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Abstract

Traditional isotonic resistance exercise (TRD-RE) improves muscle mass, strength, and overall
health. However, TRD-RE may be impractical or unfeasible in injury or sport specific situations.
Compared to TRD-RE, eccentric quasi-isometric resistance exercise (EQI-RE) is a low-velocity
resistance exercise modality suggested to acutely produce similar and/or greater time under
tension, motor unit recruitment, and antagonist co-activation. With limited investigations or
comparisons to other forms of resistance exercise, however, evidence is lacking. As differences
between males and females exist in time under tension and motor unit behaviour in other
resistance exercise contexts, the current study explored sex-differences in time under tension
and surface electromyography (SEMG) across 2 sets of TRD-RE and EQI-RE. Twenty-seven (n =
13 females) participants performed unilateral TRD-RE and EQI-RE of the elbow flexors while
SEMG was collected from the biceps and triceps brachii. Several main and interaction effects of
resistance exercise type, set, and sex were present for time under tension, linear envelope
peak (LEpeak), absolute (IEMGabs) and relative (IEMG%) integrated sSEMG, with set 1 typically
having higher sEMG values than set 2, and EQI-RE having greater time under tension than TRD-
RE. Notably, females produced significantly more time under tension, iEMGabs, iIEMG%, and co-
activation than males during EQI-RE, while males experienced a more significant set-to-set
reduction in time under tension and LEpeak during TRD-RE. Overall, TRD-RE may result in
quicker voluntary excitation and subsequent fatigue of motor units compared to EQI-RE, while
females may accrue more resistance exercise volume than males when performing EQI-RE.
Theoretically, these effects could lead to long-term sex-differences in strength and hypertrophy
outcomes between males and females, TRD-RE and EQI-RE.
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Introduction

Resistance exercise alters muscle physiology and morphology acutely and chronically
(McKendry et al., 2021). Acutely, isotonic resistance exercise increases electromyography (EMG)
amplitude (e.g., Dankel et al., 2017; Paz et al.,, 2017), muscle thickness (e.g., Csapo et al,, 2011;
Yitzchaki et al., 2020) and muscle protein synthesis (Lim et al., 2022). Thus, repeated acute
resistance exercise bouts over a period of weeks may lead to muscle morphological
adaptations and improvements in performance and health outcomes, such as increased
muscle mass, strength, endurance, and control and/or reduction of chronic diseases and
musculoskeletal injury (Bennie et al., 2020; Ratamess et al., 2009; Schoenfeld, 2010, 2020;
Suchomel et al., 2016). While chronic resistance exercise is considered a potent means of
stimulating muscle hypertrophy and/or preventing muscle atrophy (Lim et al., 2022), traditional
isotonic resistance exercise involves alternating concentric and eccentric muscle actions at



high-velocities with loads > 65% 1-RM (Ratamess et al., 2009). As such, it may be difficult and/or
not tolerable to perform with musculoskeletal injury and may not train or reflect the demands
of sports that utilise low-velocity movements (Oranchuk et al., 2019). Thus, alternative
resistance exercise strategies, such as “eccentric quasi-isometrics”, or “EQIs” (Oranchuk et al.,
2019), which avoid high-loads and high-velocities have been proposed.

Briefly, an EQI involves initiating and maintaining a holding isometric muscle action
(Schaefer & Bittmann, 2017) to positional failure. Rather than ending the exercise at positional
failure, the resulting eccentric muscle action is voluntarily resisted through the desired range of
motion (ROM; Oranchuk et al., 2019b, 2020). As a novel, low-velocity resistance exercise
modality, variations of EQI resistance exercise (EQI-RE) are proposed to acutely increase motor
unit recruitment, muscle co-contraction/activation, and time under tension, potentially to a
greater degree than traditional isotonic resistance exercise (Morrison, 2016; Oranchuk et al,,
2019b; Seedman, n.d.-a, n.d.-b; Sinicki, 2019). Since time under tension and motor unit
recruitment are implicated in strength and hypertrophy processes (Lim et al., 2022; Moritani &
DeVries, 1979; Nuzzo, 2022; Pearson & Hussain, 2015; Schoenfeld, 2010; Zabaleta-Korta et al.,
2020), it has been suggested that the EQI concept could lead to unique musculotendinous
morphological and strength adaptations with chronic training (Morrison, 2016; Oranchuk et al,,
2019b; Seedman, n.d.-a, n.d.-b; Sinicki, 2019). Despite these suggestions, few studies have
investigated EQI-RE acutely or chronically, or compared it to other forms of resistance exercise.

Although it is likely that EQI-RE produces substantial time under tension (Oranchuk et
al. 2020), assertations that EQI-RE increases motor unit recruitment or muscle co-activation
remain unsubstantiated. Our previous work (Henderson et al., 2023) suggests no unique or
substantial increase in surface electromyography (SEMG) amplitude across 4 sets of EQI-RE
elbow flexions to volitional fatigue, although females were generally better able to maintain
performance and subsequent time under tension across multiple sets compared to males.
While females displaying greater muscle fatigue resistance during low-velocity or isometric
muscle actions of the elbow flexors is not a surprising outcome (Hunter, 2014, 2016b),
previous studies suggest that females could lose this performance advantage when performing
higher velocity muscle actions (Gomes et al., 2021; Senefeld et al., 2013; Yoon et al., 2015),
such as those performed with traditional isotonic resistance exercise (TRD-RE).

Potential sex-differences in the temporal manifestation of muscle fatigue with different
resistance exercise types are relevant when considering that time under tension is suggested
to be the main driver of EQI-RE induced muscle hypertrophy (Oranchuk et al., 2019). If EQI-RE



does produce greater time under tension than traditional isotonic resistance exercise (TRD-RE),
theoretically, this would lead to greater cumulative resistance exercise volume, and, as total
resistance exercise volume is positively associated with muscle hypertrophy (Schoenfeld et al.,
2017), greater muscle hypertrophy with EQI-RE compared to TRD-RE. Furthermore, if females
are less fatigable to EQI-RE than males, but not TRD-RE, this could result in sex-dependent
differences in long-term muscle strength and hypertrophy adaptations to EQI-RE and TRD-RE.
As muscle fatigue during EQI-RE and TRD-RE, and between males and females has yet to
compared, however, this remains speculative.

