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Synopsis:

Twelve Danish athletic sub-elite sprinters (six female and
six male) were tested to determine the acute effect of a
heavy back squat and sled towing, an 40 meter maximal
sprint performance. The study consisted of a repeated
measures design with three experimental conditions.
During the control (CON) intervention, the participants
performed a 30 minutes warm up, then a six minutes rest
before performing a 40 meter maximal sprint test. For the
squat intervention (5Q), the participants performed a 30
minutes warm up then one set of three repetitions 90% of
one repetition maximum {1RM). The participants then had
a six minutes rest before performing a 40 meter maximal
sprint test. For the sled towing intervention (SL), the
participants performed a 30 minutes warm up then a 15
meter maximal sled towing sprint. The participants then
had a six minutes rest before performing a 40 meter
maximal sprint test. The results showed no significance
between the three interventions P=0.146 in the ANAOVA
test

Ropportens indhold er frit tilgazngeligt, men offentfggarelse (med kildeangivelse] md kun ske efter aftale med forfotterne.
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Abstract

Twelve Danish athletic sub-elite sprinters (six female and six male) were tested to determine the acute
effect of a heavy back squat and sled towing, on 40 meter maximal sprint performance. The study consist-
ed of a repeated measures design with three experimental conditions. During the control (CON) interven-
tion, the participants performed a 30 minutes warm up, then a six minutes rest before performing a 40
meter maximal sprint test. For the squat intervention (5Q), the participants performed a 30 minutes warm
up then one set of three repetitions 90% of one repetition maximum (1RM). The participants then had a
six minutes rest before performing a 40 meter maximal sprint test. For the sled towing intervention (SL),
the participants performed a 30 minutes warm up then a 15 meter maximal sled towing sprint. The partic-
ipants then had a six minutes rest before performing a 40 meter maximal sprint test. The results showed

no significance between the three interventions P=0.146 in the ANAOVA test.
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Introduction

Recent research has shown that performing muscu-
lar contractions under near maximal load condi-
tions improves subsequent performance during
movements requiring large muscular power out-
puts of the stimulated muscle groups. These in-
creases in performance have been attributed to a
postactivation potentiation (PAP) (1,2,3,4).

PAP is defined as an increase in the contractile abil-
ity of muscle after a bout of previous contractions.
Therefore, PAP may enhance the capacity of mus-
cle to produce more force at a faster rate following
subsequent muscle contractions. This means that
performance in a vertical jump or sprint may be
enhanced following a set of, heavy back squats
(5,6,7,8,9,10,11).

One of the underlying biochemical processes re-
sponsible for these changes in phosphorylation of
regulatory light chains, which occurs as a result of
the calcium (Ca®) release during the initial muscle
contraction, which make the protein filaments ac-
tin and myosin more sensitive to the release of cal-
cium (Ca2+), and this triggers a cascade of events
to enhance the muscle response. This means the
force of the each successive twitch contraction is
increased. The most important muscle characteris-
tic affecting the magnitude of PAP is fiber type. The

greatest potential for enhanced PAP is in muscles
with the highest proportion of Type Il fibers.

The recruitment and expression of the high order
motor units offer a secondary mechanism to ex-
plain PAP response of muscles.

Contractile activity produces both fatigue and PAP,
and it is the balance between the two that deter-
mines whether the subsequent contractile re-
sponse is improved, diminished, or unchanged (12).
The heavy back squat exercise has proven to be an
effective exercise for improving athletic perfor-
mance and also sprint performance (10).

Several studies have also examined sprint perfor-

mance following a high force heavy back squat

intervention (5,6,7,8,9,10,11). McBride et al. (8)

assessed 40-meter sprint performance in colle-

giate football players and reported a decrease in

completion time subsequent to 1 set of 3 back

squat repetitions at 90% 1RM. In similar fashion,

Yetter and Moir (5)found increased speed during

the 10-20 and 30-40 meter intervals of a 40-meter

sprint after a back squat intervention consisting of

5 repetitions at 30% 1RM, 4 repetitions at 50%

1RM, and 3 repetitions at 70% 1RM in football,

track and field, and weightlifting athletes. Though

the quantity of research investigating linear speed

and acceleration after a potentiating exercise, it

appears that a heavy back squat could potentially

reduce sprint times (5).



