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Abstract

Background Children have been hypothesized to utilize higher-threshold (type-II) motor units (MUs) to a lesser extent than
adults. Two recent studies, using a cycling-based EMG-threshold (EMGy;,) protocol, supported the hypothesis, showing chil-
dren’s EM Gy, intensities to be higher than adults’. Conclusions, however, were hampered by children’s low EMGy,, detection
rates. Insufficiently high contractile forces at exhaustion were postulated as the reason for non-detection, predominantly in
children. An intermittent isometric contraction test (IICT) protocol facilitates higher contractile forces prior to exhaustion
and was shown effective in EM Gy, testing of adults.

Purpose Determine whether an IICT protocol would enhance EM Gy, detection in children, and consequently increase the
magnitude of the previously observed child—adult EMGy,, differences.

Methods 18 boys and 21 men completed one-repetition-maximum (1RM) isometric knee-extension test. The IICT proto-
col followed, commencing at 25%1RM and comprising five isometric contractions per load, incremented by ~3%1RM to
exhaustion. Vastus lateralis surface EMG was recorded and EMGy,, expressed as %1RM, was defined as the onset of the
EMG-response’s steeper segment.

Results EMGy;, was detected in 88.9% of boys and 95.2% of men, and occurred at higher relative intensities in boys
(56.4+£9.2%1RM) than in men (46.0 +£6.8%1RM). This 10.4% difference was 57% greater than the corresponding, previ-
ously reported cycling-based age-related difference.

Conclusions With the boys’ detection rate nearly on par with the men’s, the IICT protocol appears to overcome much of
the intensity limitation of cycling-based protocols and provide a more sensitive EMGr,, detection tool, thus extending the
previously observed boys—men difference. This difference adds supports to the notion of children’s more limited type-1I
MU recruitment capacity.

Keywords Child - Exercise - Fatigue - Force - Electromyography - Maturation - Muscle - Neuromotor - Torque

Abbreviations EMGgys  Root mean square of each contraction’s EMG

EMG Electromyography signal
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LBM Lean body mass
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Introduction

Children have been shown to activate a smaller fraction
of their motor-unit pool, compared with adults, during
maximal volitional contractions (O’Brien et al. 2010), i.e.,
children have a greater activation deficit during maximal
contractions. Based on Henneman’s size principle (Henne-
man et al. 1965) and glycogen depletion studies (Voll-
estad and Blom 1985; Vollestad et al. 1984), it has been
suggested that this activation deficit is due to children’s
lower recruitment capacity of the higher-threshold, type-
IT motor units (MUs) (Dotan et al. 2012). This proposed
age- or maturation-related difference in MU activation has
been argued to be the common factor underlying numer-
ous well-known child—adult differences in muscle perfor-
mance, such as in maximal strength and power (Asai and
Aoki 1996; De Ste Croix et al. 1999), muscle substrate
metabolism (Riddell et al. 2008), muscle oxygen-uptake
kinetics (Fawkner and Armstrong 2004), as well as mus-
cular endurance (Armatas et al. 2010; Ratel et al. 2015;
Zafeiridis et al. 2005) or rate of recovery (Falk and Dotan
2006; Hebestreit et al. 1993). Moreover, the differential
MU activation pattern may be important in gaining insight
into neuromotor development and can possibly have impli-
cations for youth physical training and therapy guidelines.

