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ABSTRACT

The aim of this study was to examine the effects of a re-
sistance training session which incorporated light loads and
high intensity contractions on performance variables associ-
ated with soccer. Six male university soccer players partici-
pated in this study. A counterbalanced within-subject re-
peated measures design was used to evaluate the impact of
a resistance training session on maximal isometric force
(MVIC), vertical jump height (VJH), muscle soreness (MS)
and muscle activation (MA). Following an acute standardized
resistance training session each subject was randomly allo-
cated to an experimental condition which incorporated either
1 day of passive rest (C1) or 2 days of passive rest (C2).
Following the rest period a soccer-specific protocol was com-
pleted. A recovery period of at least one week was provided
between ftrials. All measurements were obtained before and
immediately upon completion of the resistance training ses-
sion and at 24 hrs and both 24hrs and 48 hrs following the
completion of the training session in (C1) and (C2) respec-
tively. The main findings of this study were that high veloc-
ity/low load training produced no significant differences in
any of the measured variables in either 1or 2 day/s recovery
conditions.
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INTRODUCTION

The observable increases in competitive soccer fixtures have led to uncer-
tainty regarding the impact of resistance exercise on training regimes to opti-
mize performance. Soccer is an intermittent sport consisting of periods of low,
moderate and high intensity workloads (4). The activity pattern is character-
ized by approximately 1350 discrete movement changes during a game, with
the mean duration of any activity being 4-6 sec. A mean total of nineteen
sprints are performed, with a sprint occurring once every 4-5 min. Four sec
are spent running intensely and approximately 28 sec are spent on more aer-
obic activities (24, 32). This activity pattern requires international soccer play-
ers to have a high maximal oxygen uptake (VO,max) of between 55-
68 mlkg~"'min~" (22, 38). Additionally, a variety of more anaerobic skills such
as changing speed, jumping, cutting and kicking are exhibited, all of which re-
quire a high degree of strength to be performed explosively and repeatedly
(39, 39, 40).

Wisloff et al. (38, 39) highlighted the importance of maximal strength to
soccer performance. In these studies, conducted on soccer-players, a very
high correlation between sprint performance and jumping height with one max-
imum repetition (1RM) was reported. In agreement with Wilsoff et al. (38, 39),
Hoff (23), also stressed the relationship between 10m sprint times and (1RM)
squats, illustrating the importance of well developed strength in the legs of
soccer players.

Resistance training is a prerequisite in increasing maximal strength,
strength endurance, power and speed via adaptative physiological responses
in the musculoskeletal and neuromuscular systems (13, 14, 35). Consequent-
ly sports such as soccer, in which these components of physical fitness are
an important characteristic, have incorporated resistance exercises into peri-
odization training programmes.

The pre-season provides an opportunity to concentrate a greater amount
of time towards the ‘development’ of strength and the key components it un-
derlies e.g. power and speed (21). Moreover, pre-season training plays an im-
portant role in injury prevention (2). In-season, the objective of resistance
training is predominantly to ‘maintain’ strength levels via resistance training
which consist an effective method of improving muscular fithess (20).

Another consideration for the coach in-season is the force/velocity speci-
ficity to include in resistance training sessions to induce the appropriate adap-
tations to enhance or maintain performance variables. Training programmes
designed to produce the greatest hypertrophy are often characterized by loads
of approximately 70% (1RM), whilst programmes designed to improve strength
through increased neural coordination are commonly typified by intensities of
85%-100% (1RM) (10). Therefore, if performed in-season when insufficient
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rest time is available, this type of heavy load training may compromise com-
petitive performance (8, 9, 18). It is not well documented how other modes of
resistance loading could enhance or maintain muscle strength without the con-
comitant associated negative effects (e.g. fatigue and DOMS). Previous stud-
ies have reported that a resistance training mode which utilizes high contrac-
tion velocities with high/low loads improves strength and power (12, 16, 19,
35, 36). The use of lighter training loads (<45% 1RM) have been reported
that improve strength in contrast to heavy loads but also enables greater ve-
locities and accelerations to be achieved (10), which is related better with the
type of athletic activities performed during a 90min soccer play. Nevertheless,
little is known regarding the fatigue effects on subsequent competitive perfor-
mance using this mode of training in-season. The aim of this study was to ex-
amine the impact of a resistance training session which incorporated light
loads and high intensity contractions on performance variables associated with
soccer.