Whereas squat has been investigated in several
studies, the amount of studies with focus on the
acute effect of sled towing is none. All of the stud-
ies are focusing on the changes in the kinematics
during sprints, with sled towing (19-20).
Other studies have been focusing on the effect of
resisted sprint after a training intervention
(13,14,15,16,19).
Resisted sprint running is a common training
method for improving sprint-specific strength (17-
18). For maximum specificity of training, the ath-
lete’s movement patterns during the training ex-
ercise should closely resemble those used when
performing the sport. There are several forms of
resisted sprint methods, which are used in train-
ing (14,19). In this study, resisted sprint by sled
towing will be used to achieve PAP. The use of
heavy back squat is a well-known exercise for im-
proving sprint performance. Even though it does
not have the same resemble as resisted sprint
The reason why these two methods are inter-
esting is because they can be used in sports were
the athlete has to make only one all out perfor-
mance. The study will be interesting for single-
effort power sports (sprint, high jump, weightlift-
ing etc.), where the athlete will do one powerful
trail, to see if PAP are having a positive effect on
the performance. The purpose of this study is to
investigate the acute effect of performing heavy
back squat and sled towing prior to performing a
40 meter sprint test.

It was hypothesized that both heavy back
squat and sled towing would have a reduction on
40 meter sprint times.

Method and materials

Experimental Design

This study utilized a repeated measures design,
incorporating a control condition (CON) and two
different interventions conditions. One interven-
tion was heavy back squat (SQ). And the other in-
tervention was sled towing (SL). Testing was con-
ducted using a randomized design, wherein par-
ticipants acted as their own controls.

Participants
Twelve individuals participated in this study (six

female and six male). The participants were Dan-
ish sub-elite track & field sprinters, who were ac-
tive competitive athletes who specialized in

sprints and hurdles events. The participants were
competing at both Regional competitions and na-
tional competitions and from Aalborg Athletic &
Motion.

Characteristic Mean | SD
Age (Years) 20.1 3.3
Height (cm) 1745 | 7.2
Body mass (kg) 66.3 7.1
1 RM (kg) 141.2 | 35.7
Track & Field experience (Years) 4.4 3.9
Competitions per year (average the 7.8 2.4
last two years)

Total training experience (Years) 14.2 4.4

Table 1. Descriptive characteristics of the participants

The total training experience includes the other
sports that the participants had competed in dur-
ing their sports carrier before track & field. The
sports that most of the participants had competed
in were football, handball, badminton, swimming
and gymnastics. But also sports as judo, water po-
lo, dancing and weightlifting were among them.

Procedures

The participants participated in five test sessions:
The first session was when the participants had a
one repetition maximum (1RM) heavy back squat
determination session. The second session was a
familiarization session the week before the subse-
guent test sessions, were the participants had four
maximal 40 meter sprints, and a 15 meter maximal
sprint sled towing, to get used to the tasks. The
three PAP testing sessions (CON, SQ and SL) was
performed in one week, with a day of rest be-
tween every session. The order of the PAP sessions
was randomized across the participants.
(Appendix)

The 40 meter tests were performed in spikes
and the participants were told to do a standing
start for the test and run as fast as possible during
the test. The participants were also told to wear
the same clothes at all days.

Strength testing

The heavy back squat was performed in a power
cage. The pins in the power cage were adjusted to
allow the subject to descend to the point where
there was 90 degrees between Femur and Tibia.
The feet’s placements were parallel or close to
parallel. This is a subjective assessment therefore
the participants coach where present at the all the
sessions, to make sure that the same depth were
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reached during the heavy back squat. An attempt
was considered successful when the movement
was completed through a full range of motion
without deviating from proper technique and
form. Spotters were present to provide verbal en-
couragement and safety for the participants.

Picture 1: Demonstrates the heavy back squat performed
| the power cage

1RM for the heavy back squat was determined
using basically the protocol out-lined by Baechle
and Earle (17). but with few adjustments in the
amount of kg of increase.

The participants completed two sets with light
weight to allow 5-10 repetitions. Increasing
weight and doing one set 3-5 repetitions. Finally
one set of 2-3 repetitions heavy weight. Then in-
creasing the weight at near maximum weight and
doing one attempt. If the attempt was successful
an increase of 10 kg was made. If the attempt
failed then the subject had one more attempt at
the same weight. Fail again then the weight was
reduced by 5 kg. The subject had one attempt at
that weight.

Warm up

Before the SQ, SL and CON sessions the partici-
pants completed a standardized warm up. The
warm up included 10 minutes jogging, followed
10 minutes dynamic stretch. After stretching 10
minutes sprint specific technique drills was per-
formed before running two to four submaximal
and maximal short sprints. Because the partici-
pants were their own controls, they were allowed
to do their own routine during the dynamic
stretching and during the sprint specific technique
drills. The participants did the same routine at
every test session.