Investigating MU activation patterns is highly chal-
lenging, whether invasively or non-invasively. The
assessment of the electromyographic threshold (EMGr,)
employs surface EMG to non-invasively determine what
many researchers of this topic consider to be the onset of
accelerated recruitment of high-threshold MUs (Chwal-
binska-Moneta et al. 1998; Hug et al. 2003; Maestu et al.
2006; Miyashita and Kanehisa 1980; Moritani and deVries
1978). It has been studied extensively in adults, mainly in
cycling ergometry (Camic et al. 2010, 2011; Candotti et al.
2008; Hug et al. 2003, 2004, 2006b; Jurimae et al. 2007,
Lucia et al. 1999; Maestu et al. 2006; Moritani et al. 1993;
Taylor and Bronks 1996). Importantly, the EMGyy, is inde-
pendent of absolute torque or power, relative muscle size,
fiber size, or EMG amplitude. The EMGy, is expressed as
the relative (%max) exercise intensity where a change in
the EMG slope (threshold) occurs and can thus be directly
compared between groups of varying sizes and perfor-
mance levels, such as children and adults.

In two recent studies using progressive cycling, EMGryy,
tended to occur later in children than in adults (at ~6%
higher exercise intensity) (Long et al. 2017; Pitt et al.
2015). Based on the above assumption (EMGry, reflecting
the onset of accelerated recruitment of type-II MUs), chil-
dren’s higher EM Gy, is taken to reflect their lower recruit-
ment capacity of type-II MUs. However, children’s EMGry,
detection rates were 17—23% lower than those of their
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adult counterparts and child—adult EMGy, differences
were shown statistically significant only when un-detected
thresholds were assumed to have occurred at exhaustion.
This was based on the assumption that children in whom
the EMGry, could not be detected, reached exhaustion prior
to attaining sufficiently high contractile intensity for the
EMGg, to be manifested. This assumption stems from ear-
lier findings in adults, showing that exhaustion in progres-
sive cycling tasks may take place when the force applied to
the pedals is only ~50% of the maximal volitional contrac-
tile force (MVC) for the given pedalling cadence (Greig
et al. 1985; Sargeant et al. 1981). Thus, if an EMGy,, was
to occur at higher contractile intensities, e.g., 55% MVC,
it would not be detectable in the cycling test. Children are
known to have lower size-normalized maximal strength/
force (De Ste Croix et al. 1999; Falk et al. 2009), higher
muscle endurance (Armatas et al. 2010; Ratel et al. 2015;
Zafeiridis et al. 2005), and their EMGy,, appears to occur
at higher relative intensities (Long et al. 2017; Pitt et al.
2015). It could thus be expected that children would
require higher relative exercise intensities for their EMGry,
to manifest itself and that exercise tasks, in which exhaus-
tion sets in before sufficiently high local muscular force
is reached (e.g., cycling), would result in lower EMGry,
manifestation, i.e., lower detection rates.

De Ruiter et al. recently reported a progressive isometric
knee-extension protocol that successfully detected EMGr,
in adults (De Ruiter et al. 2016). Using that protocol, partici-
pants were able to reach ~67% MVC, suggesting that such
an approach could facilitate EMGyy, detection in individuals,
such as children, whose higher EMGry, could not be detected
in a cycling-based test.

The additional detection, presumably afforded by the
higher contractile forces attainable in an isometric protocol,
can be presumed to consist of children of higher end (higher
intensity) thresholds that could not be detected by the
cycling-based protocol. Consequently, the children’s mean
EMGv,, can be expected to increase relative to adults. Thus,
the aim of the present study was to examine whether the use
of an intermittent, isometric contraction test protocol (IICT)
would bring children’s EMGy,, detection rate on par with
that of adults and whether children’s extra-detection would
expand the previously observed, cycling-based, child—adult
EMGy,, difference.

Methods
Participants
Twenty-two boys and 22 men volunteered for the study.

