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ABSTRACT

Mohamad, NI, Cronin, JB, and Nosaka, KK. Difference in
kinematics and kinetics between high- and low-velocity re-
sistance loading equated by volume: implications for hypertro-
phy training. J Strength Cond Res 26(1): 269-275,
2012-Although it is generally accepted that a high load is
necessary for muscle hypertrophy, it is possible that a low load
with a high velocity results in greater kinematics and kinetics
than does a high load with a slow velocity. The purpose of this
study was to determine if 2 training loads (35 and 70%
1 repetition maximum [1RM]) equated by volume, differed in
terms of their session kinematic and kinetic characteristics.
Twelve subjects were recruited in this acute randomized within-
subject crossover design study. Two bouts of a half-squat
exercise were performed 1 week apart, one with high load-low
velocity (HLLV = 3 sets of 12 reps at 70% 1RM) and the other
with low-load high-velocity (LLHV = 6 sets of 12 reps at 35%
1RM). Time under tension (TUT), average force, peak force
(PF), average power (AP), peak power (PP), work (TW), and
total impulse (Tl) were calculated and compared between loads
for the eccentric and concentric phases. For average eccentric
and concentric single repetition values, significantly (p < 0.05)
greater (~15-22%) PP outputs were associated with the LLHV
loading, whereas significantly greater (~7-61%) values were
associated with the HLLV condition for most other variables of
interest. However, in terms of total session kinematics and
kinetics, the LLHV protocol resulted in significantly greater
(~16-61%) eccentric and concentric TUT, PF, AP, PP, and
TW. The only variable that was significantly greater for the HLLV
protocol than for the LLHV protocol was Tl (~20-249%). From
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these results, it seems that the LLHV protocol may offer an
equal if not better training stimulus for muscular adaptation than
the HLLV protocol, because of the greater time under tension,
power, force, and work output when the total volume of the
exercise is equated.

Key WORDS squat, time under tension, force, loading
parameters

INTRODUCTION

oading the muscle with loads >60-70% 1 repeti-

tion maximum (1RM) is thought to be fundamental

to the development of maximal strength and an

important stimulus for muscle hypertrophy
(1,17,18,24). In strength trained athletes, even greater loading
intensities (70-100% 1RM) are thought to be critical for the
development of maximal strength (16,17,24). The importance
of these higher loading intensities (>70% 1RM) in inducing
maximal strength and hypertrophic changes, however, may
be questioned in relation to some research in this area. For
example, explosive strength training at 10% of 1RM was able
to stimulate muscle hypertrophy, and the hypertrophy was of
the same magnitude as that of training at 90% 1RM (11).
Schmidtbleicher and Buehrle (25) compared the changes in
force-time curves and cross-sectional area (CSA) of subjects
who were allocated to a high load group (>90% maximum
voluntary contraction [MVC]), a power group (45% MVC),
a high repetition group (70% MVC), and a control group.
After 12 weeks of resistance training, similar changes in
maximum force occurred in all the training groups (18-21%).
Changes in CSA were similar in the power and high load
groups and superior in the high repetition group (25). Given
that force or tension within the muscle is thought to be
important as a hypertrophic stimulus, these findings may be
explained by the fact that force can be defined mechanically
by the equation; force equals mass times acceleration (F= m
X a). Typically, resistance strength training programs focus
on the mass component for improving the force capability of
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TasLE 1. Average single repetition eccentric values (mean * SD) for the 35 and 70% 1RM schemes equated by volume.*

Variable 35% 1RM 70% 1RM % Difference Significance¥
Time under tension (s) 0.61 = 0.09 0.99 = 0.14 38.4 0.000
Average velocity (m-s™") 0.70 *= 0.09 0.39 = 0.05 443 0.000
Peak velocity (m-s™") 117 = 0.14 0.69 = 0.08 40.0 0.000
Peak force (N) 727 £17.5 1,091 = 82.5 33.7 0.000
Average power (W) 525 + 69.7 438 + 76.9 16.6 0.020
Peak power (W) 1,100 = 74.6 853 + 141 225 0.002
Total work (J) 295 + 21.9 428 + 46.2 31.1 0.000
Total impulse (ms) 421 + 58.4 1,080 = 199 61.0 0.000

*1RM = 1 repetition maximum.
Tp Value is based on a paired t-test.

muscle with little attention given to modifying the
acceleration component. It may be that the higher velocities
and accelerations associated with lighter load training may
compensate for the lighter mass; the subsequent force
thereafter is not substantially different to a more typical
higher load hypertrophic program.

