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Abstract

Purpose To compare maximal and rapid force characteristics, as well as fatigability, between traditional (TRT) and explosive
(ERT) resistance-trained men.

Methods Fourteen TRT (mean age =25 years) and twelve ERT (mean age =22 years) men performed rapid maximal con-
tractions followed by an isokinetic fatigue protocol consisting of 50 maximal knee extension (KE) and flexions (KF) at a
moderate speed (180° s™!). Baseline measures included: isokinetic peak torque (PT), isometric rate of torque development
(RTD,_s(), peak acceleration (ACC,,,,), and peak velocity (V,,,,). Changes in torque with fatigue were used to calculate a
fatigue index (F1%).

Results The ERT group (M +SD; 1199.05 +404.12) displayed a significantly higher isometric RTD,, s, (p =0.049) during
KE than the TRT group (931.73 +244.75). No other significant differences in the dependent variables (PT, F1%, ACC
Vimaxs all p>0.05) were observed between groups (TRT vs. ERT) for either of the muscle groups (KE and KF).
Conclusions The results of the present study indicated that only knee extension RTD was able to discriminate between the
two groups. These findings suggest that rapid force production may be more sensitive at distinguishing training-specific
muscular adaptations than peak acceleration or velocity.
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Abbreviations TRT Traditional resistance-trained

ACC,,, Peak acceleration Vinax Maximal unloaded velocity

ERT Explosive resistance-trained

F1% Fatigue index

KE Knee extensors Introduction

KF Knee flexors

MVC Maximal voluntary contraction Resistance training has been shown to elicit several essential
PT Peak torque benefits related to human performance, including, but not
ROM Range of motion limited to, muscular hypertrophy, increased strength, power,
RTD Rate of torque development and speed (Hooper et al. 2013). Manipulation of resistance-

training programming characteristics (i.e., number of sets,
repetitions, movement velocity, length of rest periods, and
external load) has been shown to produce differential adap-
tive responses in skeletal muscle specific to the various acute
54 Jason M. DeFreitas and chronic stressors (Campos et al. 2002; Jones and Ruther-
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chester et al. 2008). These responses have been shown to be
influenced by the structure and implementation of resistance
activity, as well as the training status (i.e., beginner, interme-
diate, or advanced) of the individuals involved (Abernethy
et al. 1994).
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Although resistance training can serve many purposes,
it is suggested that the specificity principle may allow for
optimal performance. This principle recommends that the
exercise prescription should be designed to be similar to the
athletic movements that would be performed by the indi-
vidual (Hansen 1961, 1963; Murray et al. 2007; Pereira and
Gomes 2003; Rasch and Morehouse 1957). Recent exami-
nations showed that the greatest gains in force and power
production are seen at movement velocities comparable
to that of training (Murray et al. 2007; Pereira and Gomes
2003). This is further demonstrated by Behm (1995), who
revealed, to maintain high-velocity-specific adaptations in
a power training program, the speed of contraction must
be high/fast (>240° s~ b (Murray et al. 2007; Pereira and
Gomes 2003). While exercise prescription can have direct
effects on performance, studies with younger adults have
shown differential responses with the development of
muscle power and rapid force generation when comparing
explosive (ERT) versus heavy-resistance training (Caserotti
et al. 2008; Newton et al. 1999). For example, Newton et al.
(1999) found significant increases in vertical jump ability
when performing explosive based movements compared to
traditional resistance training (TRT). Although power has
been shown to increase with TRT (Channell and Barfield
2008; Jozsi et al. 1999), the specificity of ERT may have a
greater influence on the ability to apply force rapidly. For
example, TRT tends to focus on higher intensities at lower
speeds (Channell and Barfield 2008), whereas ERT can be
defined as movements (e.g., snatch, hang clean, power clean,
and push jerk) in which maximum or near maximum rates of
force development are attained (Stone and O’Bryant 1987).