Given the purported advantages of EQI-RE to increase time under tension, motor unit
recruitment, and agonist-antagonist co-activation relative to more traditional resistance
exercise types (Morrison, 2016; Oranchuk et al.,, 2019b; Seedman, n.d.-a, n.d.-b; Sinicki, 2019),
the current study compared the acute muscle fatigue response between EQI-RE and TRD-RE of
the elbow flexors. Using a unilateral resistance exercise model (Macinnis et al., 2017), time
under tension was quantified during 2 sets of TRD-RE and EQI-RE supinated bicep curls to
volitional fatigue, while SEMG of the biceps brachii and triceps brachii were collected to
evaluate voluntary peak muscle excitation (linear envelope peak [LEpeak], absolute integrated
SEMG [iIEMGabs] and relative sSEMG [IEMG%] “muscle activity”, and normalised triceps brachii-
biceps brachii co-activation ratio [CoA]). While LEpeak was expected to be higher during TRD-
RE, based on ours (Henderson et al., 2023), and others' (Licen et al., 2024; Oranchuk et al.,
2020, 2021) studies reporting substantial time under tension during EQI-RE, it was
hypothesised that EQI-RE would produce greater time under tension, iIEMGabs, iIEMG%, and
CoA than TRD-RE, regardless of sex. Additionally, it was expected that iIEMGabs and iIEMG%
would decrease from set 1 to set 2 with TRD-RE and EQI-RE, as time under tension decreases
with fatigue (Henderson et al., 2023; Oranchuk et al.,, 2021; Ratamess et al., 2012). Due to
greater fatigue resistance (Hunter, 2016b), it was also hypothesised that females would accrue
greater time under tension and iIEMG% than males during EQI-RE but not TRD-RE. Males,
however, were expected to produce higher LEpeak and iIEMGabs due to having greater muscle
mass and less adipose tissue than females (Janssen et al., 2000).

Methods

The investigation was embedded within a longitudinal training project. A unilateral
(resistance exercise type), cross-sectional (set), and between-group (sex) design was used to
compare time under tension, voluntary biceps brachii excitation, and triceps brachii co-
activation between males and females during 2 sets of TRD-RE and EQI-RE of the elbow flexors



to volitional fatigue. As a unilateral design, participant’s dominant and non-dominant arm
(assessed using the Edinburgh Handedness Inventory), as well as order of completion, were
assigned to either TRD-RE or EQI-RE types using a Latin square (Portney et al.,, 2015).
Participants completed both sets with the first limb and assigned resistance exercise type
(TRD-RE or EQI-RE), before completing the other resistance exercise type for the second limb.
All sets were performed using 70% of participant’s estimated 1-repetition maximum (E-1RM),
while bipolar surface sEMG data were collected over the biceps and triceps brachii. The study
was approved by the University of Manitoba Research Ethics Board (REB 1; HE2023-0066), and
all participants provided verbal and written consent prior to participation.

Participants

Thirty participants 18-35 years old (15 females, 15 males; sex assigned at birth) were
recruited via convenience sampling from the University community. All participants did not
regularly partake in structured resistance exercise (defined as > 2x week, < 12-repetitions per
exercise), and were cleared for exercise by the Get-Active Questionnaire (Canadian Society for
Exercise Physiology, 2017). Furthermore, participants had no history of neurological disorders
or recent (< 3 months) injury (e.g., sprain, strain) that would impact their ability to perform
unilateral resistance exercise of the upper limb. Participants were instructed to avoid
structured and/or strenuous upper-body exercise or physical activity for 72-hrs, caffeine for 3-
hrs, and alcohol and cannabis for 24-hrs before the session. All participant's body composition
was as assessed by bioelectrical impedance (InBody 270; InBody Co, Seoul, South Korea) prior
to the session, and as per manufacturer recommendations.

Estimated 1-RM and Protocol Familiarisation

Participants were familiarised with and completed (at least 3-days apart) 10-RM testing
for a unilateral supinated bicep curl as per CSEP (Canadian Society for Exercise Physiology,
2013) to determine their estimated 1-repetition maximum (E-1RM). 10-RM testing was
performed for each limb, and E-1RM was calculated for each limb, with the average between
limbs used to prescribe relative load (% E-1RM) for both resistance exercise types. Additionally,
participants were familiarised with the EQI-RE procedures on two occasions at least 3-days
apart, and at least 3-days prior to data collection (Figure 1a.).



Protocol

Data were collected during one, 1.5-hr session in an exercise laboratory set at 20 °C
(Figure 1b.). To quantify the typical error of ultrasound measures for the larger project,
participants began the session by lying in a supine position for ~45 minutes. The skin over the
biceps and triceps brachii were then prepped for SEMG using standard procedures, including
abrading the skin surface and wiping with water (Henderson et al., 2023; Lulic-Kuryllo et al,,
2021; Piervirgili et al., 2014). Disposable dual SEMG electrodes (Ag/AgCl, 20mm interelectrode
distance; Noraxon U.S.A. Inc, Scottsdale, AZ) were then positioned approximately parallel with
the muscle fibres, based on procedures and recommendations by Barbero et al. (2012) and
SENIAM (www.seniam.org). For the biceps brachii, the distal portion of the electrode bordered
a line at 62% of the distance from the acromion to the cubital crease, while the electrode for
the lateral head of the triceps brachii was positioned just lateral to 40% of the distance from
the acromion to the lateral epicondyle. Electrodes were connected to an Ultium™ EMG system
(24-bit sampling resolution, >100 dB common mode rejection ratio, baseline noise <1 pV;
Noraxon U.S.A. Inc.) via wireless Ultium™ EMG/inertial measurement unit (IMU) sensors (10-500
Hz bandpass filter, + 16 g tri-axial accelerometer, 2048 LSB/g sensitivity, 16-bit sampling
resolution), which were affixed to participants’ skin using double-sided EMG sensor tape
(Noraxon U.S.A. Inc.). For the purposes of identifying repetition start and end-time via
acceleration, an additional EMG/IMU sensor was placed at the radial styloid process (Figure 2).

Baseline data was then recorded with participants standing in a relaxed, upright
position, with arms and hands held naturally at their sides. For both the TRD-RE and EQI-RE
limbs, participants began with a 3-set warm-up consisting of 1, 2, and 3 repetitions of unilateral
supinated bicep curls using 70% of their E-1RM, with 30-seconds of rest between sets. During
the warm-up, the researchers and onboard software monitored the sEMG for signal quality; in
cases of excessive baseline noise or impedance, the electrode area was re-prepped, and a new
electrode was applied before continuing. After 2-minutes of rest, participants performed their
first set of TRD-RE or EQI-RE followed by 2-minutes of rest and a second set. Participants then
spent ~10-minutes lying in supine rest, after which all SEMG preparation and warm-up
procedures were repeated for the remaining limb, and followed by 2 sets of the remaining
resistance exercise type (Figure 1).



Figure 1

Study Overview and Resistance Exercise Protocol
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Note. Prior to the data collection session, participants completed 3 sessions in the lab (a.), where they were
familiarised with the unilateral supinated bicep curl estimated 1-repetition maximum test (E-1RM; Canadian Society
for Exercise Physiology) on both limbs (i), performed true baseline E-1RM tests, were familiarised with EQI resistance
exercise (ii.), and practiced the TRD-RE and EQI-RE protocol (iii.). A minimum of 3 days later, participants completed
the full resistance exercise protocol (b.). The first limb was prepped for surface electromyography (SEMG), then
participants performed a standardised warm-up of 1, 2, and 3 unilateral bicep curl repetitions, followed by 2 sets of
TRD-RE or EQI-RE to volitional fatigue. After 10-minutes of lying rest, the remaining limb was prepped for sEMG and
then performed the standardised warm-up, followed by 2 sets of the remaining resistance exercise type (iv.). Shaded
areas represent parts of additional investigations.

