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The ability of isoinertial assessment
to monitor specific training effects

B. JIDOVTSEFF !, I.-L. CROISIER 2, N. SCIMAR, C. DEMOULIN 2, D. MAQUET 2

J.-M. CRIELAARD 1.2

Aim. The aim of this study was to investigate the ability of isoi-
nertial assessment to monitor training effects. Both parametric
and curve analysis of the results were used to underline the
specificity of maximal strength and maximal velocity resistance
training methods.

Methods. Twenty-four untrained subjects were randomly assi-
gned into three groups: a maximal strength-training group
(heavy loads: 80% to 98% of the one repetition maximum
[1-RM]), a maximal velocity-training group (light loads: 25%
to 50% of 1-RM) and a control group. All the subjects were
tested in bench press exercises before and after the 6-week trai-
ning period. An isoinertial dynamometer was used to assess
velocity and power at four increasing loads: 35%, 50%, 70 %
and 95% of the 1-RM load. Post-test protecol also included a
trial at 105% of the 1-RM load.

Results. Isoinertial assessment demonstrated for both training
groups significant gains at each load. Some specific adapta-
tions appeared: strength training presented a greater increa-
se for average power (+49%, P<0.001) and average velocity
(+48% , P<0.001) at 95% of 1-RM, while velocity training emer-
ged as a more effective way to improve performance at 35% and
50% of 1-RM (+11 to 22%) in comparison with strength trai-
ning (+7 to 12%). The analysis of power and velocity curves spe-
cified that strength training enhanced performance earlier in
the movement, while velocity training extended the propulsive
action at the end of movement.

Abstract presented at the 4t International Conference on Strength
Training, Serres, Greece, 3-7 November 2004. “Influence of a short time
specific strength training on isoinertial performances”.

Acknowledgments.—We thank Nathalie Scimar for her assistance during
testing and training procedures.

Recived on September 5, 2007.

Accepted for publication on December 4, 2007.

Address reprint requests to: B. Jidovtseff, Isepk - B21, Allée des Sports,
4, B-4000 Ligge, Belgium. E-mail: B jidoviseff @ulg.ac.be

Vol. 48 - No. 1

1Department of Motricity Sciences

Service of Training and Assessment of Physical Fitness
University of Liege, Liege, Belgium

2Department of Motricity Sciences

Service of Physical Medicine and Rehabilitation
University of Liege, Liege, Belgium

Conclusion. The original combination of parametric and cur-
ve isoinertial assessment appears to be a relevant method for
monitoring specific training effects. The complementarity of
both strength and velocity training programmes underlined
in this study could lead to practical applications in profiling trai-
ning programmes.

KEey worps: Muscle, skeletal - Muscle strength - Exercise - Physical
fitness.

R esistance training has been highly recommended
in order to maximize the standard of performance
in many sports. Therefore, the assessment of muscu-
lar function appears particularly important to under-
stand how various acute programme variables and
their interactions affect force, power and velocity.!
One interesting way to investigate the influence of
specific resistance training on the neuromuscular sys-
tem involves monitoring training-induced changes in
performance under various loading conditions, explor-
ing either force-velocity or force-power relationships.
Surprisingly, most studies have involved the isokinet-
ic method in order to verify whether resistance training
at a specific velocity would affect performance only
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at that velocity or at a broader range of velocities.2-
Most commonly, sport-specific training, and particularly
resistance training, aims to increase velocity in move-
ments involving constant load exercise, and not to
increase load during constant velocity exercise.
Consequently, isokinetic assessment does not appear to
be the most specific tool for reflecting training-induced
changes in performance. Moreover, most exercises dur-
ing sport resistance training involve acceleration and
deceleration of a constant mass about the associated
joints, entailing the development of isoinertial force.¢
Therefore, the conditioning tenet of specificity strong-
ly suggests the promotion of the isoinertial concept of
strength assessment with the aim of detecting specific
training effects.