Three of the boys were eliminated from analysis due to poor
compliance with the IICT protocol. One boy and one man
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Table 1 Participant characteristics. Values are means + 1SD

Men Boys
n 21 18
Age (years) 23.6+2.6 10.2+ 1.0%*
Body mass (kg) 78.0+10.9 34.4+7.5%*
Height (cm) 178.2+7.1 143.7+7.8%*
%Fat 16.7+5.8 10.4+7.4*
Pubertal stage (1,2,3,4,5) - 6,11,0,0,0*
Maturity offset (years) - —-3.0+0.7
Activity score 66.0+45.7 127.7+50.0%*
Sport training (h week ™) 74+4.5 7.0+5.6

Significance of group differences: *p <0.01; **p <0.001

%As determined by secondary sex characteristics (Tanner 1962);
n=17 (pubertal stage unavailable for one boy)

were eliminated due to corruption of the EMG data files.
Participant characteristics are presented in Table 1. The boys
participated in more leisure activities, but both groups had
similar structured sports and physical training (17 of the
boys were soccer players and most of the men engaged in
general fitness and resistance exercise training).

The study was cleared by Brock University’s Research
Ethics Board. A thorough explanation of the study’s pur-
pose, measurement procedures, benefits and potential risks
or discomforts were provided to all participants and the chil-
dren’s parents/guardians. All signed an informed consent
form prior to testing.

Experimental procedure

All tests and procedures were completed at the Applied
Physiology Laboratory at Brock University. Following an
explanation of all procedures, anthropometric measure-
ments (height, weight, body composition) were completed
(see “Measurements”, below). Training history and puber-
tal stage (children only) were also determined. Participants
were then seated onto the dynamometer (see below) in a
standardized position (hip at 90°, knee at 125-130°), with
a strap tightened across the hips and two across the chest,
in ‘X’ fashion, to minimize unwanted movements. All tests
were conducted on the right leg. The participants performed
a warm-up consisting of repeated sub-maximal knee-exten-
sions (i.e., 4 sets of 10, 8, 5 and 3 repetitions, with increasing
weights), followed by a one-repetition maximum test (1RM;
see below). Following a rest period, the participants were
familiarized and habituated to the IICT protocol, by per-
forming several sub-maximal stages (see below). Following
10—15 min rest, participants performed the IICT protocol
until volitional exhaustion, or failure to lift the applied load.
The 1RM test was repeated on a subsequent visit to the labo-
ratory, 2—14 days later.

Dynamometer

While common dynamometers (e.g., Biodex, Cybex) have
an isometric option at any desired joint angle, they cannot
control the applied torque, which, therefore, depends on
the participant and can fluctuate considerably. To address
this problem, a custom dynamometer was built in which a
knee-extension lever was connected via a pulley system to a
weight rack. Single weights or combinations thereof could
be added or removed to produce discrete torque settings. The
dynamometer’s torque output was calibrated between 16 and
183 Nm against known weights to determine its weight-to-
torque conversion factor. The correlation coefficient through
that range was 0.999. This dynamometer was used for both
the 1IRM and EMGyy, tests.

Measurements

Anthropometric measures included standing and sitting
(children only) height to the nearest 0.1 cm (Ellard Instru-
mentation Ltd. Stadiometer), body mass and fat percentage
measured to the nearest 0.1 kg and 0.1%, respectively, by
a bioelectrical impedance analysis apparatus (InBody 520,
Biospace CO., Ltd., S. Korea). Participants were hydrated
upon arrival to the laboratory and asked to void their bladder
prior to measurements. Pubertal status was self-assessed by
the boys, based on secondary sex characteristics (i.e., pubic
hair) as outlined by Tanner (1962).

Habitual physical activity was assessed using the
Godin—Shephard Leisure-Time Exercise Questionnaire
(Godin and Shephard 1985). Current and past history of
sports training was determined by a questionnaire.

Exercise protocols

The 1RM was determined, in 2—8 trials with ~ 1-min rest
intervals, as the highest knee-extension torque a participant
could produce once. The 1RM was used to determine the
starting load (~25% 1RM) and loading progression (~3%
1RM) for the IICT protocol. The highest IRM value of
the two visits was used as the reference for the EMGyy, test
loads, as well as the EMGy, value (as %1RM).