SUBJECTS

Six male university soccer players with resistance training experience vol-
unteered to take part in the study (mean £ SD:age 24 years = 3; mass
76 kg + 8; height 1.78 m £ 0.3). All individuals gave their written informed con-
sent to participate and all procedures were fully explained. Liverpool John
Moores University’s ethics committee granted ethical approval. Subjects main-
tained a normal diet and were asked to refrain from vigorous exercise and al-
cohol consumption during the course of the study. All individuals had no his-
tory of disease or musculo-skeletal abnormality and none were under any
pharmacological treatment.

Pre-Experimental procedures

Approximately 10 days prior to the actual experiment, subjects completed
full familiarisation on all experimental procedures. Subjects visited the labora-
tory several times (5 +2) to be familiarized with the procedure of performing
isometric quadriceps force with and without twitch interpolation. These famil-
iarisation sessions continued until the subject’s Maximal Voluntary Isometric
Contractions (MVIC) force and voluntary activation demonstrated repeatable
results (33). All subjects were familiar with the exercises used for the strength
training programme. Subjects were specifically engaged in squat exercises.
The weight selection to estimate the 1RM was based on each subject’s pre-
vious weights used for training and was chosen in order to fatigue the subject
in less than eight repetitions. This protocol has been used in predicting 1RM
and has been shown to be valid and reliable (5).
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Experimental design

A counterbalanced within-subject repeated measures design was used to
evaluate the impact of a resistance training session on physiological parame-
ters related to athletic performance. Following an acute standardized resis-
tance training session (see below); each subject was randomly allocated to an
experimental condition which incorporated either 1 day of passive rest (C1) or
2 days of passive rest (C2) in a cross-over fashion. Following the rest period
a soccer-specific protocol (see below) was completed. A recovery period of at
least one week was provided between conditions to minimize any bias due to
fatigue (3).

Prior to the completion of the resistance training session, perceived mus-
cle soreness (MS) was assessed using a Visual Analogue Scale (VAS) to in-
dicate the presence of any muscle damage. Next, Maximal Voluntary Isomet-
ric Contractions (MVIC) were performed to measure the force of each
participant’s quadriceps musculature. During these contractions twitch inter-
polation was superimposed on to the (MVIC) to evaluate voluntary muscle ac-
tivation. This technique was used to highlight whether any reduction in force
resulted from central fatigue or from peripheral mechanisms (6). Subsequent-
ly, Vertical Jump Height (VJH) was measured via countermovement jump
squat to provide an assessment of muscle function. This measurement incor-
porates the stretch shortening cycle which naturally occurs during sporting
performance. Furthermore, has the ability to assess fatigued muscle (27). All
of these measurements were obtained immediately upon completion of the re-
sistance training session. Additionally, all measurements were recorded at 24
hrs and both 24hrs and 48 hrs following the completion of the training ses-
sion in (C1) and (C2) respectively, and pre and post 90 min soccer-specific
intermittent exercise
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Schematic illustration of the experimental design. Each subject performed three
squat jump (VJH) and three MVCs with twitch interpolation (*) in each session.
Soreness scale (MS) completed within and between days.
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Resistance Training Session

The training protocol incorporated a squat movement (until 900 knee’s an-
gle) and emphasized high speed/ high power weight training. This involved
lifting relatively weights as quickly as possible (1, 19, 36) and was focused on
rapid hip extension. Subjects lifted a weight approximately equal to 40% of
1RM for the squat and completed 4 sets of 4-6 repetitions (10). A recovery
period of 3-5 min between sets was allocated to allow full recovery. Prior to
commencement of the training session, subjects completed a standardised
warm-up which included 5 min of motorised treadmill running at a self-select-
ed speed. Additionally, 1 set of 10 repetitions of squatting exercise was per-
formed using only the Olympic bar (7). Hamstring, quadriceps and calf stretch-
es were also included.