Isoinertial assessment consists of monitoring mus-
cle performance during usual constant load weightlift-
ing tasks. The most popular methods consist of the
one repetition maximum procedure (1-RM), often
used as a measure of strength for athletic profiling,!-7-
8 and of vertical jumps, representative of leg power.!
These methods, though presenting great external valid-
ity and dynamic specificity,! do not enable coaches to
monitor training effects through a complete force-
velocity relationship. Over the last few years, newly
designed isoinertial dynamometers, using a cable-
extension position transducer, rotary encoder, infrared
sensor or accelerometer, have been developed to mea-
sure the velocity and power exerted at different loads
through common weightlifting exercises.® %14 Such
an approach allows the description of force-velocity
and force-power relationships. The fact that isoinertial
testing movements closely mimic training movements
strongly suggests that the assessment involves a high
level of specificity and sensitivity. However, only lim-
ited research has used this form of dynamometry to
quantify the influence of a specific resistance train-
ing method on muscular performance. The study by
Wilson et al.15 combined a force platform and rotary
encoder (the Plyometric Power System) in order to
investigate the adaptation evoked by plyometric and
weight training on dynamic performance. Force and
rate of force development data during squat and bench
press exercises were collected with the force platform.
The rotary encoder was only used to measure the bar
displacement and no information was provided regard-
ing gains in velocity or power after training. Kraemer
et al.'¢ used the same dynamormeter in order to compare
the effect of different resistance training methods on
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strength/power performance in women. In that case, the
rotary encoder was used to evaluate power output.
Upper and lower body were tested using a ballistic
shoulder press with 30% of the 1-RM and squat jumps
with both 30% and 60% of the 1-RM. Nevertheless, the
authors did not report velocity measurements during
the exercises. The work by Almasbakk and Hoff 17is
one of the rare studies to have used isoinertial tests in
order to investigate the influence of strength training
on the force-velocity relationship. Unfortunately, the
paper did not describe how the velocity was measured,
nor did it presented power data. Hence, all theses stud-
ies failed to clarify load-power and load-velocity rela-
tionships, and gave incomplete information on spe-
cific training effects.

The aim of the present study was to evaluate the abil-
ity of an isoinertial assessment to monitor specific forms
of resistance training. The relevance of the method was
tested through a parametric approach allowing the
description of load-power and load-velocity relation-
ships as well as through the analysis of curve repre-
senting velocity and power development during move-
ment. The survey also aimed specifically to describe
the influence of strength and velocity resistance train-
ing programmes on neuromuscular performance.

Materials and methods

Subjects

Twenty-four healthy male subjects without a history
of previous injury participated voluntarily in the study.
Their amount of recreational sport activity did not exceed
two hours per week. None of them had undertaken a
previous strength-training programme. Subjects were
randomly assigned into three equal- sized groups, which
consisted of 1) maximal strength-training group
(strength); 2) maximal velocity-training group (veloci-
ty); and 3) control group (control) (Table I). Before start-
ing the training programme, no difference had been
observed between the three groups with regard to max-
imal bench press performance (BP 1-RM). All subjects
were informed of the risks associated with this study
before giving their written consent to participate.

Testing procedures

The subjects were carefully familiarized with BP
exercises and testing procedures one week before the
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TaBELLA L—Number of subjects, mean (standard deviation) age, height, body mass and BP 1-RM in each group.
Age Height Body mass BP I-RM
Groups Number (years) (em) (k) (ke)
Strength 8 24 (14) 178.4 (2.8) 73.7(7.2) 59.3(14.1)
Velocity 8 23.7(2.2) 182.9 (5.7) 76.4 (7.6) 61.3 (8.6)
Control 8 23.2(1.5) 179.3 (3.3) 77.9(10.7) 61.2 (10.7)

TABLE IL.—Summary of study design.

Isoinertial pretest
Familiarization

Isoinertial post-test

6-week period

Load Trials Rest Load Trials Rest

Familiarization 35% 3 | min Strength training 35% 3 1 min
with BP 70% 2 3 min or 70% 2 3 min

+ 50% 3 1 min velocity training 50% 3 1 min

1-RM 95% .2 3 min or 95% 2 3 min
control 105% 1 3 min

measurements. The familiarization included: 1) several
sets of BP exercises; 2} technical corrections (total
elbow extension, breathing, maximal velocity inten-
tion); and 3) standardized advice throughout each set.
During this session, the one repetition maximum deter-
mination {1-RM) was performed according to the stan-
dard methods established by Kraemer and Fry.8 (Table
II) Prior to starting exercise, the BP position was indi-
vidually determined: the barbell in the starting position
rested three centimetres above the subject’s nipple
line; hand positions on the bar were defined as to the
distance measured between elbows when arm abduc-
tion corresponded to 90°. BP performance was assessed
only during the concentric phase. During the whole
movement, subjects had to keep their back on the
bench and their hips flexed at 90°. The recording of ini-
tial barbell height, distance between the hands, and
chest position allowed for the perfect reproduction of
the starting position through successive sessions.

All subjects were tested in BP following standard-
ized modalities 12 and at the same time of day, before
and after a six week (6 W) training period. They were
instructed to abstain from doing strenuous physical
activity for 48 h before each testing day. The resistive
charges to be used during the isoinertial assessment
were based on the initial 1-RM BP performance. In the
pretest, these charges were, respectively, 35%, 50%,
70% and 95% of the 1-RM load. Three trials were
performed at 35% and 50% of 1-RM (1 min of rest
between each trial) and two trials at 70% and 95% of
I-RM (3 min of rest). Subjects were instructed to per-
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form each movement as quickly as possible and to
focus their concentration particularly at the end of the
movement, in order to reach the highest velocity. Only
the best trial, selected according to the peak velocity,
was selected for each load testing. Test conditions
were identical in the post-training test, which also
included cne trial at 105% of the initial 1-RM load.