Previous authors have attempted to understand specific
training adaptations related to increases in strength and
power production (Fielding et al. 2002; Judge et al. 2003).
For example, Fielding et al. (2002) found that a ERT pro-
gram significantly improved peak power, and was equally
efficient at increasing muscle strength compared to TRT.
In addition to prior training studies, previous authors have
assessed neuromuscular differences between individuals
with different training backgrounds (Héakkinen and Keski-
nen 1989; Lattier et al. 2003). Recently, a trend in ERT has
incorporated workouts consisting of power movements in
combination with other varied functional movements per-
formed at high intensity or to failure (Bergeron et al. 2011;
Hak et al. 2013; Smith et al. 2013). Smith et al. (2013)
labeled this type of training as high-intensity power training
which focused on sustained power output and use of multi-
ple joint movements without a prescribed rest period. While
previous literature suggests specific muscular adaptations
occur following resistance-training interventions such as
increased maximal force (Newton et al. 2002), power (Mur-
ray et al. 2007; Newton et al. 2002), hypertrophy (McCaul-
ley et al. 2009; Schuenke et al. 2012), increases in Type II
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fibers (Schuenke et al. 2012), and initial training statuses
(sedentary vs. trained) (Alway et al. 1988; Newton et al.
2008), it may be informative to assess specific rapid force
characteristics and fatigue-induced responses of maximal
strength between different resistance-trained groups to fur-
ther elucidate these muscular adaptations related to specific-
ity of training.

Due to the training specificity and the aforementioned
observed training adaptations of TRT and ERT, it may be
of interest to examine the potential differences in fatigue-
induced responses to performance measures, (e.g., maximal
strength), between two resistance-trained groups. Specifi-
cally, fatigue has been defined as any reduction in the force-
producing capacity of a muscle during a maximal volun-
tary contraction (Gandevia 1992), as well as an inability to
maintain a given maximal strength level when performing
repeated maximal contractions (Mathiassen 1989). This
reduction in force-producing capacity may lead to deficits
in subsequent muscular performance, thus hindering physi-
cal ability post-exercise.

Although a majority of muscle fatigue literature is based
upon the use of intermittent and/or sustained isometric con-
tractions (Bilodeau et al. 2001; Conchola et al. 2015, 2013;
Corcos et al. 2002; Pidsuke et al. 1999), the nature of most
motor tasks in athletic and voluntary physical activities may
lend itself, rather, to the assessment of dynamic muscle con-
tractions (Izquierdo et al. 2009; Wadden et al. 2012). Thus,
the ability to identify significant differences in strength and
rapid force characteristics between two dissimilarly trained
groups following a dynamic fatigue protocol, may lead to
further understanding of specific acquired adaptations to
training. Therefore, the purpose of this study was to com-
pare the rapid force characteristics and dynamic fatigability
between ERT and TRT resistance-trained men. We hypoth-
esized that the ERT group would display greater absolute
rapid force characteristics and fatigue resistance, but lower
strength when compared to the TRT group.

Methods
Participants

Fourteen traditional-resistance-trained (TRT) (mean + SD:
age =24.79 +3.12 years, height=179.86 +6.25 cm,
mass =94.29 + 14.15 kg) and twelve explosive resistance-
trained (ERT) (mean+ SD: age=21.83 +1.90 years,
height=176.74 £ 5.88 cm, mass =85.47 + 11.57 kg)
males volunteered to participate in this study. All partici-
pants reported being consistently engaged in a structured
TRT (mean + SD: 6.26 +3.31 years) or ERT (mean + SD:
4.92 +2.80 years) resistance-training program for a mini-
mum of 6 months, >3 times per week, prior to the study.
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Participants who reported their workouts as a combination
of strength (< 6 repetitions at >85% 1RM) and hypertrophy
(6-12 repetitions at 67-85% 1RM) movements (i.e., back
squat, bench press, deadlift, bent over row, and shoulder
press) were identified as TRT. Participants who reported
workouts consisting of power movements (i.e., snatch, hang
clean, power clean, and push jerk) with a goal of 1-2 repeti-
tions for a single-effort (80-90% 1RM) or 3-5 repetitions
for multiple effort (75-85% 1RM) events in combination
with other varied functional movements performed at high
intensity or to failure were identified as ERT. No participants
reported current or ongoing musculoskeletal injuries of the
lower extremity within the previous 12 months prior to test-
ing. The University Institutional Review Board for human
subject’s research approved this study, and each participant
signed an informed consent document and pre-exercise
health history questionnaire before testing began.