The IICT protocol comprised repetitive isometric con-
tractions at 125-130° knee-extension. Starting at 25% 1RM
participants performed five 5-s isometric contractions inter-
spersed by 3-s recovery intervals. A 30-s rest followed the
last contraction of each set before the next load increment
(~3%1RM) was applied for the subsequent set. The test was
terminated upon volitional exhaustion after the participants
received verbal encouragements to continue as long as pos-
sible. Since loading was attained by discrete weights, the
smallest of which were 0.25 1b (113 g), some of the small-
est/weakest boys load increments had to be set closer to 4%
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to avoid excessively long tests to exhaustion due to the use
of the next smaller increments. For this reason, the mean
load incrementation was 2.98 +0.25% 1RM for the men, but
3.25+0.41%1RM for the boys (p < 0.05).

Data acquisition

Muscle activation was recorded using surface EMG dou-
ble-differential tripolar electrodes (Delsys Inc., Boston,
MA, USA). The 20 X 30 mm rectangular electrode casing
comprised three Ag/Ag contact bars, 10 mm apart. The
electrode was placed according to SENIAM guidelines,
specifically, at 2/3 the distance between the superior border
of the patella and the anterior superior spina iliaca. A refer-
ence electrode was placed over the 7th cervical vertebra.
EMG data were sampled and recorded at 1000 Hz, using
a computer-based oscillograph and data acquisition system
(EMGworks Acquisition, Delsys Inc., Boston, MA, USA)
and band-pass filtered at 20—450 Hz, using the Bagnoli-4
bioamplifier (Delsys Inc., Boston, MA, USA). The electrode
skin site (vastus lateralis) was shaved if necessary and thor-
oughly cleaned with alcohol and NuPrep skin preparation
gel (Weaver and Company, CO, USA). The muscle- and
reference-electrodes were placed according to SENIAM
guidelines for the vastus lateralis.

An electro-goniometer (S700/S720 Joint Angle SHAPE
SENSOR, Measurand Inc., Fredericton, NB, Canada) was
attached to the dynamometer across the lever’s pivot axis. It
was verified by a mechanical goniometer and used to con-
tinually record knee angle and changes thereof. Those were
used for EMG data reduction (see below).

Data reduction and EMG-threshold determination

Data reduction was carried out separately for each partici-
pant, using MATLAB v.2017a. The function ‘Peakfinder’
(Yoder 2011) was applied to the goniometer position data
to identify the start of each isometric contraction. The root
mean square (RMS) of each contraction’s EMG signal
(EMGgys) Was then calculated over a 2-s window where
knee position was the most stable (based on the goniometer
data).

Five EMGygyg values were calculated for each load
(Fig. 1a) and then averaged (EMGgys5). An EMGgyg point
was eliminated from analysis if it exceeded +3SD from the
mean of the other four values, in which case the EMGgyg5
would comprise only 4 contractions. This was necessary in
only ~0.8 and 0.2% of all contractions, for the boys and men,
respectively. The 5 or 4 points were then averaged to produce
a single value per load (EMGgys5) (Fig. 1b). The point of
the bi-segmental least sum of squares (LSS) was determined,
using Prism GraphPad software (Ver.7; GraphPad Software,
San Diego, CA, USA) (Fig. 1b). Using the bi-segmental
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model, previously employed by others (Hug et al. 2006a;
Lucia et al. 1999), the EMGy,, was then calculated as the
exercise intensity (%1RM) at the intersection of the two
resulting regression lines (Fig. 1c), as follows. The bi-
segmental regressions were plotted separately in Microsoft
Excel for EMGyy;, determination and defined as the intersec-
tion of the two regression lines. If necessary, the following
was performed ahead of the final EMGy,, determination: (1)
An EMGgys5 point, at or next to the LSS, was moved from
one regression line to the other, if that improved the overall
fit of the data points to the bi-segmental model; (2) Outlying
data points were removed from analysis if one, two, or three
points deviated > +2SD, > +3SD, or > +4SD, respectively,
from the regression line of the remaining regression points.
The procedure was performed only for refining EMGry,
determination. When this step was necessary, the EMGry,
was re-calculated from the regression lines determined from
the remaining points. The resulting final EMGy,, was never
allowed to deviate more than + 1 load (~ +3%) from the ini-
tial LSS-determined EMGyy,.