Isoinertial dynamometer

The dynamometer used in the present study has
been recently described 12 and was used to monitor
velocity and power during isoinertial vertical BP exer-
cises performed on a Smith machine (Multipower
M433, Salter SA, Barcelona). Equipment used to yield
iscinertial parameter measurements included an
accelerometer (ICS Sensors, model 3140, USA) and a
cable-extension position transducer (Celesco
Transducer Products, Inc., model PTSDC, USA), both
positioned at the same extremity of the bar. The uniaxial
piezoresistive accelerometer consists of a semicon-
ductor strain gauge, which is bonded to a cantilever
beam, end-loaded with a mass. When motion occurs,
the beam bends, which creates a strain proportional
to acceleration, and a corresponding change in voltage
can be measured. This device was horizontally fixed
onto a block used to guide the bar. A cable-extension
position transducer is positioned on the ground in such
a way that the cable can be attached at the extremity of
the bar with a strict vertical movement. A potentiometer
gave an electric output signal proportional to the stroke
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Figure 1.—Graphical representation of velocity and power at the two relative charges (35% an 95% of the 1 RM) for both training groups before and
after the training programme (*P<0.05; #P<0.01; §P<0.001).
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range. An analogue-to-digital interface (PCMCIA
Dakcard, 6024E, National Instrument, USA) trans-
ferred both accelerometer and position transducer sig-
nals to a notebook computer. Labview software
(National Instrument, USA) enabled measurement
coordination, data analysis, storage of information
and instantaneous presentation of results. Distance
and acceleration parameters were directly measured by
the devices with a sampling rate of 1 000 Hz. Velocity
was derived from displacement (v=dx/dt), whereas
power resulted from the product of the lifted mass,
acceleration and velocity (P=m.a.v). A lowpass filter
was used to smooth velocity and acceleration data
with the low cut of a 17Hz frequency.

Data processing

The analysis of parameters was demonstrated to be
reproducible and consisted of measuring peak veloc-
ity (PV, m.s-!), average velocity (AV, m.s1), peak pow-
er (PP, W), and average power (AP, W) for each load
during concentric movements, 12

The analysis of curve represented the instantaneous
evolution of velocity and power during each lifting. The
curve was reconstituted by connecting to each other the
values recorded every 5% of the total lifting time
(Figure 1).

Training programme

Subjects in both experimental groups trained for 6
weeks (6 W) following specific and standardized pro-
grammes as presented in Table III. The group per-
formed workouts designed hypothetically to obtain
maximum strength gains by using nearly maximal
loads (80-98% of 1-RM).7 The velocity group under-
took workouts designed to favour maximal-power and
velocity gains by using weights of 25% to 50% of 1-
RM.7 A period of relative recovery was introduced
after 3 weeks of training and this allowed a new 1-
RM determination. The training loads used on weeks
5 and 6 were adjusted accordingly. The workload, cor-
responding to the total percentage of 1-RM lifted dur-
ing the training period, was identical in both groups.
Each training session was supervised by the same
experimenter. Subjects were instructed to finish each
movement with the highest velocity, whatever the load
to be lifted. During the 6W training period, control
subjects were instructed to continue only their usual
daily activities. : .
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TaBLE IIl.—Resistance training programme for strength and velocity
groups.

Strength Velocity
Week 1 (2x/week)
1x10x60% 2x10x25%
2x6x80% 3x8x30%
1x3x90% 2x8x40%
Week 2 (2x/week)
1x10x60% 2x10x25%
1x6x80% 2xBx30%
2x3x90% 2x8x40%
Week 3 (3x/week)
1x10x60% 2x10x25%
1x6x80% 1x6x50%
2x3x90% 2x6x40%
1x2%95% 2x8x30%
Week 4 (1x/week) + 1-RM evaluation
1x10x60% 2x10x25%
1x6x80% 3x8x30%
2%3%x95% 2x8x40%
1%2x98%
Week 5 (3x/week)
1%10x60% 2x10x25%
Ix6x80% 2x8x30%
1x4x90% 2x8x40%
1x3x95% 2x6x30%
1x2x98%
Week 6 (3x/week)
1x10x60% 2x10x25%
1x6x80% 1%6x50%
2x3%90% 3Ix6x40%
2x2x98% 3x6x30%
Total workload (% 1-RM)
27385 % 1-RM 27 660 % 1-RM

Staristical analysis

All measured values were reported as mean + stan-
dard deviation (SD). A multivariate analysis of variance
(MANOVA) was used in order to determine whether
the groups differed before the specific training period.
Changes in performance within individual subjects
were assessed after the training period with a paired t-
test. Statistica 6.1 (Statsoft Inc., France) software was
used for statistical analysis.