Procedures

This was a descriptive study to investigate group differences
in strength, rate of torque development (RTD), velocity
(Vmay)»> acceleration (ACC,, ), and fatigability of the knee
flexors (KF) and extensors (KE). Each participant visited the
laboratory on 2 occasions separated by ~48-72 h. During
the first visit, participants were familiarized with isometric
and isokinetic maximal voluntary contractions (MVCs), as
well as the experimental fatigue protocol. During the second
visit, participants completed isokinetic and isometric MVCs
of the KF and KE prior to 50 isokinetic muscle actions of
both muscle groups at 180° s™! (Thorstensson and Karlsson
1976).

Isometric RTD assessments

Maximal isometric rapid strength testing was performed on
the right leg using a Biodex System 3 isokinetic dynamom-
eter (Biodex Medical Systems, Inc., Shirley, NY, USA). Par-
ticipants were seated with restraining straps over the trunk,
pelvis, and thigh, with the input axis of the dynamometer
aligned with the axis of rotation of the knee. All isometric
RTD assessments for the KE and KF were performed at knee
angles of 120° and 150°, respectively (full extension=180°).
Prior to maximal isometric rapid strength testing, partici-
pants performed a 5-min warm-up on a cycle ergometer
(Monark Exercise 828E, Vansbro, Sweden) at a self-selected
low-intensity. In addition, 3 submaximal isokinetic muscle
actions were performed at 60° s™! at approximately 75% of
their perceived maximal effort for both the KE and KF. Fol-
lowing the submaximal contractions and prior to experimen-
tal testing, each participant performed 3 isometric MVCs of
the KE and KF with 1 min of recovery between each con-
traction. The participants were verbally instructed to ‘push’

or ‘pull,” “as hard and fast as possible” for a total of 3—4 s
for all MVCs (Thompson et al. 2013).

Isokinetic velocity assessments

Similar to the aforementioned maximal isometric testing
procedures, maximal isokinetic velocity (V,,,,) testing was
performed on the right leg using the isokinetic dynamome-
ter, in isokinetic mode at 500° s~1. All isokinetic assessments
started at knee angles of 90° and ~ 180° (full extension) for
the KE and KEF, respectively. Each participant performed 3
isokinetic MVCs through ~90° of range of motion (ROM)
for the KE and KF with 1 min of recovery between each
contraction. V,_,, was used to assess the maximal shorten-
ing velocity of the muscle-limb unit in which no resistance
(with the exception of the lever arm) was provided through-
out the duration of the contraction (i.e., velocity of the
dynamometer was set above all subjects’ maximum velocity
capacities), in accordance with the procedures of Thompson
et al. (2014). The participants were verbally instructed to
‘push’ or ‘pull,” “as fast as possible”.

Experimental fatigue protocol

Five minutes following all Pre MVCs, participants per-
formed the fatigue protocol consisting of 50 continuous rep-
etitions of dynamic isokinetic contractions of the KE and KF
at 180° s™1 (medium velocity) through ~90° ROM (Thor-
stensson and Karlsson 1976). Participants were seated with
restraining straps across the trunk, pelvis, and thigh identical
to all MVC testing procedures. Additionally, participants
started the protocol with their right limb at a resting knee
angle of 90°, and their lower limb secured to the dynamom-
eter lever arm, just above the ankle. During the experimental
protocol, participants were asked to provide maximal effort
for each muscle action and to ‘push’ or ‘pull’, as hard as they
can throughout the entire protocol. Experimental testing was
terminated at the completion of all 50 maximal repetitions.
Verbal encouragement was provided to the participants dur-
ing the entire protocol.