TRD-RE and EQI-RE. For both the TRD-RE and EQI-RE, participants were positioned 1-2
feet from a wall, with their feet shoulder-width apart and parallel to the wall. The involved limb
was positioned away from the wall, while the uninvolved limb was allowed to be abducted



against the wall for support (Figure 2a.). After picking the dumbbell up off the floor, participants
held the dumbbell at their side in a supinated grip, before initiating either resistance exercise

type.

For the TRD-RE limb, participants performed continuous supinated dumbbell bicep
curls using a metronome guided 1-second concentric and 2-second eccentric muscle action.
Participants were instructed to perform repetitions from full elbow extension through at least
~130° of elbow flexion and were immediately and verbally corrected if they did not complete a
repetition to full ROM. For each set, participants performed as many continuous repetitions as
possible until they could no longer complete a single repetition, regardless of repetition
velocity, and the set was ended if participants required excessive momentum to perform
repetitions. For EQI-RE, participants were instructed to flex their elbow to ~130°, and then
brace and maintain joint position for as long as possible without causing concentric or
eccentric muscle actions (Oranchuk et al., 2020, 2021). Participants were told to then
voluntarily resist the eccentric (lengthening) muscle action that would occur as they fatigued,
for as long as possible, until the dumbbell returned to the starting position at their sides
and/or contacted their thigh. If participants under or overshot the initial 130° position, their
elbow angle was immediately and verbally corrected. Verbal encouragement was provided
during the TRD-RE and EQI-RE.



Figure 2

Overview of Resistance Exercise Set-up and sEMG Analysis
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Note. Set-up at starting position (a.) and example data trace overlay for TRD-RE (b.) and EQI-RE (c.). A= biceps brachii
electrode placement, B = triceps brachii electrode placement, C = IMU placement, D = dumbbell corresponding to
70% of E-1RM. Onset and offsets are identified by dotted lines; EQI = Eccentric quasi-isometric set, TRD = Traditional
isotonic set. Black line = vertical acceleration, blue line = biceps brachii linear envelope, green line = triceps brachii
linear envelope. X-axis are not to scale.

Data Processing

SEMG and IMU data were sampled at 2000 Hz and 200 Hz, respectively, and recorded in
MR3 Software (v. 3.18, Noraxon U.S.A). Data were then exported as .csv files and imported into
LabChart 8 (ADInstruments Inc., Colorado Springs, USA), where custom macros were used to
further bandpass filter (20-500 Hz; zero-phase lag Finite Impulse Response (FIR)), full-wave
rectify, and subsequently lowpass filter (8Hz; FIR) the sSEMG data to create a linear envelope.
Acceleration data were smoothed using a lowpass filter (5 Hz; FIR) and vertical acceleration was
used to define the start and end of each TRD-RE and EQI-RE set. For TRD-RE, peak-to-peak



analysis was used to define each repetition, with the first acceleration peak (i.e., peak elbow
flexion) representing the start of the first repetition/set, and the last peak representing the end
of the last repetition/set (Figure 2b). The start of each EQI-RE set was manually defined as the
point after the initial elbow flexion where acceleration visually stabilized, while the end of each
set was considered the lowest acceleration value where sEMG excitation was visibly present
(Figure 2¢; Kamen & Gabriel, 2010).

For each TRD-RE and EQI-RE set, the largest SEMG linear envelope value within a set
was “LEpeak.” The sSEMG linear envelope of the biceps and triceps brachii was then integrated
using the rectangular rule (IEMG), and the resulting iIEMG value was considered to be absolute
“muscle activity” (EMGabs). To calculate relative iIEMG (IEMG%), the linear envelope was
normalised to the peak value during set 1, and again integrated using the rectangular rule. To
calculate antagonist co-activation ratio (CoA), the iIEMG% of the triceps brachii was divided by
the IEMG% of the biceps brachii. The time to perform each EQI-RE and TRD-RE set (i.e., onset to
offset) was time under tension. Custom LabChart 8 macros were used to extract the variables
which were then exported to Excel (Microsoft 365; Microsoft Corporation, Redmond, USA).

Statistical Analysis

Statistical analyses were performed in open-source Jamovi software (v 2.3.21) and SPSS
28 (IBM, Inc.; Armonk, USA). To compare the effects of TRD-RE vs. EQI-RE (type) on time under
tension, biceps brachii excitation (LEpeak, iIEMGabs, IEMG%), and triceps brachii-biceps brachii
co-activation ratio (CoA) between males and females (sex) and across 2 sets (sets), 5 three-way
mixed-factorial ANOVAs (2[type]*2[set]*2[sex]) with repeated measures on set and type were
conducted. For main and interaction effects, a was based on a compromise power analysis.

As the current study was part of a larger project, and therefore not specifically powered
to the outcomes, a compromise power analysis based on 27 participants for a 2(type) *2(set)
interaction and within-subject main effects was performed to determine significance cut-offs
(G*Power V. 3.1.9.2; Faul et al.,, 2007). Assuming a 3/a probability ratio of 1, a power (1- 3 error
probability) of 0.91 was achieved for a large effect size (n,> = 0.14) when a = .21-.22. As such, 2
(type) *2(set) interactions were considered significant at p < .22, and Bonferroni corrected for
post-hoc comparisons. Due to software limitations, sex was not included in compromise power
calculations, and therefore three-way interactions should be interpreted cautiously.
Assumptions of normality and homogeneity of variances were assessed with Shapiro-Wilk's and
Levene's tests (p < .05; Field, 2009; Levene, 1960), respectively. Outliers and extreme outliers



were defined as data points outside 1.5x and 3x the interquartile range, respectively. Due to
expected variability in the data and modest sample size, outliers were left in the analysis;
however, extreme outliers were replaced with the next lowest score + 1, as per (Field, 2009).
Significant main and interaction effects were followed by simple main effects and pairwise
contrasts. Small, medium, and large effect sizes (ny?) were generalised as .01, .06, and .14.
Variability is presented as + standard deviation (SD) unless otherwise specified.

Results

Of the 30 participants recruited, two participants were lost to attrition and did not
complete the protocol, while one participant was excluded due to missing accelerometer data.
As such, 27 participants (14 male, 13 female), or 54 limbs were included in the final analysis.
Demographics and body composition for each participant and limb are presented in Table 1.
Both E-1RM and lean mass for TRD-RE and EQI-RE limbs were not statistically different. The
resistance exercise protocol was performed with an actual relative load of 69.1 + 2.3% and 69.5
+2.1% of E-1TRM in males and females, respectively. Biceps Brachii signal-to-noise ratio ranged
from 1.63 - 2.57, while triceps brachii ranged from 0.98 - 2.26; triceps brachii signal-to-noise
ratio was < 1.2 in two instances during EQI-RE.
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Table 1