Results

Parametric analysis

In the pretest, no significant differences appeared
between the groups with regard to isoinertial perfor-
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TABLE IV.—Evolution of quantitative performances between pre- and post-tests in control, strength and velocity groups.

THE ABILITY OF ISOINERTIAL ASSESSMENT TO MONITOR SPECIFIC TRAINING EFFECTS

Load % Control Strength Velocity

Pretest Post-test Diff (%) Pretest Post-test Diff (%) Pretest Post-test Diff (%)
PP (W)
35 726178 742+156 (+2.2) 693+145 776150 +12.0)* 734+142 866162 (+18.0)**
50 698109 740+153 (+6.1) 666+118 726133 +9.0) 7101358 821+180 (+15.6)%*
70 623+109 628+150 (+0.8) 60577 687102 (+13.6)* 687+192 751+180 (+9.3)
95 470x158 473+147 (+0.5) 461+60 58694 (+27.1)* 501£136 635+148 (+26. 7y
PV (m.s!)
35 2.04+0.20 2.04+0.21 (+0.1) 1.98+0.16 2.12+0.15 (+7.4y*%* 2.06+0.23 2.34+0.21 (+13.6)+**
50 1.67+0.08 1.71+0.12 (+2.6) 1.63x0.15 1.79+0.10 (+9.5)%* 1.66+0.22 1914022 (+14.9)%**
70 1.23+0.12 1.23+0.13 (+0.3) 1.22+0.18 1.38+0.16 (+13.2)%* 1.25x0.16 141016  (+13.2)*
95 0.77+0.20 0.770.16 (-0.5) 0.76+0.16 0.96+0.16 (+25.7)** 0.76x0.14 0.96+0.15 (+25.8)%%*
AP (W) :
35 30866 305159 (-0.8) 303+62 337+55 (+11.2)%** 307162 37470 (H21.7y%*
50 313+49 332453 (+6.1) 321465 345163 (+7.6)%* 328+63 382455 (+16.7)# %
70 295+39 308+61 (+4.5) 299+50 345+51 (+15.2)%* 32569 374+67 (+15.2)%*
95 19665 207+72 (+5.8) 185+42 27647 (+48.8)*** 217457 28070 (+28.9)*=
AV (m.s1)
35 1.17+0.12 1.16+0.11 (-0.4) 1.16+0.07 1.25+0.06 (+7.1)%** 1.21+0.13 1.3520.10  (+11.4)**
50 0.98+0.03 1.00x0.04 +2.0) 0.98+0.06 1.07+0.06 (+9.4)F** 0.99+0.10 1.1240.10  (+12.8)**=*
70 0.70+0.04 0.71+0.06 +1.9) 0.71+0.08 0.82+0.09 (+15.2)##* 0.73£0.09 0.840.07 (+16.1)**
93 0.35%0.10 0.36+0.10 (+2.8) 0.35+0.11 0.51+0.12 (+47.7)*+* 0.37x0.08 0.49+0.10  (+32.0)**

Significant differences between pre- and post-tests are represented as: *P<0.05);**(P<0.01};***(P<0.001).

mance. The performance of those in the control group
did not change significantly between the pre- and post-
tests, while both strength and velocity training groups
presented significant improvements for each load test-
ed. The strength training improved most notably aver-
age performance at 95% of 1-RM (+48.8% for AP and
+47.7% for AV; P<0.001). All subjects of the strength
group succeeded in lifting the 105% charge, while
only 6 out of 8 subjects reached this level in the veloc-
ity group. In the control group, only 1 subject managed
to lift this charge. In the velocity group, the best rela-
tive increase was also observed at 95% of 1-RM
(+25.8% to +32%). However, the greatest absolute
changes in velocity were observed at 35% (+0.28m.s-
I for PV) and 50% (+0.25m.s-! for PV) of 1-RM
(P<0.001). Moreover, at these two charges, improve-
ments in power and velocity were greater in the veloc-
ity group (+11.4% to +21.7%) compared with the
strength group (+7.1% to +12%) (Table IV).

Curve analysis

Figure 1 displays for both trained groups the veloc-
ity and power measurements, at every 5% of total lift-
ing time before and after the training period, for the
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lowest and highest relative loads (respectively, 35% and
95% of 1-RM). The improved part of lifting system-
atically occurred earlier in the strength group in com-

-parison with the velocity group. In contrast, velocity

and power values showed greater improvement in the
velocity group during the last part of the movement.