Another possible reason that may explain the conjecture in
the literature regarding the efficacy of high-load low-velocity
(HLLV = 70% 1RM) as opposed to low-load high-velocity
(LLHV ~35% 1RM) loading schemes in increasing strength
and hypertrophy is that much of the research in this area has
failed to equate training volume (load X repetitions X sets)
between interventions. If training volume is not equated, then
the effect of load is practically impossible to disentangle. If
volume is equated, then the magnitude (acute studies) and
effect (training studies) of various mechanical variables can be
quantified. Although there is a great deal of literature that has
investigated the kinematics and kinetics of a single repetition

(9,20-22), the findings do not, however, reflect the true
nature of resistance strength training as undoubtedly
kinematics and kinetics differ between repetitions in a set,
between sets in a workout and between workouts.

In terms of the lower body, some research has investigated
the kinematics and kinetics of a single set across loads (30, 60,
and 90% 1RM) on a supine squat machine (10) and multiple
sets across loads (45, 75, and 88% 1RM) on a modified Smith
machine and supine squat machine (8). Both these research
studies found superior kinematics and kinetics for the lighter
loading schemes in most of the variables of interest when
equated by volume. Research of this nature gives a better
insight into the mechanical stimuli associated with various
loading schemes and may provide a better framework for
understanding some of the inconsistencies in the literature,
which is why certain lighter loading schemes are equally
successful in increasing strength and hypertrophy. Certainly,
such research can provide better insight into the adaptational

TaBLE 2. Average single repetition concentric values (mean * SD) for the 35 and 70% 1RM schemes equated by

volume.*
Variable 35% 1RM 70% 1RM % Difference Significancef

Time under tension (s) 0.56 *= 0.06 0.82 = 0.07 31.7 0.000
Average velocity (m-s™") 0.75 * 0.06 0.46 = 0.04 38.7 0.000
Peak velocity (m-s™") 1.25 = 0.10 0.80 = 0.07 36.0 0.000
Peak force (N) 1,318 = 105 1,430 = 92.6 7.83 0.002
Average power (W) 515 + 39.6 508 + 61.5 1.4 0.843
Peak power (W) 1,169 = 137 989 + 136 15.4 0.017
Total work (J) 531 = 79.4 546 * 63.0 2.8 0.648
Total impulse (ms) 362 + 37.7 887 + 121 59.2 0.000

*1RM = 1 repetition maximum.
ip Value is based on a paired t-test.
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TaeLe 3. Total eccentric values (mean *= SD) for the 35 and 70% 1RM schemes equated by volume.*

Variable 35% 1RM 70% 1RM % Difference Significancet
Time under tension (s) 35.3 = 5.93 290.4 = 452 16.7 0.016
Average velocity (m-s™") 41.2 + 9.82 11.5 = 2.10 72.1 0.000
Peak velocity (ms™) 68.4 = 14.3 20.5 = 3.74 70.0 0.000
Peak force (N) 42,504 + 22,906 32,447 = 11,182 23.7 0.013
Average power (W) 30,823 + 18,170 13,044 + 6,115 57.7 0.000
Peak power (W) 64,680 * 31,484 25,396 = 10,519 60.7 0.000
Total work (J) 17,102 *= 8,029 12,736 + 4,674 25.6 0.003
Total impulse (ms) 24,385 + 10,566 32,106 = 10,761 24.0 0.003

*1RM = 1 repetition maximum.
tp Value is based on a paired t-test.

effects of various loading schemes, and such analyses should
underpin longitudinal research.

Of particular interest in this research is quantifying the set
and session kinematics associated with HLLV loading as
opposed to LLHV loading as potential mechanical stimuli to
increase strength and hypertrophy. In terms of hypertrophy
for sporting performance, it would appear advantageous for
hypertrophic adaptation to occur side by side with high-
velocity adaptation because adaptation of muscle contractile
properties via training are dependent on the type of exercise
and protocol performed (12,14), because muscle fiber type
shift occurs according to the stimulus applied, which is
normally from faster to slower myosin isoforms (7). The use
of lighter loads therefore is intuitively appealing in this
regards, because there is evidence that training at higher
velocities particularly during lengthening contractions in-
creases protein remodeling and preferential hypertrophy of
fast fibers (13,27).