Demographic and Descriptive Statistics for Study Sample and Assigned Limbs

Male (n=14) Female (n=13)
Descriptives M (SD) Range M (SD) Range
Age (years) 21.9(3.9) 18-30 25.1 (3.3) 19-32
Height (cm) 179.6 (9.9) 167.7-199.5 166 (5.7) 157-176
Weight (kg) 76.7 (16.9) 52.7-111.3 70.5(17.7) 51.0-118.3
Lean Mass (kg) 34.9 (6.8) 26.3-49.8 26 (3.8) 20.7-34.2
Body Fat% 18.9(8.9) 8.7-34.3 31.3(9.7) 14.0-49.2
Male Female
E-1RM? (Ibs) M (SD) Range M (SD) Range
TRD-RE Limb (n = 27) 27.4(5.8) 17.6-40.0 17.7 (4.0) 12.5-24.1
EQI-RE Limb (n = 27) 26.6 (5.2) 15.1-36.7 17.6 (4.0) 12.0-27.1
Male Female
Lean Mass? (kg) M (SD) Range M (SD) Range
TRD-RE Limb (n = 27) 3.4(0.8) 2.3-5 2.4(0.6) 1.6-3.8
EQI-RE Limb (n = 27) 3.4(0.7) 2.4-4.8 2.4(0.6) 1.6-3.8
Male Female
TRD-RE Repetitions M (SD) Range M (SD) Range
Set 1 (n=27) 13.6(2.6) 10-20 13.3(2.3) 9-18
Set 2 (n=27) 6.4(2.2) 3-11 6.9(1.7) 4-9

Note. M = mean, SD = standard deviation.

@TRD-RE and EQI-RE limbs were not statistically different based on paired sample t-test (p >.05).

As expected, data were not normally distributed, although no more than one extreme
outlier was present for any variable; a total of 7 data points were replaced across all dependent

and independent variables. Traditional transformation methods (Log10, square root) did not

meet the assumption of homogeneity of variance; thus, ANOVAs and interpretation were based

on observed scores. Estimated marginal means, data normality, and homogeneity of variance

after replacement are presented in Table 2. ANOVA tables for main effects, interaction effects,

and pairwise comparisons can be found in Appendix A.
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Table 2

Means for Dependent Variables Split by Type, Set, and Sex

TRD-RE EQI
DV Sex Mean (SD) Mean (SD)
LEpeak Set 1 ¢ M 1430.2 (529.4) 488.4 (368.7)°
Y F 646.4 (263.2) 360.7 (178.3)
LEpeak Set2<d M 1222.79 (434.7) 542.6 (370.7)
pv F 586.7 (180.7) 337.4(147.4)
iIEMGabs Set 1 M 18686.3 (7853.5) 17036.6 (13454.8)
pv /s F 9571.8(5518.3)>  17207.0 (11531.3)
IEMGabs Set2¢ M 9544.9 (4906.2) 12776.6 (9481.3)
PV /s F 5070.1 (2715.2)®  10909.7 (5793.8)
iIEMG% Set 1 M 1303.3(288.8) 3372.3(1257.0)
%/s F 1441.6 (402.9) 4487.5(1752.3)
IEMG% Set 2 M 679.8 (324.1) 2620.9 (1273)
%/s F 823.4 (272) 3085.8 (1215.8) ©
CoA Set 1 M 1.3(0.2) 1.2(0.3)b
IEMG%/IEMG% F 1.1(0.2) 1.3(0.2)
CoASet2c¢ M 1.2(0.3) 1.1(0.4)
IEMG%/IEMG% F 1.1 (0.1) 1.3(0.4)
TUT Set 1 M 55.4(12.7) 101.6 (35.7)
seconds F 479 (8.3) 149.6 (67.7)
TUT Set 2 M 28.0(10.8) 64.7 (22.1)°
seconds F 28.4 (7.6) 92.0 (28.2)

Note. M =male, F =female, SD = standard deviation, DV = dependent variable, LEpeak = peak biceps brachii
excitation, iIEMGabs = absolute biceps brachii integrated surface electromyography, IEMG% = relative biceps brachii
integrated surface electromyography, CoA = triceps brachii-biceps brachii co-activation ratio, TUT = time under
tension.

b Significant Shapiro-Wilks Test (p < .05)
¢Significant Levene's Test, TRD-RE (p < .05)

dSignificant Levene's Test, EQI-RE (p < .05)
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Effect of Resistance Exercise Type and Set

Time Under Tension. There were significant and large main effects of type (p <.001, np’=
0.77) and set (p <.001, ny*= .76), with TRD-RE producing significantly less time under tension
than EQI-RE (39.9 + 1.75vs. 101.97 + 7.19 s) and set 1 producing significantly more time under
tension than set 2 (88.6 + 5.6 vs. 53.3 + 2.8 s). There was also a significant and large type*set
interaction (p = .002, Ny’ = 0.324), with simple effects and pairwise contrasts indicating that
TRD-RE produced significantly less time under tension than EQI-RE during set 1 (p < .001, ny*=
0.7) and set 2 (p < .001, ny* = 0.82), while set 1 produced more time under tension than set 2
when performing TRD-RE (p < .001, np* = 0.88) or EQI-RE (p < .001, np* = 0.63).

LEpeak. There were significant and large main effects for type (p <.001, ny*= 0.83) and
set (p = .01, no> = 0.24), with TRD-RE resulting in higher LEpeak values than EQI-RE (971.5 + 71.0
vs. 432.3 +55.1 pV) and set 1 resulting in higher LEpeak values than set 2 (731.5 + 64.3 vs.
672.4 + 54.2 uV). There was also a significant type*set interaction, (p = .002, n,* = 0.32); simple
effects and pairwise contrasts indicated TRD-RE produced significantly greater LEpeak
compared to EQI-RE during set 1 (p <.001, ny*>= 0.83) and set 2 (p < .001, np* = 0.76). However,
set 1 only produced significantly higher LEpeak than set 2 when performing TRD-RE (p = .002,
ne> = 0.317), and there were no significant differences between sets when performing EQI-RE (p
=.398).

IEMGabs. There were significant and large main effects for type (p =.025, n*= 0.19) and
set (p <.001, np? = 0.67), with TRD-RE producing significantly less iEMGabs than EQI-RE
(10718.3£999.3 vs. 14482.5 £ 1921.3 pV /s), and set 1 producing significantly more iEMGabs
than set 2 (15625.4 £ 1652.6 vs. 9575.3 + 1041.5 pV /s).

CoA. There were no main or interaction effects of type and/or set for CoA.