Velocity and power curves are both characterized
by two separate phases. The accelerating and decel-
erating phases correspond, respectively, to the increase
and decrease in velocity, while the propulsive and
braking phases correspond, respectively, to positive
and negative power. The proportion of acceleratiori
and propulsive phases systematically increases with
load (P<0.001). Specific training modified the pro-
portions of these phases. Responses recorded at 35%
of 1-RM were as follows: strength training did not
change accelerating phases but did increase the brak-
ing phase (P=0.052), while, interestingly, velocity
training improved acceleration and shortened the brak-
ing phase (P<0.05). At 95% of 1-RM, the accelerating
phase was reduced in both groups, but more signifi-
cantly in the strength population (p<0.01). The relative
time at which PP values arise indicates the moment that
should correspond to the most explosive part of the
lifting. After the training period, PP recorded for 35%
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of 1-RM occurred at 50% of the total lifting time in the
strength group and at 60% in the velocity group.

Discussion

In various sporting pursuits, it is important to deter-
mine how a resistance programme affects both force
and velocity performance. Isoinertial dynamometers
seem particularly appropriate in this context of evalu-
ation and have been reported to be more effective than
isometric or isokinetic dynamometers in accurately
detecting temporal changes in strength as a result of
training.18 Surprisingly, most isoinertial studies have
used the 1-RM determination in order to assess change
in maximal strength exclusively.!. 18 A few studies have
used a dynamometer to evaluate gains in force and
power after a training period.!5-16.19.20 However, in
many sports the main objective of resistance training
is not to enhance the 1-RM but rather to increase veloc-
ity and power during sub-maximal and specific con-
stant load exercise. Surprisingly, to our knowledge,
isoinertial dynamometers have rarely been used to
detect change on the velocity parameter.

In the present study, an isoinertial protocol was
designed in order to describe extensively load-power
and load-velocity relationships and to highlight possible
effects of training. The results of the control group
suggested that no familiarization effect occurred
between the pre- and post-test. An acquaintance with
the evaluation procedure and tested exercise can result
in an increase in performance between the first and
second testing sessions when using isoinertial evalu-
ation.?! The special care that was given to the famil-
iarization session and the strict standardization of the
protocol probably explains why no significant learn-
ing effect occurred in the control group.

The present study demonstrated that isoinertial
assessment was able to monitor specific training effects.
The analysis of parameters revealed that six weeks of
strength and velocity training induced significant
improvements, not only at the specific training loads,
but also at other relative loads. These findings sug-
gest both specific and non-specific performance
enhancement. In the two training groups, non-specif-
ic adaptations were favoured by repeated practice of
loaded BP during training despite the variance in the
load to be lifted. This general improvement has been
shown to entail the development of more efficient
coordination and activation patterns within the ner-
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vous system.2 22-2¢ Such neural adaptations have been
previously described in untrained subjects and could
play a key role in the initial strength gains induced by
a resistance training programme. 17- 23. 25

Some controversy exists as to the adaptations in the
force-velocity relationship following specific resis-
tance training. Several isokinetic studies have shown
significant gains only around the training velocity,
without changing performance at distant velocities.2.
3 Other studies have revealed that resistance training
may significantly increase peak torque at a specific, as
well as other, angular velocities.* 18.26 The instruction
given to the subjects may partly explain these divergent
findings. According to Behm and Sale,? the intended
rather than the actual movement speed creates a high
velocity adaptation. According to this theory, heavy
resistance exercises, performed slowly, should improve
the speed of movement when they are carried out with
high velocity intention. In a study by Almasbakk and
Hoff,!7 two groups benefited from six weeks of BP
training using either light or heavy weights and received
the same instructions to maximize the high speed of
contraction. Interestingly, both training programmes
showed equal effectiveness in improving the maxi-
mal velocity contraction for a given absolute resis-
tance.!? In the present study, the intention to perform
heavy BP exercises with the highest velocity during
training could explain why velocity was so signifi-
cantly enhanced at non-specific light loads.

However, even where a significant increase has been
shown to occur at each load, most studies support the
velocity-specificity concept: the greatest improve-
ments concern traming velocities.s In the present study,
results were in agreement with that theory: even though
changes were significant in the whole force-velocity
relationship for both training populations, the most
significant improvements corresponded to the loads
used through specific training exercises.