As intimated previously, an understanding of the mechan-
ical stimuli presented by various loading parameters is
thought to be important and needs to underpin the rationale

for longitudinal studies such as investigating high-velocity
hypertrophic adaptation. To the knowledge of these authors,
no research has quantified the set and session mechanical
stimuli associated with 2 traditional free weight squat loading
schemes that take 2 divergent approaches to hypertrophic
adaptation. Consequently, the purpose of this study was to
determine if 2 training loads (35 and 70% 1RM) equated by
volume differed in terms of their session kinematic and kinetic
characteristics. The findings will clarify the magnitude of the
mechanical stimuli associated with HLLV as opposed to
LLHYV loading schemes and may provide an insight into the
adaptational effects with repeated application of these
schemes.

METHODS

Experimental Approach to the Problem

In this acute randomized within-subject crossover design, we
recruited 12 recreationally trained male student athletes to
investigate the effects of load on set and session free-weight
squat kinematics and kinetics. Two loading schemes were

TasLE 4. Total concentric values (mean *= SD) for the 35 and 70% 1RM schemes equated by volume.*

Variable 35% 1RM 70% 1RM % Difference Significancet
Time under tension (s) 32.5 = 4.78 24.6 = 4.31 24.3 0.000
Average velocity (m-s™") 44.0 = 7.95 13.9 = 1.75 68.4 0.000
Peak velocity (m~sf1) 728 = 115 23.9 + 3.39 67.2 0.000
Peak force (N) 77,023 + 30,156 42,725 + 12,032 445 0.000
Average power (W) 30,129 + 18,255 15,189 *+ 6,326 49.6 0.001
Peak power (W) 68,250 = 32,222 29,562 = 11,569 56.7 0.000
Total work (J) 31,840 = 11,159 16,151 £ 5,005 49.3 0.000
Total impulse (ms) 21,031 = 9,531 26,506 = 8,989 20.7 0.011

*1RM = 1 repetition maximum.
+p Value is based on a paired t-test.
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equated by volume (3 sets of 12 reps at 70% 1RM vs. 6 sets of
12 reps at 35% 1RM) and the dependent variables of interest
that were quantified during the eccentric and concentric
phases were time under tension (TUT), average force (AF),
peak force (PF), average power (AP), peak power (PP), work
(TW), and total impulse (TI). The average repetition value for
each set and the total set and session values of each of the
variables for both the eccentric and concentric phases were
then used for statistical analysis.

Subjects

Twelve recreationally trained male athletes with at least
6 months of resistance strength training experience volun-
teered to participate in this research. Subject mean (+SD) age,
height, mass, and 1RM squat strength were 26.3 (3.0) years,
175.3 (4.0) cm, 80.3 (11.2) kg, and 125 (35.2) kg, respectively.
All the subjects recruited were considered injury-free as
indicated by no lower limb and spine injury record for the
past 2 years. The subjects completed an informed consent
form before the experiment. Ethics approval from the
Human Research Committee of Edith Cowan University
was also obtained before commencing the study.

Equipment

The subjects performed the squat on a force plate (400 Series,
Fitness Technology, Adelaide, Australia) supported by a Power
Cage (FT 700, Fitness Technology). The Olympic bar was
interfaced with the Ballistic Measurement System (BMS,
Fitness Technology), which consisted of a position transducer
(Celesco, PT5A-0150-V62-UP-1K-M6, Chatsworth, CA,
USA), computer interface (XPV Interface, Fitness Technology),
and the BMS software (BMS, Version 2007.2.3, Innervations,
Adelaide, Australia). Sampling frequency of the BMS system
was set at 200 Hz.

Procedures

The procedures involved 1 familiarization and 2 testing
sessions. The testing sessions were randomized to eliminate
any learning, order or fatigue effects that could confound the
statistical analysis. A minimum of 72 hours of rest was given
between all sessions to ensure full recovery. The participants
were asked to replicate exercise and dietary intake 24 hours
before each testing occasion.