IEMG%. There were significant and large main effects for type (p <.001, np?=0.79) and
set (p <.001, np? = 0.73), with TRD-RE producing significantly less iIEMG% than EQI-RE (1062 +
57 vs.3391.7 + 252.3 %/s), and set 1 producing significantly more iEMG% than set 2 (2651.2 +
163.4 vs. 1802.5 + 130.1 %/s). There was also a significant and large type*set interaction, (p <
.008, np* = 0.25), with simple effects and pairwise contrasts indicating that TRD-RE produced
significantly less iEMG% than EQI-RE during set 1 (p <.001 ny®= 0.85) and set 2 (p < .001, ny* =
0.6), while set 1 produced significantly more iEMG% than set 2 when performing TRD-RE (p <
001, np? = 0.78) or EQI-RE (p < .001, ny* = 0.77).
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Effect of Sex

Time Under Tension. There was a significant and large main effect of sex (p = .041, ny* =
.157), with males producing significantly less time under tension than females (62.4 + 5.5 vs.
79.5 + 5.7 s). Furthermore, there was a large and significant type*sex (p = .006, ny* = .265), and
sex*type*set interaction (p = .049, ny> = 0.15). Simple effects and pairwise contrasts indicated
there were no sex-differences in time under tension with TRD-RE (p = .321). However, males
produced significantly less time under tension than females when performing EQI-RE (p = .015,
ne® = 0.22). For the sex*type*set interaction, when performing TRD-RE, males produced
significantly more time under tension than females during set 1 (p =.085, ny*= 0.12), but there
were no sex-differences during set 2 (p =.915). When performing EQI-RE, however, females
produced significantly greater time under tension than males during set 1 (p = .028, n,*= 0.18),
and set 2 (p = .009, ny* =.24, Figure 3, Table 2).
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Figure 3

Interaction of Resistance Exercise Type and Set Split by Sex for Time Under Tension
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Error bars denote standard deviation. Individual dots represent observed data points. Red = EQI-RE, grey = TRD-RE.

For simplicity, significant sex-differences are not indicated on figures; p-values are Bonferroni corrected as in SPSS
28.
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LEpeak. There was a significant and large main effect of sex (p = .001, ny* = 0.36), with
males producing higher LEpeak values than females (482.8 + 84.3 vs. 921.0 + 81.2 pV).
Furthermore, there were significant and large type*sex (p <.001, ny® = 0.55), and type*set*sex
interactions (p =.017, np*= 0.21). Simple effects and pairwise contrasts indicated that males
produced significantly higher LEpeak than females when performing TRD-RE (p < .001, np* =
0.5) or EQI-RE (p = .143, ny” = 0.08), while TRD-RE produced higher LEpeak than EQI-RE for both
males (p <.001, ny* = 0.848) and females (p = .001, ny? = 0.36). When this interaction was
broken down by set, TRD-RE produced higher LEpeak than EQI-RE during set 1 and set 2,
regardless of sex (p = .002 to p <.001, np? = 0.30 to Ny’ = 0.86). However, when performing EQI-
RE, there was no significant difference in LEpeak between males and females during set 1 (p =
0.27), although males produced significantly greater LEpeak than females during set 2 (p =
074, ne* = .12). Additionally, while set 1 produced higher LEpeak than set 2 when males
performed TRD-RE (p = .001, np? = .37) or EQI-RE (p = .039, n,* = .16), in females, there was no
significant difference between set 1 and set 2 when performing TRD-RE (p = .30) or EQI-RE (p =
.376; Figure 43, Table 2).
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Figure 4

Interaction of Resistance Exercise Type and Set Split by Sex for Biceps Brachii
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surface electromyography; d.). * p < .22, ** p < .05, *** p < .01 between type. ## p < .05, ### p < .01 between sets.
Symbols represent estimated marginal means. Error bars denote standard deviation. Individual dots represent
observed data points. For simplicity, significant sex-differences are not indicated on figures; p-values are Bonferroni
corrected as in SPSS 28.
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CoA. There was no main effect of sex, however, there were significant and modest-large
type*sex (p = .039, Ny’ =.16) and type*set*sex interactions (p = .172, np* = .07). Simple effects
and pairwise contrasts indicated that, when performing TRD-RE, males had greater CoA than
females (p = .075, n,* = 0.12), however, there were no sex-differences when performing EQI-RE
(p = .338). In females, EQI-RE produced significantly larger CoA than TRD-RE (p = .048, n,* =
0.15), while in males, CoA was not significantly different between TRD-RE and EQI-RE (p = .332).
Broken down by set, when performing TRD-RE, females produced greater CoA than males
during set 1 (p =.076, np’= 0.12) and set 2 (p = .114, ny> = 0.10). When performing EQI-RE,
however, there were no sex-differences during set 1 (p = .594) or set 2 (p = .230). Furthermore,
in females, TRD-RE produced less triceps brachii CoA than EQI-RE during set 1 (p =.108 np* =
0.10) and set 2 (p = .034, np? = 0.17), however, in males, there were no significant differences
between TRD-RE and EQI-RE during set 1 (p = .463) or set 2 (p = .277; Figure 4b, Table 2).

JEMGabs. There was a significant and large main effect of sex (p = .001, ny* = 0.36), with
males producing significantly more iEMGabs than females (14511.1 + 1823.4 vs. 10689.7 +
1892.2 pV/s). Furthermore, there was a significant and modest type*sex (p = .07, n,* = .13) and
type*set*sex interactions (p = .015, n,> = 0.21). Simple effects and pairwise contrasts indicated
that males produced significantly greater iEMGabs than females during TRD-RE (p = .002 ny*=
0.67), however, there was no significant sex-difference in iEMGabs during EQI-RE (p = .827).
Furthermore, TRD-RE produced significantly less iEMGabs than EQI-RE in females (p = .006, np’
= 0.26), but in males there was no significant difference between TRD-RE and EQI-RE (p = .72).
Broken down by set, when performing TRD-RE, males produced greater iEMGabs than females
during set 1 (p =.002, ny* = 0.32) and set 2 (p = .008, ny* = 0.25), however, when performing
EQI-RE, there were no significant differences between males and females during set 1 (p =
972) or set 2 (p = .546). Additionally, in females, TRD-RE produced less iEMGabs than EQI-RE
during set 1 (p =.017 np* = 0.2) and set 2 (p = .003, ny*= 0.3). In males, IEMGabs during set 1
was not statistically different when performing TRD-RE or EQI-RE (p = .570), although TRD-RE
produced significantly less iEMGabs than EQI-RE during set 2 (p = .07, n,*= 0.13; Figure 4c,
Table 2).

JEMGY%. There was a significant and modest main effect of sex, (p =.105, np?= 0.11), with
males producing significantly less iIEMG% than females (1994.1 + 192.2 vs. 2459.6 + 199.4 %/s).
Furthermore, there were small-modest type*sex (p = .186, ny,* = .07), set*sex (p = .13, np* =.09),
and type*set*sex interactions (p = .048, n,*>= 0.15). Simple effects and pairwise contrasts
indicated there were no sex-differences in iIEMG% when performing TRD-RE (p = .228),
however, females produced more iEMG% than males when performing EQI-RE (p = .13, np’ =
0.09). Regardless of resistance exercise type, females produced significantly greater iEMG%
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than males during set 1 (p = .067, np* = 0.13), but there were no sex-differences during set 2 (p
=.253). When considering type, set, and sex, performing TRD-RE did not result in significant
sex-differences in IEMG% during set 1 (p =.312) or set 2 (p = .226). When performing EQI-RE,
however, females produced significantly greater iEMG% than males during set 1 (p = .068, np* =
0.13), although there were no sex-differences during set 2 (p = .342; Figure 4d, Table 2).