Isoinertial assessment revealed that the strength
training group presented the greatest changes at the
heaviest loads, especially for average measurements.
Previous studies have confirmed that, in short term
training, the use of heavy loads represents the most
efficient method in order to improve maximal
strength.”.9-17 Wilson et al.® compared three training
groups (weight, maximal power and plyometric) and
showed that only the weight training programme sig-
nificantly increased maximal isometric strength after
5 weeks. Almasbakk and Hoff 17 investigated different
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BP training methods and confirmed a significant
improvement of 1-RM, present only in the heavy load
training group. In line with the results of the present
study, this research also demonstrated the effectiveness
of strength training in increasing performance at the
lightest loads. Such significant gains observed in the
strength group could result, as discussed above, from
the intention to lift the barbell at high velocity during
training. The fact that after a training period, the
assessed charges corresponded to a lower percentage
of the final maximal strength, could also explain why
light load barbells were lifted with an increased veloc-
ity.

The velocity group presented significant gains at
each load, but at the same time, revealed a more pro-
nounced improvement than the strength group at the
lowest relative charges used in the tests (i.e. 35% and
50% of 1-RM), suggesting a specific training response.
These adaptations remained less impressive than those
observed at 95% of 1-RM, but it is well known that
velocity trainability is more uncertain than strength
trainability.27. 2 These results highlight the ability of
our velocity training programme to develop high lev-
els of velocity in BP exercises.

When the analysis of training effects is based on
peak measurements (PP and PV), the regime for the
velocity training group clearly represents the best
method for improving performance at the lightest
loads. In addition, this method appears to be as effec-
tive as strength training at the highest loads. When
isoinertial results are based on averaged measurements
(AP and AV), the superiority of velocity training at
the lightest loads is less evident and strength training
clearly demonstrates its superior effectiveness at the
highest loads. In the present study, the comparison of
both approaches (peak vs. average) highlights results
that could be considered as contradictory. Therefore,
the choice of the parameter (average vs. peak value)
may influence the conclusion of a study, especially
when it concerns the influence of training on F-V rela-
tionships. The parametric analysis seemed insufficient
to understand completely the influence of the two spe-
cific training programmes on BP performance.

A curve analysis of velocity and power would pro-
vide additional information about how training affects
BP performance. Such a curve analysis exists but
remains unusual in the context of muscular function
assessment. Torque curves allow the detection of mus-
cle abnormalities that are not highlighted by quanti-
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tative measurements during isokinetic exercises.29
Biomechanical research has exploited isoinertial curve
analysis in order to compare variations in exercise per-
formance, such as the influence of countermovement
or projection during BP or squat exercises.!l. 30
However, no research to date has used isoinertial curve
analysis in order to study training effects.

As demonstrated by isometric studies, curve analy-
sis can reveal specific training effects that cannot be
highlighted by standard measurements. For instance,
Hakkinen 24 reported that plyometric training does not
significantly change maximal isometric strength.
However, curve analysis has demonstrated that this
training method greatly increases the rate of force
development. Conversely, Hakkinen showed that max-
imal strength training induces great change in maximal
isometric force without modifying the rate of force
development.24

With the aim of performing an accurate analysis of
training effects, the authors explored the shape of
isoinertial curves. This approach (Figure 1) reveals
that, depending on the training programme, adapta-
tion occurred in distinct phases of the movement. In
comparison with velocity training, strength training
maximized velocity and power production earlier in the
movement. This phenomenon, which could be
observed at each load, was particularly marked at 95%
of 1-RM, and accounted for the very high levels of
improvement observed for AP and AV. One might have
expected the initial phase of concentric movement to
be preferentially enhanced in the strength group,
because the strength training load stresses this early
phase of movement to a greater extent.!> Such a force
production, probably resulting from an increase in the
number of actomyosin cross-bridges in parallel and
from structural changes, remains essential for mov-
ing supra-maximal loads. This strength enhancement
may explain the success of all subjecis in this group in
lifting up the 105% load.

Conversely velocity training did not change the ear-
ly phase of movement, but improved performance
most notably in the second half of the movement. At
the 35% load level, subjects significantly increased
and delayed their maximal velocity by extending the
acceleration phase and minimizing the braking phase.
The intention to finish the movement as fast as possi-
ble might have increased the agonist activity for a
longer period, while the antagonist activity was
decreased. Such a phenomenon could result from
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spinal and/or supra spinal adaptations. At the end of BP
movement, the fast stretch of antagonist muscles
(biceps brachii, coracobrachialis, brachialis) may
release a protective reflex contraction. When it occurs
early, this response reduces the development of max-
imal velocity. The repetitive practice of fast BP exer-
cises during the training period may have delayed the
stretch reflex, allowing the production of a greater
velocity in the second half of the movement. A change
in muscle synergy and/or an agonist-antagonist acti-
vation pattern might also be evoked.23 These hypothe-
ses are supported in the case of the lightest loads by evi-
dence of a shortened braking phase (Figure 1), signi-
fying a later antagonist response.