Signal processing

Torque (N-m), rate of torque development (RTD; N m s~ b,
and angular velocity (° s™!) signals were sampled simul-
taneously at 2 kHz with a Biopac data acquisition system
(MP100WSW, Biopac Systems, Inc.; Santa Barbara, CA,
USA), stored on a personal computer (Dell Inspiron 8200,
Dell Inc., Round Rock, TX, USA), and processed off-line
with custom-written software (LabVIEW version 16.0,
National Instruments, Austin, TX, USA). The torque sig-
nal was smoothed using a 25 ms zero-shift moving aver-
age. All subsequent analyses were performed on the scaled
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and filtered torque signal. Isometric MVC PT was deter-
mined as the highest 25 ms epoch during the entire 3—4 s
MVC plateau (Conchola et al. 2013; Thompson et al. 2013).
Absolute RTD was calculated from the linear slope of the
torque—time curve (Avelocity/Atime) over the interval of
0-50 ms (RTD,_s). Isokinetic PT was attained from the
first and last few repetitions of the fatigue protocol. V..
(° s™!) was calculated as the highest velocity attained dur-
ing the unloaded MVC. Acceleration (ACC,,,,; deg-s~2)
was determined as the 10 ms that demonstrated the highest
linear slope of the velocity—time curve (Avelocity/Atime).
These procedures were used to obtain the linear portion of
the rate of rise in velocity, while simultaneously excluding
the deceleration or “rounding off” of the signal observed at
the edge of the velocity plateau. The onset of velocity was
determined as the point when the velocity signal reached a
threshold 2° s~ ! above baseline. The MVC with the highest
PT, RTDy 50, Vnax> and ACC,, . prior to the experimental
protocol were used for all analyses (Thompson et al. 2014).
Isokinetic 180° s™! FI% was calculated using initial and
final PT which consisted of the average of the three mus-
cle actions with the highest and lowest PT values during
the fatigue protocol. All fatigue indices were calculated as
“(Final—Initial)/Initial X 100” (Thorstensson and Karlsson
1976).

from the explosive (ERT) and traditional (TRT) resistance-trained
groups for each variable: isokinetic peak torque (PT; N-m), isokinetic

Table1 Mean + SD of the knee extensors (KE) and flexors (KF)

Statistical analysis

Independent samples ¢ tests were run for the KE and KF
between groups (traditional vs. explosive) for each depend-
ent variable (isokinetic PT, isokinetic F1%, isometric
RTDg 59, Vinax> and ACC_ ). Cohen’s d effect sizes and
95% confidence intervals were run for the KF and KE for
each dependent variable assessed for the TRT and ERT
groups. PASW software version 23.0 (SPSS Inc, Chicago,
IL, USA) was used for all statistical analyses. An alpha level

of p<0.05 was considered significant for all comparisons.

Results

Means and SD values for all dependent variables are
presented in Table 1, and the effect sizes are shown in
Fig. 1. The ERT group (M +SD; 1199.05 +404.12) dis-
played a significantly higher baseline (absolute) isometric
RTD_so (p =0.049) for the KE compared to the TRT group
(931.73 £244.75) (Fig. 2). No other significant differences
were observed between groups (TRT vs. ERT) for either of
the muscle groups (KE and KF) and the dependent variables
(isokinetic PT, isokinetic F1%, V., ACC .y P =0.05).

PT fatigue index (FI%), rate of torque development (RTD; N-m-s_l),
peak acceleration (ACC,,,,,, ° s~ 2), and peak velocity (V... ° s}

Muscle group Training group Isokinetic PT Isokinetic PT FI% RTD,_s, ACC, .« Vinax

KE ERT 158.47+30.76 —50.49+10.58 *1199.05 +404.12 4263.16 +£505.23 479.66 +14.73
TRT 168.40+33.40 —57.98+12.05 931.73+244.75 4319.87+681.80 477.01+26.11

KF ERT 82.07+15.36 —58.00+13.73 553.27+270.53 3376.85+541.01 475.81+27.13
TRT 88.02+15.95 —62.06+10.78 504.39+209.97 3466.26 +472.75 484.05+15.15

All values presented were recorded prior to the experimental fatigue protocol with the exception of isokinetic PT for the FI% calculation

*ERT KE RTD,,_s, significantly higher than TRT (p = 0.049)