Discussion

The current study compared the acute muscle fatigue response across 2 sets of
traditional isotonic (TRD-RE) and eccentric quasi-isometric resistance exercise (EQI-RE) of the
elbow flexors, and between the sexes. In line with our hypothesis, EQI-RE produced significantly
and substantially more time under tension, iEMGabs, and iIEMG% than TRD-RE, while TRD-RE
led to higher LEpeak than EQI-RE. Furthermore, LEpeak, IEMGabs, IEMG%, and time under
tension significantly decreased from set 1 to set 2, while males produced significantly higher
LEpeak and iIEMGabs, but significantly lower IEMG% and time under tension than females.
Unlike our hypothesis, resistance exercise type, set, or sex did not individually affect CoA.
Surprisingly, follow-up comparisons revealed several type*set*sex interactions that were not
considered by our initial hypothesis, which will be addressed in the subsequent discussion.

The current study corroborates that when intensity is matched, EQI-RE produces more
time under tension than TRD-RE. While this was assumed prior to the current study (Oranchuk
et al,, 2019), only one study had directly compared EQI-RE time under tension to another form
of resistance exercise (eccentric knee extension); when resistance exercise volume was
equated by angular impulse, average time under tension for eccentric resistance exercise of
was 135 + 72 s, whereas average time under tension for EQI-RE was 242 + 132 s (Oranchuk et
al., 2020). Although inferential comparison was not reported, this represents a 79% and
significant (paired t-test; p <.05) increase in time under tension when performing EQI-RE.
Comparatively, there was also a significant and substantial time under tension difference
between resistance exercise type in the current study, with EQI-RE producing 256% more time
under tension than TRD-RE. In line with our hypothesis, when this difference was broken down
by sex, females produced 45% more time under tension than males across both sets (241.6 vs.
166.3 s; Table 2). Based on our previous work (Henderson et al., 2023) and the broader muscle
fatigue literature, this result is not unexpected, as females are typically more fatigue-resistant
than males during sustained low-velocity and/or isometric muscle actions of the elbow flexors
(Hunter, 2016b, 2016a). If characterising EQI-RE as both isometric and low-velocity (Oranchuk
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et al,, 2019), sex-differences in fatiguability were present in the current study, as females were
able to sustain EQI-RE set 1 and set 2 longer than males.

Previous research suggests that males and females experience similar relative
reductions in isometric torque (Senefeld et al., 2013), peak concentric torque (Gentil et al,,
2017), time to task failure (Yoon et al., 2015), and concentric power (Senefeld et al., 2013) after
and across multiple sets of concentric elbow flexions, although these studies used training
intensities well below traditional resistance exercise practices (e.g., 20% maximal isometric
torque). Conversely, when utilising a self-selected repetition velocity, and a similar intensity
(75% 1-RM) and inter-set rest period (2-minutes) as the current study, Ratamess et al. (2012)
observed a significant reduction in repetitions performed by men, but not women, after 2 sets
of bench press. Similarly, Voskuil et al. (2024) observed that resistance-trained males
performed significantly less repetitions and exerted less isometric strength and associated
SEMG amplitudes compared to females across 4 sets of unilateral bicep curls to volitional
fatigue at 50% 1RM. In comparison, the current study did not reveal sex-differences in the
number of TRD-RE repetitions performed during set 1 or set 2 (Table 2), nor differences in
normalised muscle activity. Indeed, while the presence of time under tension, but not
repetition differences between males and females during TRD-RE in the current study could be
explained by differences in repetition cadence with neuromuscular fatigue (e.g., Refalo et al.,
2023), the current study also revealed no sex-differences in normalised muscle activity during
TRD-RE, which may suggest that observed differences in muscle fatigue are due to sex-related
contractile mechanisms (Nuzzo, 2024). However, when sEMG data were broken down by type,
set and sex, a complex muscle excitation response appears to be present.

Under the broad assumption that motor unit recruitment threshold is inversely related
to size, and greater sEMG amplitude indicates higher threshold motor units are being excited
(Henneman, 1957; Henneman & Olsen, 1965; Kamen & Gabriel, 2010; Lawrence et al., 1983),
LEpeak data suggests that TRD-RE results in greater excitation of high threshold motor units
than EQI-RE. Notably, females displayed similar LEpeak and iEMG values between sets for both
TRD-RE and EQI-RE, whereas males LEpeak significantly decreased between sets when
performing TRD-RE, and slightly increased between sets for EQI-RE. Coupled with a high initial
LEpeak value, the large set-to-set decrease in males could suggest greater initial involvement of
high threshold motor units in set 1 (Bigland-Ritche et al., 1983; Carr et al., 2021; Carr & Ye,
2020), which is followed by either a large reduction in the number, size, and/or firing rate of
motor units during set 2. Furthermore, the smaller drop-off in males’ iIEMGabs and slight
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increase in males' LEpeak from set 1 to set 2 during EQI-RE could suggest EQI-RE progressively,
albeit slightly, recruited additional and presumably high threshold motor units in males with
multiple sets (Adam & De Luca, 2003; Carr et al.,, 2021). In contrast, the lack of set-to-set
differences and similar behaviour of females’ LEpeak for both TRD-RE and EQI-RE could
suggest that females utilise similar motor unit recruitment strategies regardless of resistance
exercise type. As is the case with our previous work, however, specific motor unit behaviours
cannot be revealed with the current methods.

Previous works have suggested that males could experience greater decreases in
muscle excitability during isotonic resistance exercise for the elbow flexors (Nuzzo et al., 2023;
Voskuil et al., 2024). Although the current study suggests that EQI-RE may not excite motor
units as quickly as TRD-RE, when compared to the large set-to-set decrease in LEpeak for TRD-
RE, the slight increase in LEpeak for males when performing EQI-RE may suggest that males
are better able to maintain excitability (e.g., Adam & De Luca, 2003) with EQI-RE, and therefore
are less fatigued relative to TRD-RE. As the ability to excite high threshold motor units would
theoretically benefit muscle force output, the data of the current study would fit with the
results of Oranchuk et al. (2020), who observed a smaller decrease in maximal voluntary
isometric torque in resistance-trained males after performing EQI-RE. Therefore, these data
may loosely support claims that EQI-RE results in less fatigue than isotonic or isometric
resistance exercise (Seedman, n.d.-a, n.d.-b). While muscle fatigue can limit performance, it is
relevant to note that it represents an important stimulus for creating neuromuscular and
muscle morphological adaptations (Hunter, 2016b). In the context of sport-specific training or
strength and conditioning, the principle of specificity would require high-threshold and highly
fatigable motor units to be sufficiently stimulated and recruited to create progressive overload
and adaptation. As discussed by Oranchuk et al. (2019), collectively these data may therefore
suggest that EQI-RE has limited application for improving the neuromuscular aspects of muscle
strength or power, as these motor units would experience a reduced stimulus when
performing EQI-RE compared to TRD-RE.

