed
relatively. Although there were discernable differences in TUT and relative aIMP between males
and females, these differences were not statistically significant. Exploratory analysis suggests
that the accumulation of muscle fatigue predominately manifests at short-medium muscle
lengths. It is unclear whether acute sex-differences would emerge in SEMG or alMP with
differing intensities, ROM, or tasks, and whether or not EQI resistant exercise results in unique
neuromuscular responses relative to traditional resistance exercise.
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Supplementary Tables

Table 1. Two-way Mixed ANOVA Results for Absolute and Relative EMG and Kinetic Variables.
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LE Peakags = absolute linear envelope peak. MPF = mean power frequency. iIEMGags = absolute integrated
surface EMG. alMPags = absolute angular impulse. LE Peakumvic = relative linear envelope peak iEMGosmvic
= relative integrated surface EMG., alMPyuvir = relative angular impulse. df = degrees of freedom. ny? =
partial eta squared. Significant p-values (p <.132) are bolded. # = assumption of sphericity not met, and

Dependent Variable Comparison df F p Np?
LE Peakags” Repetition 2.28,52.34 0.58 586 .02
Sex 1,23 15.82 <.001 A1
Repetition %k Sex  2.28,52.34 0.29 775 .07
MPF Repetition 3,69 11.71 <.001 34
Sex 1,23 11.73 .002 34
Repetition * Sex 3, 69 0.93 429 04
IEMGags” Repetition 1.82,41.93 10.86 <.001 32
Sex 1,23 6.86 015 23
Repetition * Sex  1.82,41.93 1.57 227 .06
alMPags Repetition 1.42,32.74 28.34 <.001 .55
Sex 1,23 8.21 .009 26
Repetition *k Sex  1.42,32.74 416 .037 15
LE Peakosmvic Repetition 3,69 0.38 7695 .02
Sex 1,23 0 9612 0
Repetition * Sex 3, 69 0.15 9281 .01
IEMGoomvic” Repetition 1.84,42.28 10.92 <.001 32
Sex 1,23 0.11 738 0
Repetition *k Sex  1.84,42.28 0.12 .8673 01
alMPogwvir® Repetition 1.51,34.66 31.38 <.001 .58
Sex 1,23 2.1 161 .08
Repetition *k Sex  1.51, 34.66 0.01 9734 0

Greenhouse-Geisser degrees of freedom reported.
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Table 2. Significant Pairwise Comparisons of Repetition Main Effect.

Dependent Comparison Mean Difference Mean Difference p Cohen'sd Effect Size

Variable (£ SE) 99% CI 99% CI

MPF EQI'1vs. EQI 2 -4.96 (1.27) -8.51to-1.41 <.001 -0.78 -1.37t0-0.19
EQI'1vs. EQI3 -6.75(1.79) -11.77to0-1.73 .001 -0.75 -1.33t0-0.16
EQI1vs. EQlI 4 -8.13(1.74) -13t0-3.26 <.001 -0.93 -1.55t0-0.31
EQI2vs. EQlI 4 -3.17(1.19) -6.491t0 0.15 .013 -0.53 -1.08 to 0.02

IEMGhass EQI'1vs. EQI2 2.26(0.83) -0.06 to 4.58 012 0.55 -0.01to 1.09
EQI1vs. EQI3 3.6 (0.96) 0.9to0 6.291 .001 0.75 0.16to 1.33
EQI1vs. EQI 4 42(1.1) 1.13t07.26 <.001 0.77 0.17to 1.35
EQI2vs. EQI 4 1.94(0.63) 0.16to0 3.71 .006 0.61 0.04to0 1.17

IEMGmvic EQI'1vs. EQI2 298.66 (98.34) 23.6t0 573.71 .006 0.61 0.04to0 1.17
EQI1vs. EQI3 480.75 (118.24) 150.03 to 811.46 <.001 0.81 0.21 to 1.41
EQI1vs. EQI 4 590.29 (151.59) 166.3t0 1014.28 <.001 0.78 0.18to 1.36
EQI2vs. EQI 4 291.64 (107.09) -7.9t0591.17 012 0.54 -0.01to 1.09

alMPyir EQI'1vs. EQI 2 736.97 (136.61) 354.87to 1119.06 <.001 1.08 042t01.73
EQI'1vs. EQI3 1120.1 (186.17) 599.38 to 1640.81 <.001 1.2 0.52to 1.88
EQI1vs. EQI4 1353.16 (203.55) 783.841t0 1922.48 <.001 1.33 0.62 to 2.04
EQI 2 vs. EQI3 383.13(117.26) 55.16to 711.11 .003 0.65 0.08 to 1.22
EQI 2vs. EQlI 4 616.19 (132) 246.98 t0 985.4 <.001 0.93 0.31to 1.55
EQI3vs. EQl 4 233.06 (51.06) 90.25to 375.87 <.001 0.91 0.29to 1.52

MPF = mean power frequency. iIEMGags = Absolute integrated surface EMG. iIEMGuvic = Absolute

integrated surface EMG. alMPwyir = Relative angular impulse. Significance based on Bonferroni corrected

aof .018.
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Table 3. Repetition by Repetition SPM vs. SnPM Results.

ANGLE-TIME Parametric Non-Parametric
Comparison df t* Suprathreshold t* Suprathreshold Clusters
Clusters
EQI 1 vs. EQI 2 1,23 4.039 n/o 3.658 n/a
EQI1vs. EQI3 1,23 4012 n/o 3.697 n/k
EQI 1vs. EQI 4 1,23 3997 8-11% (p=.007) 3.395 6%-31% (p <.001)
61%-72% (p < .001)
79%-84% (p = .002)
EQI2vs. EQI3 1,23 4.014 n/o 3.598 n/a
EQI2vs. EQI 4 1,23 4017 n/a 3.625 12%-14% (p = .004)
EQI3vs. EQI 4 1,23 4075 n/a 3.728 n/a
LE-TIME Parametric Non-Parametric
Comparison df t* suprathreshold t* Suprathreshold Clusters
Clusters
EQI 1 vs. EQI 2 1,22 4701 n/a 4119 60%-61% (p <.001)
EQI 1vs. EQI3 1,22 4611 n/a 4.02  79% (p =.004)
EQI 1vs. EQlI 4 1,22 4607 51%-52% (p =.005) 4193 8% (p=.003)
59%-62% (p <.001) 33% (p =.004)
47%-52% (p <.001)
59%-63% (p < .001)
EQI 2 vs. EQI3 1,22 4661 n/a 4345 n/a
EQI2vs. EQI 4 1,22 4662 6%-9% (p <.001) 4364 6%-9% (p <.001)
29% (p =.003)
EQI3vs. EQI 4 1,22 4699 n/a 4331 n/a

Discrepancies between parametric and non-parametric inference are bolded. df = degrees of freedom,
t* = critical threshold, n/a = no suprathreshold clusters. Discrepancies between parametric and non-
parametric inference are bolded. Significance based on a Bonferroni corrected a of .008.
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