Since there is always a mathematical LSS point in any
bi-segmental regression analysis of real-life data, the cri-
terion for accepting an EMGyy, was that at least one point
of the second (steeper) regression had to extend above the
extrapolated +3SD line of the first regression.

Statistical analysis

All statistical analysis was performed using SPSS v.23. Data
are presented as means = 1SD. All group data were normally
distributed. An independent 7 test was used to assess group
differences in physical characteristics, and EMGryy,. Chi
squared statistics were used to compare the detection rates
of EMGy,, between the cycling protocol, as reported by Pitt
et al. (2015) and the IICT protocol. The acceptance level for
statistical significance for all tests was set at p <0.05.

Results

Figure 2 illustrates representative EMGy,, determinations in
a man and a boy. The study’s results are presented in Table 2
and Fig. 3. EMGy,, could not be detected in 2 of the 18 boys
and 1 of the 21 men. The boys’ detection rate (88.9%) was
13.5% higher than previously reported for a cycling-based
protocol (78.3%; Pitt et al. 2015) [(88.9-78.3)/78.3 x 100],
although this difference was not statistically significant
(O?(chi squared) =0.783). The mean EMGy,, was signifi-
cantly higher in boys than in men (Fig. 3). The boys com-
pleted, on average, more stages than the men, but due to their
slightly larger load increments, this difference did not reach
statistical significance. Nevertheless, upon exhaustion at the
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end the EMGryy, test, the boys’ fractional load (%1RM) was
significantly higher than the men’s (Table 2).

Discussion

The main finding of the current study is that, using
IICT, the boys—men EMGy, difference was markedly
higher (A =10.4%, p<0.001, ES =1.30) than the previ-
ously observed cycling-based difference (Pitt et al. 2015;
A=6.6%, p<0.060, ES=0.68). Given that the boys’ mean
torque at exhaustion was 76.8%1RM, this finding can pre-
sumably be ascribed to the higher attained contractile
forces in the current protocol, compared with cycling. The
high contractile forces at exhaustion can facilitate detec-
tion of higher thresholds that would be undetectable by a
cycling-based test protocol. This was manifested by the
13.5% (88.9 vs. 78.3) greater detection rate than that previ-
ously attained using the cycling protocol (Pitt et al. 2015).
It is noteworthy that the men’s detection rate was identical

50 60 70 80
%I1RM

segmental least sum of squares; ¢ EMGyy,, determination as the inter-
section of the two bi-segmental regressions

in the IICT and the cycling protocol, namely 95.2%. These
findings suggest the IICT protocol to be more sensitive
and effective in testing for EMGy, or MU recruitment,
particularly in children. The boys” EMGy, was shown to
be higher than that of adults, lending further support to the
notion that children are less capable of high-threshold MU
recruitment than adults.

Extending our previous cycling studies (Long et al. 2017;
Pitt et al. 2015), the boys demonstrated higher mean EMGyy,
values than men, which serves as further support for our
hypothesis that children are less able than adults to activate
their higher-threshold/type-II MUs (Dotan et al. 2012). It
may be worth emphasizing that our observed EMGy,, val-
ues were not affected by the large child—adult differences
in 1RM or peak torque since they are expressed as percent-
ages thereof. Thus, the 57% higher observed boys—men
EMGy, difference, compared with 6.6% in the cycling study
(Pitt et al. 2015), supports our assumption that the higher
observed age-related difference is due to the isometric pro-
tocol facilitating higher contractile forces at exhaustion, thus

@ Springer
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Table 2 Test performance. Values are means + 1SD