As EQI-RE is purported to result in greater agonist-antagonist co-contraction/activation,
and subsequent improvements in muscle stiffness, stabilisation, and coordination (Morrison,
2016; Oranchuk et al., 2019b; Seedman, n.d.-a, n.d.-b; Sinicki, 2019), we examined iEMG CoA of
the triceps brachii and biceps brachii. The current study did not reveal a main effect of
resistance exercise type on CoA. When data were examined within each sex, however, CoA was
higher during EQI-RE in females only, and males in the current study had higher CoA than
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females when performing TRD-RE but not EQI-RE. Given studies that observed no difference in
CoA and/or similar triceps brachii SEMG amplitude between sustained holding and yielding
isometrics, but differences in time to task failure (Rudroff et al., 2007, 2011; Schaefer &
Bittmann, 2017), the lack of CoA differences between TRD-RE and EQI-RE are not necessarily
surprising. However, the observed sex-differences in CoA when performing TRD-RE contrasts
with the paucity of research suggesting that females may exert greater and/or similar triceps
activation than males when performing sub-maximal isokinetic elbow flexions. For example,
researchers have suggested that the increased metabolic and neuromuscular demand of
recruiting additional motor units of the antagonist musculature may be detrimental to
muscular endurance (Jodoin et al., 2023a; Schaefer & Bittmann, 2017; Yoon et al., 2013). As
females produced substantially more time under tension than males during EQI-RE despite
having greater CoA, and males produced equivalent, if not longer time under tension during
TRD-RE while having greater CoA than females, the current study suggests a limited
contribution of CoA to sex-differences in muscle fatigue during TRD-RE or EQI-RE.

To remove the influence of external factors that may affect results irrespective of sex,
such as muscle strength, body composition, height, etc. (Halaki & Ginn, 2012) and examine
relative differences, we examined relative muscle activity iIEMG%) alongside absolute muscle
activity (IEMGabs). In the current study, iIEMG% was not statistically different between males
and females when performing TRD-RE and from these data, it would appear that sex-
differences in iIEMGabs during TRD-RE could therefore be attributed to differences in strength
and/or anthropometry between males and females. With EQI-RE, however, females produced
significant, albeit slightly greater iIEMG% during set 1 even though males and females were not
statistically different for IEMGabs. As differences were present when expressed relatively, this
could suggest that there are sex-specific mechanisms involved in maintaining force output and
motor unit recruitment during EQI-RE, but not TRD-RE. As such, sex-differences in iEMG% are
perhaps due to differences in motor unit recruitment strategies or substrate metabolism
between males and females (Hunter, 2014; Nishikawa et al., 2017; Pradhan et al., 2020), which
would not be revealed using the current methods. Beyond suggesting that factors intrinsic of
sex may influence EQI-RE more so than TRD-RE, further speculation is beyond the scope of the
current investigation.

The results of the current study lend initial support to our theory that chronic EQI-RE
will lead to sex-differences in muscle hypertrophy and strength that would be different from
TRD-RE. Current data suggests that untrained males and females experience similar relative
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increases in muscle mass from chronic TRD-RE (Roberts et al., 2020), although females may
have a small advantage when it comes to improving strength (Roberts et al., 2020). Assuming
mechanical tension or mechanotransduction is the primary driver of muscle hypertrophy
(Haun et al., 2019; Schoenfeld, 2010) the limited sex-differences in time under tension when
performing acute TRD-RE in the current study would fit with these data, as relative volume
would theoretically be similar across a resistance exercise program. As females exerted
substantially more time under tension and absolute muscle activity during EQI-RE compared to
males and TRD-RE, however, it remains reasonable that females may experience greater
relative muscle hypertrophy (Schoenfeld et al., 2017) than males with EQI-RE. Furthermore,
while EQI-RE produced significantly smaller LEpeak than TRD-RE for males (set 1: -293%, set 2: -
225%) and females, the magnitude of difference was much smaller in females (set 1: -180%, set
2:-174%), suggesting that there may be more significant differences between TRD-RE and EQI-
RE in males with respect to neuromuscular and/or strength outcomes.

There are important limitations of the current study that should be considered when
interpreting our results. Although EQI-RE and TRD-RE limbs were not statistically different with
respect to lean mass and strength, the left arm may be more susceptible to electrocardiogram
(ECG) contamination than the right arm, while neurological effects resulting from resistance
exercise by the first limb may carry over to the second limb (Aboodarda et al., 2016; Halperin et
al., 2014). As limb assignment was counterbalanced, and the overall contribution of ECG to
signal power is relatively small (Kamen & Gabriel, 2010), however, it is expected that this would
have minimal effect on our results. Furthermore, rapid changes in muscle length underneath
bipolar SEMG electrodes can contribute to observed LEpeak and iEMG values (Kamen &
Gabriel, 2010), which could affect TRD-RE to a greater degree than EQI-RE due to repeated and
higher repetition velocity. Additionally, the current study was limited to two resistance exercise
sets using untrained individuals, who had only recent exposure to TRD-RE and EQI-RE. As such,
these results may not reflect those of resistance-trained or more experienced individuals, or
those that might be expected for intensities above or below 70% 1-RM. The current study does
have the advantage of being the first examination of EQI-RE using an ecologically valid model of
resistance exercise, and not an isokinetic dynamometer (e.g., Henderson et al., 2023; Oranchuk
etal., 2020, 2021). Most importantly, the current study does not address nor imply that EQI-RE
or TRD-RE are more advantageous for muscle hypertrophy or muscle strength, as SEMG is
poorly associated with muscle hypertrophy (Vigotsky et al., 2022).
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Although the current study does not address long-term adaptations to TRD-RE or EQI-
RE it has meaningful implications for practice. For one, it is apparent that males and females
have different fatigue responses to TRD-RE and EQI-RE, and that the number of repetitions or
sets performed may be relevant depending on the sex of the individual and desired training
effects. With 2-minutes of rest between sets, males accrue less time under tension than
females during EQI-RE and may experience a more significant decline in TRD-RE time under
tension than females when performed to volitional fatigue. Additionally, males may require
multiple sets of EQI-RE to recruit the entirety of the motoneuron pool, and experience a larger
drop-off in muscle excitation after 2 sets of TRD-RE. Furthermore, although the current study
only had participants perform 2 sets of TRD-RE and EQI-RE, there is reason to believe that
performing EQI-RE at the end of a resistance exercise session may have significantly different
effects than what was observed in the current study. For example, recent work (Jodoin et al.,
2023b) suggests that females may lose their fatiguability advantage over males when sustained
isometric muscle actions are preceded by maximal eccentric muscle actions, which is
associated with a significant increase in female antagonist activation. It should be noted that
the EQI-RE data in the current study, as well as in previous studies (Henderson et al., 2023;
Oranchuk et al., 2020, 2021), has been highly variable, however, this is not unexpected in
resistance exercise studies of untrained individuals (Mann et al., 2014), and thus individual
responses to EQI-RE may vary greatly.