Fig.1 Cohen’s d effect sizes
and 95% confidence inter-

vals for the knee flexors and
extensors for each dependent
variable measured between the
traditional (TRT) and explo-
sive (ERT) resistance-trained
groups. Effect sizes were calcu-
lated such that a negative value

signified that TRT had a greater ACCrax
. o Vmax
mean, while a positive value Knee R
showed that ERT had a greater Extensors TDy.50
L . FI
mean. *Significant difference PT

between groups (p <0.05)
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Fig.2 Early phase rate of torque development (RTD, s,) scores for
each individual assessed combined with the group means and stand-
ard deviations. *Significant difference between groups (p =0.049)

Discussion

The primary finding of the present study was the lack of dif-
ferences between groups despite using variables that should
be sensitive to training specificity. However, a significant dif-
ference was observed for knee extension RTD_s, in which
the ERT group had greater early RTD values compared
to the TRT group. Besides RTD_s,, no differences were
observed for any other variables between training statuses.
The lack of differences observed in our study may have been
attributed to the training status of the groups. Although there
were obvious differences in workout regiments, on average
each group had been resistance training for 4-6 years, which
could have led to an overlap in types of resistance-training
exercises and consequently similar responses to training
adaptations. Although our investigation was not a training
study, a recent study by MacDonald et al. (2012) supports
our findings. The authors compared the effects of 6 weeks
of TRT, plyometric training, and complex training on meas-
ures of strength (back squat, dead lift, and calf raise) and
observed no differences between groups. Additionally, the
assessments utilized in this study may not have been spe-
cific enough to distinguish the differences between the two
groups. The addition of more functional and/or invasive
measures may reveal further dissimilarities between the
groups training adaptations.

While early rate of force development (0—100 ms) is
important for a variety of movements (e.g., sprinting, cut-
ting, kicking, etc.), a potential reason for the present study’s
findings with knee extension RTD,,_s, could be related to
the speed and quickness that ERT lifters perform move-
ments compared to the TRT group. For example, rapid
force production determines the magnitude of acceleration
in the initial phase of a movement and ultimately affects the
velocity of the movement (Aagaard et al. 2002; Kraemer

and Newton 2000). Additionally, previous studies that have
reported increases in early RTD involved exercises that were
executed with maximal acceleration effort (i.e., RFD/RTD)
(Behm and Sale 1993; Caserotti et al. 2008; Suetta et al.
2004; Van Cutsem et al. 1998; Young and Bilby 1993). Spe-
cifically, Young and Bilby (1993) demonstrated that per-
forming resistance-training exercises with maximal accelera-
tion efforts increased RFD more than when exercises were
performed in a slow manner, despite similar loads lifted by
the two training groups. As previously mentioned, the ERT
group involves movements such as the snatch, hang clean,
and push jerk which may contribute directly to explosive
performance or strength (Caserotti et al. 2008), since these
exercises involve attaining maximum or near maximum rate
of force development to accomplish (Stone and O’Bryant
1987). Collectively, this emphasizes the importance of rapid
force characteristics in relation to ERT.

Rate of force or torque development is a variable that has
been previously assessed for TRT groups with inconsistent
results. For example, Aagaard et al. (2002) utilized a heavy-
resistance strength training intervention over 14 weeks and
reported a significant 15-20% increase in early phase RTD
(0-30, 0-50, 0-100 ms). Additionally, Thompson et al.
(2015) revealed increases for the KE and KF for early and
late phase RTD (0-50, 0-200 ms) following 10 weeks of
barbell deadlift training. In contrast, Andersen et al. (2010)
implemented training program over 14 weeks and found
that early phase RFD remained unchanged even though a
significant increase in maximal strength was observed. In
contrast, Marshall et al. (2011) reported a decrease for early
phase RFD (0-30, 0-50 ms) and RFD,, in the KE follow-
ing squat training. While TRT and early RTD has shown
dissimilar responses post intervention, studies assessing
RFD/RTD following ERT protocols appear to show a reli-
able increase (Gruber et al. 2007; Oliveira et al. 2013a, b;
Young and Bilby 1993). For example, Gruber et al. (2007)
reported a 48% increase in RFD ., following just 4 weeks
of explosive resistance training despite the MVC remaining
unchanged. Also, Young and Bilby (1993) revealed a 68.7%
increase in RFD,, in the ERT (fast) group compared to
just 23.5% in the TRT (slow) group following 7 weeks of
squat training. While the present study assessed two different
training groups (ERT and TRT), the existing findings sug-
gest that baseline RTD,, 5, of the KE was greater for the ERT
compared to TRT groups. These findings may indicate that
early phase RTD may be a more sensitive measure when dis-
tinguishing between two different resistance-trained groups
and highlights the importance of rapid torque characteristics.