Men Boys
EMG;, detection Rate (%) 95.2 88.9
IRM, absolute (Nm) 323.1+44.6  110.04£23.8%***

1RM, LBM-relative (Nm kg™')*  4.89+0.61 3.61 £0.57%***
Load progressions (% 1RM) 2.95+0.22 3.25+0.41*
Completed stages (number) 15.8+3.3 1724253
Load at exhaustion (% 1RM) 65.8+9.1 76.8 £ 8.5%***

Significance of group differences: *p<0.05; **p < 0.01; ***p <
0.0053; ***¥+p < 0.001

*Lean body mass

allowing the detection of higher thresholds, which are more
typical of children than adults.

Indeed, considering the different percentage ranges
in the two determination protocols, the relative boys—
men EMGy, difference is even larger in the currently
described IICT protocol: 22.6% in the IICT protocol
[(56.4—46.0)/46.0 x 100], but only 8.3% in the cycling pro-
tocol [(86.4—79.7)/79.7 x 100]. This further highlights the
IICT protocol’s higher sensitivity than that of the cycling-
based protocol for detecting and differentiating EMGry,
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particularly in pediatric populations. It is noteworthy that
our participant samples included two apparent outliers (a
man with 3.7 SD higher EMGyy, and a boy 5.8 SD heavier
who had the lowest EM Gy, value, relative to their respective
peers). Without them, the absolute boys—men EMGr,, differ-
ence would have been 12.3%1RM and a relative difference
27.3% (p <0.0001).

The EMGy,, detection rates, previously observed in our
cycling EMGy,, studies (Long et al. 2017; Pitt et al. 2015),
were 17—23% lower in boys and girls, respectively, com-
pared with their adult counterparts. These differences sug-
gested that an obstacle to EMGy,, detection specifically
affected children. While the men maintained the same 95.2%
(20/21) detection rate as in our corresponding cycling study
(Long et al. 2017; Pitt et al. 2015), the corresponding boys’
rate rose from 78.3 to 88.9% in the present study. Despite
our relatively large group sizes (Men’s=21, Boys=18), we
did not have the power to establish a statistically significant
difference between the two detection rates (sample sizes
would have to be more than quadrupled). Nevertheless, we
consider this 57% (10.4 vs. 6.6%) detection rate difference
both physiologically and practically significant.

Only few studies, other than ours, reported EMGy;, detec-
tion rates, and only in men. Two studies reported 100%
detection, but only with 6—8 participants (Hug et al. 2003,
2006b). With 15 participants, de Ruiter et al. (De Ruiter
et al. 2016) reported 93.3% detection, also in an isometric
protocol. Only Jiirimée et al. reported detection rates in a
large study (n=49), which reached 98% in the vastus later-
alis and lower rates in other muscles (Jurimae et al. 2007).
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Thus, it appears that, although under-reported, a level of
EMGv,;, undetectability is part and parcel of current EMGr,
determination techniques. The reason for this is unknown,
but the phenomenon may possibly be due to the inherently
high variability of EMG activity.

We cannot dismiss a possible existence of an additional
factor that still handicaps boys” EMGyy, detection compared
with the men’s. However, as some level of undetectability
has been reported in most previous studies of adults, we
suggest that a difference of a single detection [the failed-
detection difference between our men (1/21) and boys
(2/18)] could be considered immaterial. That is, we suggest
that the men’s and boys’ detection rates should be viewed
as qualitatively similar and that the main obstacle to EMGry,
detection was largely or fully eliminated. The fact that the
IICT protocol facilitated the attainment of 76% of the boys’
1RM prior to exhaustion, supports our position that insuf-
ficient contractile intensity was the main obstacle to EMGry,
detection in the cycling protocol, where contraction inten-
sity at exhaustion has been shown to be closer to 50% of
maximal force (Greig et al. 1985; Sargeant et al. 1981). The
fact that the elevated contractile intensity affected only the
boys’ detection rate is congruent with the observation that 4
boys exceeded EMGr,, of 65%1RM, while among the men,
one reached 64.6%1RM, while the rest were no higher than
54.0%1RM.