Conclusion

The current study suggests there are relevant sex and set differences in the SEMG and
time under tension response to TRD-RE and EQI-RE of the biceps brachii and triceps brachii
that are theoretically relevant for long-term muscle hypertrophy. Overall, TRD-RE likely results
in quicker recruitment and fatigue of motor units compared to EQI-RE, with similar and/or
small differences in time under tension and relative muscle activation between males and
females. Conversely, females appear to produce significantly more time under tension,
absolute and relative muscle activity than males during EQI-RE, along with greater triceps
brachii-biceps brachii CoA, suggesting the involvement of fatigue mechanisms intrinsic to sex.
More generally, males and females completed the same number of repetitions when
performing unilateral isotonic dumbbell curls, although time under tension varied slightly.
Based on these findings, future studies should examine whether these acute sex-differences
would manifest in long-term muscle hypertrophy, strength, and/or neuromuscular adaptations
between males and females, TRD-RE and EQI-RE.
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Appendix A

Supplementary Table 1

ANOVA Table - Main Effects

ANOVAs

Time Under Tension df Type Il SS Np?

TYPE 25 103861.41 81.92 <.001 0.77
SET 25 33715.21 78.68 <.001 0.76
SEX 25 1966.36 4.66 0.041 0.16
Lepeak

TYPE 25 7840283.57 118.51 <.001 0.83
SET 25 94162.24 7.80 .010 0.24
SEX 25 1294248.86 14.01 .001 0.36
iEMGabs

TYPE 25 382040064.93 573 .025 0.19
SET 25 986944634.16 50.37 <.001 0.67
SEX 25 98436851.57 2.1 0.158 0.08
IEMG%

TYPE 25 146334824.92 95.08 <.001 0.79
SET 25 19422339.84 68.24 <.001 0.73
SEX 25 1460510.74 2.83 105 0.10
CoA

TYPE 25 0.06 0.66 426 0.03
SET 25 0.0024 0.1 744 0.00
SEX 25 0.0014 0.03 .861 0.00
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Appendix A

Supplementary Table 2

ANOVA Table and Pairwise Comparisons - Two-Way Interactions

a.

ANOVAs Contrasts

LEpeak F p np? TRD EQI Set 1 Set 2 M Fe mdiff SE 78% Cl

TYPE*SET 11.50 .002 032 Set1 103833 42456 613.77 55.74 .007 54365 683.89
Set 2 904.71  439.99 464.71 52.60 .001 39854 530.89
TRD 103833  904.71 133.62 39.23 .002 84.27  182.98
EQI 42456  439.99 -15.43 17.95 398 -38.01 7.15

TYPE*SEX 30.09 <001 0.55 TRD 132646 61658 709.88 142.09 .007 531.13 88.63
EQI 51552 34904 16648 110.12 143 27.96  305.02
M 132646 515.52 810.94 68.74 001 72445 897.42
FE 616.58 349.04 267.54 71.34 .007 177.80 357.29

SET*SEX 0.690 0414 0.027 Set1 95933 50357 45576 128.63 .002 29394 617.58
Set 2 882.65 462.05 420.61 108.43 .001 28420 557.01
M 959.33  882.65 76.67 29.36 .015 39.74  113.60
FE 503.57  462.05 41.52 30.46 185 3.19 79.85
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b.

ANOVAS Contrasts

iEMGabs F p np? TRD EQI Set 1 Set 2 M Fe mdiff SE 78% Cl

TYPE*SET 145 024 0.06 Set1 14129.05 17121.79 -2992.73  2062.91 159 -5587.97  -397.50
Set 2 7307.50 11843.13 -4535.63  1230.58 001 -6083.75 -2987.51
TRD 14129.05  7307.50 6821.55 81238 001 5799.54  7843.56
EQI 17121.79  11843.13 5278.65 1270.25 001 -3680.62 6876.68

TYPE*SEX 3,57 0.07 0.13 TRD 1411559 732096  6794.62 1998.54 002 428037 9308.88
EQI 14906.57 14058.35 848.20 3842.65 827 -398599 568243
M 1141559  14906.57 -790.98 2183.22 720 -3537.56  1955.59
FE 7320.96  14058.35 -6737.38  2265.63 006 -9587.64 -3887.13

SET*SEX 058 045 0.02 Set1 17861.44 1338939  4472.04 3305.22 188 31393  8630.15
Set 2 11160.72 798992  3170.81 2083.07 147 550.22  5791.39
M 17861.44  11160.72 6700.72  1183.00 001 521245 8188.99
FE 13389.40  7989.92 539948 1227.66 001 3855.04 6943.93
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C.

ANOVAS Contrasts

iEMG% F p np? TRD EQI Set 1 Set 2 M Fe mdiff SE p 78% Cl

TYPE*SET 835 .008 025 Set1 1372.44  3929.94 -2557.51  269.13 <.001 -2896.08 -2218.93
Set 2 751.59 2853.36 -2101.79 23273 <.001 -239457 -1809.00
TRD 1372.44 75157 620.87 5199 <.001 555.46 686.27
EQI 3929.94 2853.36 1076.58 175.64 <.001 855.62 1297.54

TYPE*SEX 185 .18 0.07 TRD 991.54 113247  -140.93 113.93 228 -284.25 2.39
EQI 2996.64 3786.60  -790.03 504.53 130 142475 -155.30
M 991.54 2996.64 -2005.10 33155 <.001 -2422.21 -1587.99
FE 1132.47 3786.66 -2654.19  344.07 <.001 -3087.05 -2221.34

SET*SEX 2464 129 0.090 Set1 2337.81 296456  -626.75 326.84 067 -103793  -215.57
Set 2 1650.36  1954.56 304.20 260.12 253 -631.45 23.04
M 2337.81 1650.36 687.45 14259 <.001 508.07 866.83
FE 2964.56 1954.56 1010.00 147.97 <.001 823.85 1196.15
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d.

ANOVAS Contrasts

CoA D n?p TRD EQI Set 1 Set 2 M Fe mdiff SE D 78% Cl

TYPE*SET 0.15 701 0.01 Set1 1.19 1.23 -0.04 0.06 501 -0.12 0.04
Set 2 1.17 1.22 -0.06 0.07 406 -0.14 0.03
TRD 1.19 1.17 0.02 0.03 .562 -0.02 0.06
EQI 1.23 1.22 0.00 0.04 .969 -0.05 0.05

TYPE*SEX 477 .039 0.16 TRD 1.25 1.10 0.15 0.08 .075 0.05 0.25
EQI 1.17 1.28 -0.12 0.12 .338 -0.27 0.03
M 1.25 1.17 0.08 0.08 332 -0.02 0.19
FE 1.10 1.28 -0.18 0.09 .048 -0.29 -0.07

SET*SEX 1.15 294 0.04 Set1 1.23 1.18 0.05 0.07 .541 -0.05 0.14
Set 2 1.19 1.20 -0.02 0.10 .870 -0.14 0.11
M 1.23 1.19 0.04 0.04 322 -0.01 0.09
FE 1.18 1.20 -0.02 0.04 611 -0.07 0.03
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Appendix A
Supplementary Table 3

ANOVA Table - Three-Way Interactions

ANOVAs

Type*Set*Sex df Type IlI'SS Ne?

Time Under Tension 1 25 1362.94 4.28 .049 0.15
LEpeak 1 25 85513.53 6.56 017 0.21
iIEMGabs 1 25 7513245412 6.79 015 0.21
iIEMG% 1 25 724314.41 4.32 048 0.15
CoA 1 25 0.02 1.98 172 0.07
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