However, these factors cannot explain the gains
observed in the case of heavy loads, and other adap-
tations are likely to have been responsible for the
increase in power and velocity. Changes in muscle
activation (change in motor unit recruitment and/or
firing patterns), in myosin heavy chain isoform, in
ATPase and consequently in maximal fibre velocity,
have already been described with short term high
velocity training 3.24.31.32 and may have induced sig-
nificant velocity improvement in the present study.
Such adaptations could also explain the fact that veloc-
ity was improved not at the outset but in the fastest
part of the movement, when fibre II recruitment is at
its maximum. Obviously these hypothetical adapta-
tions have not been verified in our study and we must
remain critical in our interpretation. The mechanisms
related to the observed adaptations deserve further
investigation. '

With regard to isoinertial parameter and curve analy-
sis, it appears that both training methods induced spe-
cific adaptation. The evidence of this study shows that
performing resistance training with short (5 to 8 reps)
maximal light load (20% to 50% of 1-RM) series is an
efficient way to improve maximal movement veloci-
ty and power, as would be expected in throwing, jump-
ing or smashing sports actions. Using heavy loads
(80% to 100% of 1-RM) appears to be the best way to
increase maximal strength. The intention to perform an
exercise as quickly as possible, especially at the end of
the movement, should be counselled in order to obtain
additionally high power and velocity improvements.
Nevertheless, it has been demonstrated that the use of
only one training method leads quickly to a plateau
phase in strength development.?# The combination of
various training methods has been shown to favour
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the greatest increase in performance.32-34 The present
isoinertial analysis underlines the complementarity of
the two studied training methods. Further research
needs to explore how far the combination of these
training methods over a longer period could improve
performance and how performance enhancement is
related to functional performance.

Conclusions

In conclusion, the present study demonstrated the
ability of isoinertial dynamometric assessment to mon-
1tor specific training effects. The use of such a mea-
surement tool demonstrates how a resistance pro-
gramme may increase exercise velocity and power at
different load levels. The findings indicate that the
parametric analysis of results should consider both
average and peak measurements in order to cover dif-
ferent specific aspects of training. Even though changes
were significant at each load for both training groups,
the most significant improvements were specific to
training modalities: strength training improved in par-
ticular AP and velocity at the highest loads, while
velocity training induced superior absolute gains in
PV at the lightest loads. The curve analysis deserved
particular attention in the training follow-up as it served
to highlight that strength training improved power and
velocity, particularly in the first part of the movement,
while velocity training improved peak performance
and delayed its occurrence. Further research should
involve the use of isoinertial dynamometers when
endeavouring accurately to plot change in neuromus-
cular performance, occurring as a consequence of free
weight training.

References

1. Abernethy P, Wilson G, Logan P. Strength and power assessment.
Issues, controversies and challenges. Sports Med 1995;19:401-17.

2. Aagaard P, Simonsen EB, Trolle M, Bangsbe J, Klausen K. Specificity
of training velocity and training load on gains in isokinetic knee joint
strength. Acta Physiol Scand 1996:156:123-9.

3. Bell GI, Petersen SR, Maclean 1, Reid DC, Quinney HA. Effect of high
velocity resistance training on peak torque, cross sectional area and
myofibrillar ATPase activity. J Sports Med Phys Fitness 1992;32:10-8.

4. Kanehisa H, Miyashita M. Specificity of velocity in strength trai-
ning. Eur J Appl Physiol Occup Physiol 1983;52:104-6.

5. Mormissey MC, Harman EA, Johnson MJ. Resistance training modes:
specificity and effectiveness. Med Sci Sports Exerc 1995:27:648-60.

6. Murphy A, Wilson G, Pryor J. Use of isoinertial force relationship in
the prediction of dynamic human performance. Eur J Appl Physiol
1994;69:250-7.

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS 63



JIDOVTSEFF

-~

. American College of Sports Medicine. Progression Models in
Resistance Training for Healthy Adults. Med Sci Sports Exerc
2002;34:364-80.

. Kraemer, WJ, And AC Fry. Strength testing: development and evalu-
ation of methodology. In: Maud PJ, Foster C editors. Physiological
assessment of human fitness. Champaign IL: Human Kinetics; 1995,
p. 115-38.

. Wilson GJ, Newton RU, Murphy AJ, Humphries BJ. The optimal
training load for the development of dynamic athletic performance.
Med Sci Sports Exerc 1993;25:1279-86.

10. Bosco C, Belli A, Astrua M, Tihanyi J, Pozzo R, Kellis S eral. A dyna-
mometer for evaluation of dynamic muscle work. Eur J Appl Physiol
1995;70:379-86.

. Cronin JB, McNair PJ, Marshall RN. The role of maximal strength and
load on initial power production. Med Sci Sports Exerc 2000;32:1763-

o0

N=3

9.