Preliminary Assessments and Familiarization. During the first
session, technique and maximum squat strength (1RM) were
assessed and anthropometric measurements taken. The
anthropometric variables of interest included standing height
(centimeters) and body mass (kilograms). Movement for the
half-squat was analyzed, and corrections to technique were
made as necessary. Half-squat 1RM was determined accord-
ing to standardized procedures outlined by Brown and Weir
(3). The participants were asked to provide their estimated
half-squat 1RM based on their past performance. A 5-minute
general warm-up was undertaken. Each participant was then
required to perform 2 warm-up sets of 8 reps at 50% of
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estimated 1RM and 3 reps at 70% of estimated 1RM,
respectively. After a 5-minute rest, each subject’s 1IRM was
determined (4- to 5-minute rest in between 1RM lifts).

Half-Squat Technigue. The squat movement began from
a standing position with the feet approximately shoulder
width apart. The squat was initiated by a controlled down-
ward eccentric knee bend until the tops of the thighs became
parallel to the floor, which was followed by a concentric
phase.

Tésting Procedures. The subjects were randomly allocated to
1 of the 2 testing sessions (35% of 1IRM and 70% of IRM). The
participants performed a general warm-up before each testing
session, for example, jogging and 2 warm-up sets of 8 reps at
about 50% of the session load and 3 reps at about 70% of the
session load, respectively. The subjects then performed either
6 sets of 12 reps at 35% of 1IRM (2,520 kg) or 3 sets of 12 reps at
70% of 1RM (2,520 kg) loading (5). A 90-second interset rest
period was used for both conditions.

Statistical Analyses

The force plate was synchronized with a linear position
transducer attached to the bar to measure the various dependent
variables of interest at a sampling frequency of 200 Hz.
The eccentric (maximum to minimum vertical displace-
ment) and concentric (minimum to maximum vertical
displacement) phases were determined from the linear
position transducer. All variables of interest (TUT, AF, PF,
AP, PP, TW, and TI) were calculated for each eccentric and
concentric contraction for each repetition, and for each set
and session involved, via the BMS software data analysis
program. The variables of interest in this study have been
proven to be stable within and between sessions (i.e., typical
coefficient of variation <5% and intraclass correlation
coefficient ~0.95).

The average repetition value for each set was calculated and
used for the repetition analysis (Tables 1 and 2). The summed
repetition and set values for each session were used as the
total session kinematics and kinetics and compared between
loading schemes (Tables 3 and 4).

Means and §Ds were used to represent the centrality and
the spread of data. Paired sample #test comparisons were
used to determine if significant differences existed between
the dependent variables (eccentric and concentric TUT, AF,
PF, AP, PP, TW, and TI) across the 2 loading schemes. The
percent difference between loading schemes was calculated
(% Difference = [1 — Lowest Variable/Highest Variable] X
100). An alpha level of 0.05 was set to assess the statistical
significance for all tests.

REsuLTS

The average eccentric single repetition values for the 35 and
70% 1RM protocols can be observed in Table 1. Significantly
(p < 0.05) greater average and peak eccentric power output
(16.6 and 22.5%) were associated with the 35% protocol,
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whereas significantly greater values (31.1-61.1%) were
associated with the 75% protocol for all the other variables
of interest.

The average concentric single repetition values for the 35
and 70% 1RM protocols are detailed in Table 2. Interload
nonsignificant differences (1.36-2.75%, p > 0.05) were found
for AP and total work. Significantly greater concentric PP
output (15.4%) was associated with the 35% 1RM loading
scheme, whereas significantly greater values (7.83-59.2%)
were associated with the 70% 1RM loading scheme for all the
other variables of interest.

Tables 3 and 4 compare the total eccentric and concentric
outputs from both schemes when equated by volume, that is,
35% 1RM = 6 sets of 10 reps at 35% 1RM vs. 70% 1RM = 3
sets of 10 reps at 70% 1RM. With regards to the 35% 1RM
eccentric values, significantly greater (16.7-60.7%) outputs
were associated with TUT, PF, AP, PP, and TW. The only
variable that was found to be significantly greater for the 70%
1RM loading scheme was TI (24.0%). In terms of the 35%
1RM concentric values (Table 4), significantly greater (24.3-
56.7%) values were associated with all the variables apart
from TI, which once more was greater (20.7%, p = 0.01) in
the heavier loading scheme.