As aforementioned, this investigation revealed a signifi-
cant difference for knee extension RTD, 5, in which the
ERT group had greater early RTD values compared to the
TRT group. While it is plausible that this finding could be
attributed to one’s training background (explosive based
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contractions vs. a traditional controlled movement pattern),
previous literature suggests that cross-bridge cycling rates,
muscle fiber type, and calcium kinetics (Aagaard et al. 2002;
Andersen et al. 2010; Bottinelli et al. 1996; Brody 1976;
Larsson and Moss 1993) are directly related with early RTD.
Therefore, the present findings could be directly related to
these aforementioned characteristics. Additionally, knowing
that TRT normally incorporates higher intensities at lower
speeds (Channell and Barfield 2008), whereas ERT performs
movements at maximum or near maximum rates of force
development (Stone and O’Bryant 1987), the baseline early
RTD results suggest that ERT exercise prescriptions may
provide significant differences in early RTD performance.
Nevertheless, another unique finding from the present study
was the lack of difference post fatigue between the two train-
ing groups; thus, while there was a significant difference
between groups at baseline, similar fatigue related responses
occurred immediately post-exercise. As previously stated,
this may be due to the training status of the groups. Spe-
cifically, resistance training causes a transition in myosin
heavy chain (MHC) isoforms from MHCIIb to MHCIIa
in as early as 4-12 weeks (Kraemer et al. 1995; Rapp and
Weicker 1982; Staron et al. 1994). This transition of MHC
isoforms corresponds to a shift from type IIB to type IIA fib-
ers and facilitates fiber hypertrophy, which is associated with
strength gains and increased oxidative capacity to the mus-
cle, thus improving fatigue resistance of the trained muscles
(Abernethy et al. 1994; Kraemer et al. 1996). In addition, we
had expected that any adaptation that improves RTD would
be accompanied by higher ACC and V.. Surprisingly, our
investigation did not reveal these variables to be greater
as well. While the present study did not assess any recov-
ery time besides immediately post-exercise, future studies
may wish to incorporate a variety of training backgrounds
(TRT, ERT, sedentary, endurance trained, etc.) assessment
of muscle fiber type, EMG, as well as track an acute post-
exercise recovery period to see if there are similar or dis-
similar recovery patterns between training status, further,
incorporating assessments of rapid and maximal strength
could add to the literature.

Although the present investigation used an isokinetic
dynamometer to assess PT, RTD, V., and ACC_,,, we
acknowledge that not everyone has the ability to utilize this
mode assessment. Future studies should consider comparing
these performance measures from different, more practical
dynamic exercises. In addition, the present study included
only young resistance-trained individuals, thus, the measures
may greatly differ compared to older populations that utilize
the same training techniques. Lastly, it should be noted that
our only significant difference between groups showed a p
value of 0.049, if we were to use a Bonferroni correction
due to the multiple comparisons this would change the alpha
level required to 0.005.
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Conclusion

This study was designed to determine if maximal and rapid
force characteristics as well as fatigue responses of the knee
extensors and flexors could discriminate between TRT and
ERT men. The evidence from the present study seems to
support the idea that resistance-trained individuals may
react similarly when put through a fatiguing bout of dynamic
isokinetic exercise. However, it has been shown that the
adaptations to training may be specific to the modality of
the training. Therefore, it is possible that training specificity
of the two groups (i.e., TRT and ERT) led to adaptations that
may not completely transfer to isokinetic and isometric per-
formance assessments, since they are different modalities. In
addition, the present study indicated a significant difference
for the extensors, where RTD,_s, was higher for the ERT
group compared to the TRT group. However, the greater
RTD,_s, in ERT men was not accompanied by a signifi-
cantly greater acceleration or maximal velocity. These find-
ings demonstrate that measures of rapid force development
may be more sensitive to training-specific adaptations than
kinematic variables such as peak acceleration and velocity.
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