Maximal Voluntary Isometric Contractions and Twitch Interpolation

Maximal Voluntary Isometric Contractions

Subjects remained seated in a testing chair with the trunk vertical and a
900 flexion in the hip and knee. Velcro straps were placed across the thorax
to prevent any extraneous body movements. Force was measured from the
ankle where the attachment was connected to a strain gauge. After a warm-
up period, each subject performed three trials of 100% (MVIC) (4s duration)
during which supra-maximal twitches were superimposed. The force signal
was A/D converted with a sampling frequency 1.000 Hz. Data were acquired
for 8 seconds and analyzed with a commercial designed software program
(AcgKnowledge lll. Biopac Systems, Massachusetts).

Twitch Interpolation

As previously described by Morton et al. (33), the quadriceps were electri-
cally stimulated using two moistened surface electrodes (Chattanooga, USA,
7 x 12.7 cm) which were positioned over the vastus lateralis and distally over
the vastus medialis. Skin preparations for each electrode included shaving and
light abrasion of the skin, followed by cleansing with an isopropyl alcohol
swab. The electrodes position was marked to minimize electrode placement
variability (25). Eight single square wave electrical impulses (100us) were de-
livered during the 8 seconds sampling period. Each impulse was computer dri-
ven and was delivered at 250 V (Digimeter DS & Hertfordshire, UK). Two im-
pulses were delivered before and after the contraction. The remaining four
impulses were delivered during the (MVIC) and tested the maximality of each
(MVIC). Each subject’s superimposed current was previously determined dur-
ing familiarization sessions and corresponded to 10% above the level required
to evoke a resting twitch of maximal amplitude.
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Activation Levels

Voluntary activation was calculated to provide representation of the ability
to fully activate skeletal muscle during (MVIC). The interpolated twitch ratio
(31) was used to calculate voluntary activation. As previously described by
Morton et al. (33), the magnitude of the interpolated twitch was expressed as
a ratio of the amplitude evoked by the same stimulus delivered to a relaxed
potentiated muscle (see Eq. 1). The interpolated twitch was calculated by
recording the average force during a 100 ms period before the application of
each stimulus during the contraction and the maximal force during a 100 ms
period after each stimulus. The highest mean pre-stimulus force (MVIC force)
and the maximal post stimulus force were subsequently used for calculation
of the magnitude of the interpolated twitch. Finally, the subtraction of the
mean pre-stimulus force from the maximal post-stimulus force was used to
calculate the interpolated twitch size.

Voluntary activation = 100 {1 — (size of interpolated twitch/size of resting twitch)} (1)

Soccer-Specific Protocol

The soccer-specific intermittent exercise protocol that was completed con-
sisted of 90-min of activity. This 90-min period was divided into 2 x 45 min
identical blocks separated by 15-min intermission. The protocol was performed
on a non-motorized treadmill (Woodway, Waukesha, Wisconsin, USA) and
consisted of different exercise intensities that are similar to those observed
during match-play (e.p. walking, jogging, cruising, sprinting).The proportions
of the activities incorporated in the protocol were similar to those used by
Drust et al (11). Each half (45 min) consisted of three identical 15 min cycles.
This 15 min cycle was further sub-divided into three 5 min sub-cycles. Each
5 min activity cycle included 11 discrete bouts of activity: 3 static pauses,
3 bouts of walking, 3 bouts of jogging, 1 cruising and 1 sprint. The speeds
that these activities were carried out at were: 4, 8, 12, no speed restrictions
were placed on the sprinting as the subjects were instructed to produce a
maximum effort (11).