The boys’” LBM-corrected 1RM was only 73.8% that of
the men (Table 2), which can be partly explained by chil-
dren’s ~ 12% lower relative muscle mass (Malina 1969)
and boys’ ~ 11% greater activation deficit relative to men
(O’Brien et al. 2010). However, low maximal force in and of
itself cannot explain the necessity of higher relative contrac-
tile intensities for EMGr;, detection. According to the known
MU recruitment hierarchy and the Henneman size principle
(Henneman et al. 1965), activation deficit consists mostly of
higher-threshold/type-II MUs. This supports the contention
that children’s functional type-II MU pool is smaller than
that of adults, and suggests that children require higher rela-
tive intensities to reach their more limited type-II MU pool
and demonstrate an EMGry,.

On average, the boys completed 2.1 more stages in the
EMGy,, test and reached 16.7% higher relative intensity at
exhaustion, compared with the men (Table 2). These find-
ings are congruent with the boys’ higher EMGyy;, as well
as with children’s previously observed higher relative mus-
cle endurance (Hatzikotoulas et al. 2014), also reflected by
higher lactate- and ventilatory-thresholds (Klentrou et al.
2006; Simon et al. 1981; Tanaka and Shindo 1985), com-
pared with men. These findings, along with the boys’ lower
LBM-normalized 1RM, reinforce the observations that chil-
dren cannot utilize their total MU pool to the same extent as
adults (Asmussen and Heeboll-Nielsen 1955; O’Brien et al.

2010). The combination of the boys’ lower relative force,
but higher EMGy,,, suggests that the ‘inaccessible’ portion
of their MU pool is predominantly made up of higher-thresh-
old, type-II MUs.

The apparent greater sensitivity of our isometric-based
protocol for the detection of the EMGy,, may be important
not only when testing children, or comparing children to
adults, but possibly also in the elderly and in various clini-
cal populations with any form of muscular impairment that
might prevent them from attaining sufficiently high intensity
in cycling-based testing. Moreover, IICT’s higher sensitivity,
as manifested by the 57% greater boys—men EM Gy, differ-
ence (relative to cycling), also suggests that the observed
10.4% higher EMGyy, in the boys is a better representation
of the boys—men true physiological difference.

Limitations and future research

In the present study, we showed 13.5% higher detection rate
among the boys, using the IICT protocol, compared with
boys in our previous, cycling-based study. However, since
these were two separate samples, a more robust comparison
should test both the cycling-based and IICT protocols on the
same participants. Further insight into the factors determin-
ing the manifestation and magnitude of the EMGyy, could
be gained by examining the same individuals in different
exercise modalities or muscle groups.

While considerable amount of time and work was
invested in the development and pilot testing of the IICT
protocol, it is not necessarily the optimal protocol. Further
experimentation with factors such as contraction types,
number of contractions per load, recovery intervals, or load
incrementation, could possibly result in a more sensitive test
protocol and could shed more light on the relative contribu-
tion of fatigue or other factors, to the EMGyy, and possibly,
higher-threshold MU recruitment, as well. Additionally,
future intervention studies are needed to examine the effect
of training on the EMGyy,.

Conclusions

Facilitating the attainment of higher contractile intensi-
ties prior to exhaustion, the isometric contraction protocol
appears to have resulted in detecting the higher intensity,
otherwise undetectable thresholds, amongst the boys. The
boys’ increased EMGy,, detection rate, associated with a
greater boys—men EMGy,, difference relative to that previ-
ously derived by a cycling-based protocol, suggests that the
IICT is a more sensitive tool for determining EMGyy, in pedi-
atric populations. For the same reasons, this also suggests
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that the larger, IICT-based boys—men EMGry,, difference is
more representative of the true biological difference.
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