12. Jidovtseff B, Croisier JL, Lhermerout C, Serre L, Sac D, Crielaard
JM. The concept of iseinertial assessment: reproducibility analysis and
descriptive data. Isokin Exerc Sci 2006;14:52-62.

13. Rahmani A, Dalleau G, Viale F, Hautier C, Lacour JR. Validity and reli-
ability of a kinematic device for measuring the force developed dur-
ing squatting. J Appl Biomechanics 2000;16:26-35.

14, Thompson CJ, Bemben MG. Reliability and comparability of the
accelerometer as a measure of muscular power. Med Sci Sports Exerc
1999.31:897-902.

15. Wilson GJ, Murphy Al, Giorgi A. Weight and plyometric training:
effects on eccentric and concentric force production. Can J Appl
Physiol 1996:21:301-15.

16. Kraemer WJ, Keuning M, Ratamess NA, Volek J§, McConmick M, Bush
JA et al. Resistance training combined with bench-step aerobics
enhances wemen’s health profile. Med Sci Sports Exerc 2001;33:259-
69.

17. Almasbakk B, Hoff J. Coordination, the determinant of velocity speci-
ficity? ¥ Appl Physiol 1996;81:2046-52.

18. Abernethy PJ, Jurimae J. Cross-sectional and longitudinal uses of
isoinertial, isometric, and isokinetic dynamometry. Med Sci Sports
Exerc 1996;28:1180-7.

19. Kraemer WJ, Mazzetti SA, Nindl BC, Gotshalk LA, Volek JS, Bush JA
et al. Effect of resistance training on women’s strength/power and
occupational performances. Med Sci Sports Exerc 2001;33:1011-25.

20. Murphy AJ, Wilson GJ. The ability of tests of muscular function te
reflect training-induced changes in performance. J Sports Sci
1997:15:191-200.

64 THE IOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

THE ABILITY OF ISOINERTIAL ASSESSMENT TO MONITOR SPECIFIC TRAINING EFFECTS

21. Hortobagyi T, Katch E Reliability of muscle mechanical characteris-
tics for isokinetic and isotonic squat and BP exercise using a multi-
function computerized dynamometer. Res Quat Exerc Sports
1990:61:191-5.

.22. Aagaard P, Simonsen EB, Andersen JL, Magnusson P, Dyhre-Poulsen

P. Neural adaptation to resistance training: changes in evoked V-wave
and H-reflex responses. J Appl Physiol 2002;92:2309-18.

23. Hakkinen K, Kallinen M, Izquierdo M, Jokelainen K, Lassila H, Malkia
E et al. Changes in agonist-antagonist EMG, muscle CSA, and force
during strength training in middle-aged and older people. J Appl
Physiol 1998;84:1341-9.

24. Hakkinen K. Neuromuscular and hormonal adaptations during strength
and power training. A review. ] Sports Med Phys Fitness 1989;29:9-
26.

25. Rutherford O, Jones D. The role of learning and coordination in streng-
th training. Eur J Appl Physiol 1986;55:100-5.

26. Behm DG, Sale DG. Intended rather than actual movement velocity
determines velocity-specific training response. ] Appl Physiol
1993;74:359-68.

27. Missitzi J, Geladas N, Klissouras V. Heritability in neuromuscular
coordination: implications for motor control strategies. Med Sci Sports
Exerc 2004;36:233-40.

28. Thomis M, Beunen G, Maes H, Blimkie C, Van Leemputte M, Claessens
A et al. Strength training: Importance of genetic factors. Med Sci
Sports Exerc 1990;30:724-31.

29. Croisier JL, Crielaard JM. Exploration isocinétique: analyse des
courbes. Ann Réadapt Méd Phys 1999;42:497-502.

30. Walshe AD, Wilson GJ, Ettema GJ. Stretch-shorten cycle compared with
isometric preload: contributions to enhanced muscular performance.
J Appl Physiol 1998:84:97-106.

31. Van Cutsem M, Duchateau J, Hainaut K. Changes in single motor unit
behaviour contribute to the increase in contraction speed after dynam-
ic training in humans. J Physiol 1998:15:295-305.

32. Liu Y, Schlumberger A, Wirth K, Schmidtbleicher D, Steinacker JM.
Different effects on human skeletal myosin heavy chain isoform
expression: strength vs. combination training. J Appl Physiol
2003;94:2282-8.

33. Newton RU, Kraemer WS, Hakkinen K. Effects of ballistic training on
preseason preparation of elite volleyball players. Med Sei Sports
Exerc 1999:31:323-30.

34. Toji H, Suei K, Kaneko M. Effects of combined training loads on rela-
tions among force, velocity, and power development. Can ¥ Appl
Physiol 1997;22:328-36.

March 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