DiscussioN

The aim of this study was to quantify whether 2 different
loading schemes that were termed high-load low-velocity
(HLLV = 70% 1RM) as opposed to low-load high-velocity
(LLHV ~35% 1RM) loading schemes differ in terms of their
kinematics and kinetics when equated by volume. The
interest in this analysis was prompted by research that has
found significant hypertrophy with lighter loads, without
identifying the kinematics and kinetics associated with these
loading schemes (4,27). Understanding the mechanical
stimuli associated with various repetitions, set and session
loading schemes is of paramount importance, if strength and
conditioning practitioners are to prescribe and understand
the adaptational effects of resistance exercise to better effect.

The first level of mechanical analysis involved comparing
the average repetition outputs for the eccentric and concentric
phases of both loading schemes (Tables 1 and 2). This analysis
enables a loose comparison to those studies that have
quantified the repetition kinematics and kinetics of the squat
and its derivatives (6,10,26). To the knowledge of these
authors, no other study has quantified the single repetition
kinematics and kinetics of both the eccentric and concentric
phases of the free weight squat. Furthermore, a direct
comparison between the kinematics and kinetics of this and
other studies is problematic given the differences in design.
For example, (a) training status: Crewther et al. (8) used well-
trained athletes who were lifting twice a week as compared
with the recreational athletes used in this study; (b) Different
level of maximal strength (1RM), therefore each samples will
be lifting different relative masses, which will equate to
different forces, impulses, etc.; (c) some research used only

position transducer data (8,10)—the dual use of force plate
and position transducer more accurate than that used in this
study; (d) different methodological approaches, for example,
the use of mass vs. system mass in the calculations and
whether using a ballistic or nonballistic technique (6,8,10,26);
(e) different machinery as in the use of a Smith machine,
supine squat machine, and a free weight squat, which will
undoubtedly affect kinematics and kinetics (8,10); and, (f)
different comparative loads, for example, Crewther et al. (8)
used power and hypertrophy loads of 45 and 75% 1RM,
respectively.

Nonetheless, the research design closest to this study’s was
that of Crewther et al. (8) who described the eccentric and
concentric kinematics and kinetics of the squat using 3
loading schemes on 2 pieces of equipment, that is, Smith
machine and supine squat. The most relevant comparisons to
our study are between their power (45% 1RM) and
hypertrophy loading schemes (75% 1RM) performed on the
Smith machine. Similar to the findings of this study, greater
eccentric and concentric time under tension (~30-42%), force
(~38-46%), impulse (~62-64%), and work (22-33%) were
associated with the HLLV loading scheme. However, the
eccentric power between loading schemes was not signifi-
cantly different (0.5%), whereas the concentric power output
(25.5%) was significantly greater for the LLHV scheme,
which is somewhat different to our results depending on
whether AP or PP are used for the analysis.

In terms of power production, peak eccentric and concentric
power and concentric AP were significantly higher in the 35%
1RM loading scheme in this study. This finding is not unusual
because a great deal of literature has found greater mechanical
power outputs associated with lighter loads (2,6,15,28,29). It
would seem that for power to be optimized, the use of lighter
loads that enable a higher velocity component is the loading
scheme of choice. Furthermore, research (19,30) modeling the
interplay between muscle strength, CSA and explosive power
found that the optimization of power was based upon (a)
increasing muscle CSA; (b) increasing maximal strength; and
(c) translating that strength to power. A contention of this
article is that LLHV loading may offer a better means of
increasing muscle CSA if maximizing explosive power output
is a desired outcome, that is, LLHV superior in terms of total
session kinematics and kinetics—significantly greater (~16-61%)
eccentric and concentric TUT, PF, AP, PP, and TW.
Certainly, the low-load high-velocity approach would seem
the method of choice to translate strength adaptations to
power.

With regards to hypertrophy, if a single repetition was to be
used as the basis of loading musculature, then the HLLV
loading scheme would seem the loading scheme of choice,
given its significantly greater time under tension, force output,
and TI for both the eccentric and concentric phases.
Furthermore, significantly greater total eccentric work was
associated with the heavier loading scheme. However, as
intimated previously, workouts are more than a single
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repetition, and to disentangle the effect of load on strength
and power adaptation, an equivolume design is required for
the analysis of total session kinematics and kinetics.