Vertical Jump (Countermovement Squat Jump)

Subjects performed three trials in each session. The peak jump height was
used as an indicator of the subject’'s jump performance. Jumps were per-
formed with both feet placed shoulder width apart and with hands on hips
while standing on a Jump MD platform (Takei Physical Fitness Test, Tokyo,
Japan). Subjects were instructed to bend their knees and immediately jump



THE IMPACT OF HIGH VELOCITY/LOW LOAD RESISTANCE TRAINING 33

vertically as high as possible without pausing in the bent knee position (30).
A 1 min rest period was provided between jumps.

Muscle soreness

A possible disadvantage of resistance training is the pain or discomfort
(myalgia) often felt 24 to 72 hrs after exercising; which subsides generally
within 2 to 3 days (9, 18, 28). This post-exercise soreness is also termed de-
layed-onset muscle soreness (DOMS). In the present study a Visual Analogue
Scale (VAS) was used to assess perceived muscle soreness. The VAS is a
horizontal line, 100 mm in length, anchored by word descriptors at each end,
(Figure 2). The subjects marked a vertical line on the (VAS) that correspond-
ed to their perception of their current perceived muscle soreness of the low-
er body. The (VAS) score was determined by measuring in millimeters from
the left hand end of the line to the point that the subject placed a vertical line
(37).

Statistical Analysis

Performance variables were analyzed using a within-subject two-factor
ANOVA [Condition, 2 (1 recovery day vs 2 recovery days) and Time, 4 (pre-
post resistance training and pre-post match simulation)] with repeated mea-
sures on time was used to analyze measured variables. The Greenhouse-
Geisser correction was reported to the degree of freedom in order to correct
for the potential violation of the assumption of sphericity. Pairwise compar-
isons were used to find were any significant differences occurred. Data were
analyzed using SPSS for Windows (14.0 software package) and significance
was set at p <0.05. Values are expressed as mean and standard deviation.

RESULTS

Isometric Force

No significant difference in isometric force was found between conditions
(F1, 5) = 0.038, p = 0.852, p >0.05. Mean isometric force in the 1-day re-
covery condition was 570.69 N £ 102.37 compared to 565.87 N = 95.29 in
the 2-day recovery condition. Isometric force did not significantly differ over
time (F1.737, 8.687) = 0.821, p = 0.455, p >0.05. Isometric force pre-
strength training was 556.98 N = 113.24. This value demonstrated a small in-
crease in force 572.79 N = 103.76 when measured immediately post-strength
training. Pre-match simulation isometric force was 567.53 N + 91.38 and in-
creased slightly to 575.81 = 93.60 immediately post-match simulation.
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Figure 1: Maximal isometric voluntary contraction force (mean + s).
Activation

No significant difference in muscle activation was found between conditions
(F1, 5) = 0.015, p = 0.906, p >0.05. Mean muscle activation in the 1-day re-
covery condition was 97.62% + 2.72 in comparison to the 2-day recovery con-
dition 97.78 % + 2.04. Muscle activation was not significantly different over
time (F2.230, 11.150) = 0.825, p = 0.475, p >0.05. Muscle activation re-
mained relatively constant at all measured time points, with muscle activation
recorded as 97.33% + 2.70, 97.81% £ 2.69, 98.29% + 1.57 and 97.34 + 2.59
at pre-strength, post-strength, pre-match and post match simulation time
points respectively. There was no significant condition x time interaction ef-
fect (F1.808, 9.038) = 0.707, p = 0.505, p >0.05.
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Figure 2: Muscle Activation (mean + s).
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Muscle soreness

No significant difference in muscle soreness was found between conditions
(F1, 5) = 1.116, p = 0.339, p >0.05. Mean muscle soreness in the 1-day re-
covery condition was 7.21 mm * 6.10 compared to 8.92 mm + 10.49 in the 2-
day recovery condition. Muscle soreness was significantly different over time
(F1.500, 7.501) = 30.101, p = 0, p <0.05. Significant differences in muscle
soreness occurred between pre-strength training and post-strength training,
pre-strength and post-match simulation, post-strength training and pre-match
simulation and pre-match and post-match simulation time points. Muscle sore-
ness increased from a rating of 0 mm pre-strength training to a rating of
11.75mm £ 4.45 immediately post strength training. A decreased rating of
3.83 mm + 4.06 was reported pre-match simulation; with the greatest muscle
soreness rating of 16.68 mm £ 9.42 reported immediately post-match simula-
tion. There was no significant condition x time interaction effect (F1.297,
6.487) = 3.141, p = 0.120, p >0.05.
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Figure 3: Ratings of muscle soreness (mean + s). * Significantly different from
pre-strength exercise (excluding recovery days).