The second level of analysis involved comparing the total
session outputs for the eccentric and concentric phases of
both loading schemes (Tables 3 and 4). This analysis enables
a comparison to those studies that have quantified the set and
session kinematics and kinetics of the squat and its derivatives
(8). However, to our knowledge, no study has performed
such an analysis using the free weight squat. Furthermore, the
Crewther et al. (8) study only equated their power and
maximal strength loading schemes and not the hypertrophy
scheme; therefore, comparison between session kinematics
and kinetics to this study is of limited value. Cronin and
Crewther (10) quantified the kinematics and kinetics of 30,
60, and 90% 1RM loads equated by volume on a supine squat
machine. Furthermore, the instructions were to move all
loads “explosively” as possible, which is dissimilar to
instructions given to traditional hypertrophy training and
the instructions of this study. The reader needs to be
cognizant of these differences when between-studies com-
parisons are made in the following paragraphs.

This study found that in terms of total repetition/session
kinematics and kinetics, both eccentric and concentric TUT
(~16-24%), force (~23-44%), power (~50-60%), and TW
(~25-50%) outputs were significantly greater for the LLHV
loading scheme. The only variable that was significantly
greater for the HLLV scheme for both the eccentric and
concentric phases was the TI (~20-24%). These are similar to
the findings of Cronin and Crewther (10) who found
significantly greater total concentric TUT (31%), eccentric
and concentric AFs (~9-14%), eccentric and concentric APs
(~25-40%), and eccentric and concentric TWs (~9-14%)
with the 30% 1RM condition as compared with those with
the 60% 1RM variable.

The only variables that were found to be significantly
greater (~20-24%) for the HLLV condition were eccentric
and concentric TIs. Once again, this is similar to the findings
of Cronin and Crewther (10) who reported significantly
greater concentric TI (19%) for the 60% 1RM condition.
They concluded that if session total forces and time under
tension were thought to be important for increasing strength
via hypertrophic adaptation, then the lighter load would
seem the load of choice. However, it may be that the product
of force and time (impulse) may be the more important
stimulus for strength and hypertrophic adaptation, and
therefore, heavier loads would appear a superior training
stimulus. As these researchers point out, the relationship
between hypertrophy and impulse is not well documented,
and there seems a need to disentangle this relationship via
longitudinal research.

Of interest to these researchers was the concept of high-
velocity hypertrophic adaptation. As evidenced in Tables 1
and 2, significantly greater eccentric and concentric mean
and peak velocities were associated with the LLHV loading
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scheme. Given that the superior kinematics and kinetics were
also associated with this loading scheme when equated by
volume, there seems a case to explore the contention of
sport-specific LLHV hypertrophic adaptation further via
a longitudinal design that maps changes in CSA with
performance changes. Such a contention is reinforced by
research studies that have found greater strength (13,23) and
hypertrophy (13,27) with faster vs. slower lengthening
contractions, which has been attributed to greater protein
remodeling. Furthermore, it was hypothesized that because
of the nature of muscle mechanics and the force-velocity
relationship of muscle, high-velocity eccentric contractions
generate greater forces, which may also stimulate greater
protein synthesis (27). It may be that the real benefit of
LLHYV loading in terms of hypertrophic adaptation is the
accentuated eccentric training stimulus.

Finally, no doubt there is some critical threshold that is
a prerequisite for hypertrophy to occur, but this is hard to
disentangle given the findings in the literature. In the past,
a certain threshold of % 1RM (e.g., 60-70% 1RM) has been
cited as critical to hypertrophic adaptation, but it may be
more appropriate to cite this threshold as a force given the
formula mass X acceleration. That is, load is not the critical
determinant, but the forces associated with that load, and how
we move the load is. However, to identify that, threshold
force will no doubt require a great deal of research and likely
be very individual.

PRACTICAL APPLICATIONS

The free weight squat is one of the most prescribed movement
patterns for the lower body; therefore, understanding the
kinematics and kinetics associated with loading schemes that use
this exercise would seem fundamental to understanding the
adaptational effects of exercise prescription using this move-
ment. As intimated previously, an understanding of the
mechanical stimuli presented by various loading parameters is
thought to be important and needs to underpin the rationale for
longitudinal studies such as investigating high-velocity hyper-
trophic adaptation. We found that when LLHV and HLLV
schemes were equated by volume, the lighter load for the most
part resulted in greater eccentric and concentric time under
tension, forces, power, and work. Given this, time under tension,
force, and work are thought to be critical determinants of
hypertrophic adaptation, coupled with the fact that higher
velocities associated with the 35% 1RM loading scheme seem to
support the contention that training with such loading
parameters may offer a better alternative for sport-specific
hypertrophic adaptation compared with the heavier-slower
hypertrophy loading parameters that are traditionally pre-
scribed. Such a contention, however, warrants investigation via
a longitudinal design that maps changes in CSA with
performance changes. Furthermore, there may be differential
effects depending on the training status of the subjects that need
investigation. It should be noted that the benefits of the LLHV
scheme would no doubt be magnified if ballistic free-weight
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squats were used. That is, movement that allows unloading or
projection of oneself results in greater velocities and accelerations
and as a consequence force and power outputs. Furthermore,
because this ballistic movement better simulates athletic and
sporting movement patterns, this type of movement may offer
superior sport-specific hypertrophic adaptation. Once more,
such a contention needs validation via a longitudinal research
approach. Finally, it has been suggested that the real benefit of
LLHYV loading for hypertrophic adaptation may be because of
the greater eccentric velocities (accentuated eccentric training
stimulus) and subsequent protein synthetic response. This needs
further examination, but there is no doubt that the higher
eccentric velocities associated with LLHV loading better
simulate the velocities associated with athletic movement and
therefore may more likely optimize transference from the
gymnasium-based gains to on field performance.

REFERENCES
1. Atha, ]. Strengthening muscle. Exerc Sport Sci Rev 9: 1-74, 1981.

2. Baker, D, Nance, S, and Moore, M. The load that maximizes the
average mechanical power output during jump squats in power-
trained athletes. J Strength Cond Res 15: 92-97, 2001.

3. Brown, LE and Weir, JP. ASEP procedures recommendation 1:
Accurate assessment of muscular strength and power. J Exerc
Physiol 4: 1-21, 2001.

4. Campos, GER, Luecke, TJ, Wendeln, HK, Toma, K, Hagerman, FC,
Murray, TF, Ragg, KE, Ratames, NA, Kraemer, W], and Staron, RS.
Muscular adaptations in response to three different resistance-
training regimens: Specificity of repetition maximum training zones.

Eur J Appl Physiol 88: 50-60, 2002.
5. Chestnut, JL. and Docherty, D. The eftects of 4 and 10 repetition

maximum weight-training protocols on neuromuscular adaptations
in untrained men. J Strength Cond Res 13: 353-359, 1999.

6. Cormie, P, McBride, JM, and McCaulley, GO. Power-time, force-
time, and velocity-time curve analysis during the jump squat: Impact
of load. J Appl Biomech 24: 112-120, 2008.

7. Costill, DL, Coyle, EF, Fink, WF, Lesmes, GR, and Witzman, FA.
Adaptations in skeletal muscle following strength training. J.4pp/
Physiol 46: 96-99, 1979.

8. Crewther, BT, Cronin, ], and Keogh, JWL. The contribution of
volume, technique, and load to single-repetition and total-repetition

kinematics and kinetics in response to three loading schemes.
J Strength Cond Res 22: 1908-1915, 2008.

9. Cronin, J, McNair, PJ, and Marshall, RN. Developing explosive

power: A comparison of technique and training. J Scz Med Sport
4: 59-70, 2001.

10. Cronin, JB and Crewther, B. Training volume and strength and
power development. J Sci Med Sport 7: 144-155, 2004.

11. Dahl, HA, Aaserud, R, and Jensen, J. Muscle hypertrophy after light
and heavy resistance training. Med Sci Sports Exerc 24: S55, 1992.

12. Dons, B, Bollerup, K, Bonde-Petersen, F, and Hancke, S. The effect of
weight-lifting exercise related to muscle fiber composition and muscle
cross-sectional area in humans. Fur J Appl Physiol 40: 95-106, 1979.

13. Farthing, JP and Chilibeck, PD. The effects of eccentric and

concentric training at different velocities on muscle hypertrophy.
Eur J Appl Physiol 89:578-586, 2003.

14.

15.

16.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hainaut, K and Duchateau, J. Mechanism of muscle and motor unit
adaptation to explosive power training. In: Strength and Power in
Sport. PV. Komi, ed. Oxford, United Kingdom: Blackwell Science
Ltd., 2003. pp. 315-330.