Vertical Jump

No significant difference in vertical jump height was found between condi-
tions (F1, 5) = 2.168, p = 0.201, p >0.05. Mean vertical jump height in the
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1-day recovery condition was 46.29 cm * 3.41 compared to 46.88 cm + 3.93
in the 2-day recovery condition. Vertical jump height significantly differed over
time (F1.654, 8.271) = 4.564, p = 0.051, p <0.05. A significant difference in
vertical jump height occurred between pre-strength training and pre-match
simulation. Vertical jump height was 45.75 cm + 3.52 pre-strength training com-
pared to 45.92 cm + 3.58 immediately post-strength training. Pre-match simula-
tion vertical jump height was 47.83 cm + 3.88 compared to 46.83cm + 3.87 im-
mediately post-match simulation. There was no significant condition x time
interaction effect (F1.293, 6.465) = 1.869 p = 0.389, p = >0.05 (see Fig. 4).
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Figure 4: Vertical jump height (mean + s). * Significantly different from pre-
strength exercise (excluding recovery days).

DISCUSSION

The principal aim of this investigation was to determine the impact of re-
sistance exercise followed by either one or two day/s recovery on physiologi-
cal variables that related to soccer performance. No significant difference was
observed for all variables (MVIC, VJH, MS and MA). This suggests that the
two experimental trials imposed a similar physiological strain on the subjects,
irrespective of the number of recovery days. Intensive resistance exercise us-
ing heavy loads leads to a momentary decrease in muscle strength accompa-
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nied by reductions in voluntary activation of the exercised muscles (15, 17,
26). The effect of the fatigue on the neuromuscular system is related not on-
ly to the intensity but also to the specific type of the using load, the
re—covery time and the type of muscle contractions (17, 29). In the current in-
vestigation, the resistance exercise which incorporated light loads and high in-
tensity contractions produced no reduction in maximal isometric force and ver-
tical jump height after the resistance training. In agreement with isometric
force, muscle activation levels were recorded in excess of 96.64% throughout
the course of the study and indicated that subjects were able to voluntary ac-
tivate their muscles at near maximal levels (33).

The impact of the recovery rate after the resistance training may give
some advantages to estimate a proper strength training frequency. Conse-
quently, in-season, high velocity/low load resistance training may take prefer-
ence above heavy load (>80% 1RM) resistance training as it has been re-
ported that muscle force is decreased ‘several days’ after the exercise bout
with high load resistance training (8, 28). This deceased force is linked to
(DOMS) occurring approximately 8 hrs after exercise and which peaks 2 to 3
days post-exercise (8, 9, 18). This study showed that muscle soreness was
not significantly different between 1 day and 2 days of recovery (p = 0.339,
p > 0.05). The significant main effect for time showed that the post-strength
increase (11.75 mm * 4.45) in muscle soreness returned towards pre-strength
training levels prior to the pre-match simulation protocol.

Previous studies demonstrated prolonged training programmes which uti-
lizes high contractions velocities with low loads improve muscle power and in-
dicate superior results on variety performance variables (12, 16, 19, 34).
These studies stressed the importance to evaluate the effectiveness of any
training programme but they are limited in indicating the potential to nega-
tively affect athletic performance in the short term if training sessions are
scheduled too close to a competition.

In conclusion, the present study has indicated that high velocity/low load
training is relatively non-fatiguing, produces little muscle soreness or reduc-
tion in central neuromuscular drive and can allow isometric muscle force and
vertical jump height to be maintained to similar levels to those noted prior to
its application following only 1 day of recovery.
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