Izquierdo, M, Hikkinen, K, Gonzalez-Badillo, JJ, Ibanez, |, and
Gorostiaga, EM. Effects of long-term training specificity on maximal
strength and power of the upper and lower extremities in athletes
from different sports Eur J Appl Physiol 87: 264-271, 2002.

Komi, PV. Neural mechanisms in strength and power training. In:
Confeérence Book of the International Conférence on Weightlifling and
Strength Training, November 10-12, 1998. K. Hékkinen, ed. Lahti,
Jyvaskyla: Gummerus Printing, 1998. pp. 37-48.

Kraemer, W], Adams, K, Enzo, C, Dudley, GA, Dooly, C,
Feigenbaum, MS, Fleck, SJ, Franklin, B, Fry, AC, Hoffiman, JR,
Newton, RU, Potteiger, ], Stone, MH, Ratamess, NA, and Triplett-
McBride, T. Progression models in resistance training for healthy
adults. Med Sci Sports Exerc 34: 364-380, 2002.

McDonagh, MJN and Davies, CTM. Adaptive response of
mammalian skeletal muscle to exercise with high loads. Eur J
Appl Physiol 52:139-155, 1984.

Minetti, A. On the mechanical power of joint extensions as affected
by the change in muscle force (or cross-sectional area), ceteris
paribus. Euro J Appl Physiol 86: 363-369, 2002.

Newton, RU, Kraemer, W], Hakkinen, K, Humphries, B, and
Murphy, AJ. Kinematics, kinetics, and muscle activation during
explosive upper body movements. J App/ Biomech 12: 31-43, 1996.

Newton, RU, Murphy, AJ, Humphries, B], Wilson, GJ, Kraemer, W], and
Hikkinen, K. Influence of load and stretch shortening cycle on the

kinematics, kinetics and muscle activation that occurs during explosive
upper-body movements EurJ Appl Physiol Occup Phys 75: 333-342, 1997.

Newton, RU and Wilson, GJ. The kinetics and kinematics of
powerful upper body movements: The eftect of load. Abstracts of
the International Soctety of Biomechanics XIVith Congress, Paris,
France, July 4-8: 1510, 1993.

Paddon-Jones, D, Leveritt, M, Lonergan, A, and Abernethy, P.
Adaptation to chronic eccentric exercise in humans: The influence
of contraction velocity. Eur J Appl Physiol 85:466-471, 2001.

Ratamess, NA, Alvar, BA, Evetovich, TK, Housh, TJ, Kibler, WB,
Kraemer, W], and Triplett, NT. Progression models in resistance
training for healthy adults. Med Sci Sports Exerc 41: 687-708, 2009.

Schmidtbleicher, D and Buehrle, M. Neuronal adaptation and
increase of cross-sectional area studying different strength training
methods. In: Biomechanics X-B. B. Jonsson, ed. Champaign, IL:
Human Kinetics Publishers, 1987. pp. 615-620.

Sheppard, JM, Doyle, TLA, and Taylor, DC. A methodological and
performance comparison of free weight and smith-machine jump
squats. J Aust Strength Cond 16: 5-9, 2008.

Shepstone, TN, Tang, JE, Dallaire, S, Schuenke, MD, Staron, RS, and
Phillips, SM. Short-term high- vs. low-velocity isokinetic lengthening
training results in greater hypertrophy of the elbow flexors in young
men. J Appl Physiol 98: 1768-1776, 2005.

Siegel JA, Gilders RM, Staron RS, and Hagerman FC. Human
muscle power output during upper- and lower-body exercises.

J Strength Cond Res 16: 173-178, 2002.

Stone, MH, O’Bryant, HS, McCoy, L, Coglianese, R, Lehmkuhl, M,
and Schilling, B. Power and maximum strength relationships during

performance of dynamic and static weighted jumps. J Strength Cond
Res 17: 140-147, 2003.

. Zamparo, P, Minetti, A, and di Prampero, P. Interplay among the

changes of muscle strength, cross-sectional area and maximal explosive
power: Theory and facts. Eur J Appl Physiol 88: 193-202, 2002.

VOLUME 26 | NUMBER 1 | JANUARY 2012 | 279