CON, SQ and SL protocol

For the CON session the participants did the warm
up. After the warm up there was a six minutes rest
before the 40 meter maximal sprint test was per-
formed.

For the SQ session the participants did the stand-
ardized warm up. The participants then changed
shoes and walked to a free -weights room, rest
period were about 2 minutes. In the free -weights
room the participants performed one set of three
reps. on 90 % of 1RM (1x3 90% of 1 RM) in the 90°
back squat. After the heavy back squat exercise,
the participants had six minutes rest, where they
changed back to their spikes. After the rest period
the participants performed a 40 meter maximal
sprint test.

Picture 2: Demonstrates the 90 degrees between Femur
and Tibia during the heavy back squat.

For the SL session the participants did the stand-
ardized warm up. After warm the participants per-
formed a 15 meter maximal sprint sled towing.
The weight of the sled was 12,6 % of body mass
and was decided from the results from Alcaraz et
al. (21) shown in table two. Alcaraz et al. (21) used
results from Lockie et al. (20).
The equation used to calculate the load for the
sled. % Body mass = (-1.96 x % velocity) + 188,99
where % velocity = the required training velocity as
a percentage of maximum velocity (e.g., 90% of
maximum). This study uses the load for 90% of
maximum velocity.

Example of calculation with a participant
weighing 65 kg.
12,6=(-1.96 x 90) + 188,99. Load for a participant
12,6% off body mass on the sled.
65kg*100/12,6=8,18 kg.

Table 2 illustrates the optimal load for sled towing
during acceleration sprints. The athletes were per-
forming a standing start, with the line to the sled
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stretch out.

When the 15 meter sprint was performed, there
was a six minutes rest period, before the partici-
pants performed a 40 meter maximal sprint test.

Maximum velocity percentage

Individual body

mass (kg) 90% 92.5% 95%
120 156.11 9.23 3.35
115 14.48 8.84 3.21
110 13.85 8.46 3.07
106 13.22 8.07 2.93
100 12.59 7.69 2.79
95 11.96 7.31 2.65
90 11.33 6.92 2.51
85 10.70 6.54 237
80 10.07 6.15 2.23
75 9.44 B5.77 2.09
70 8.81 5.38 1.95
65 8.18 5.00 1.81
60 7.55 4.61 1.67
55 6.92 4.23 1.53
50 6.30 3.85 1.40
45 587 3.46 1.26

Table 2: Tabel made by Alcaraz et al. illustrates the

amount of kg. The participants need as resistance during
sled
Towing.

Picture 3: Demonstrates the standing start performed with
sled.

40 meter sprint measurement.

All three test sessions were completed between 5
pm. and 7 pm. The sprint tests were performed
on a synthetic running track (Conipur SP. Spray
Coating System, Schaffhausen, Switzerland).
Sprint times of the 40 meter test were measured
using an infrared timing system (Eleiko Sport Tine-
It, Halmstad, Sweden). Photocells were placed
one meter wide from each other and a set at the
starting line and one set at the finish line.

The cells were placed in the height of 70 cm at the
start and in the height of 100 cm at the finish line.
Participants were performing a standing starting
30 cm behind the first cell. The participants were
at the starting line, they decided them self when
they were ready and wanted to start the test.

Temperatures were measured by using a digital
thermometer (TFA 30.1025 Vision, Denmark).
Wind was measured for every test. It was meas-
ured by using a (Compact Wind Gauge, Torrance,
USA). All tests were made at the same section of
the track, and always in a direction that gave the
participants tailwind at the three test sessions.

Statistical analysis

All statistical analyses were performed using the
statistical software SPSS for Windows (version
19.0; SPSS Inc., Chicago, lll.)

The Kolmogorov-Smirnov test was applied to eval-
uate whether data resembled a normal distribu-
tion. A one-way ANOVA with repeated measures
was made. The a-value was set at P < 0.05 for all
analyses.

Results

The Kolmogorov-Smirnov results indicated that all
data were normal distributed.

| table 3 are the means and SD of the weight in the
heavy back squat and also the weight of the sled in
sled towing. Table 4 shows means and SD for the
temperature measured during the test sessions. In
table 5 are the means and SD for the tailwind
measured during the test sessions.

A one way ANOVA with repeated measures was
made on the results of temperature and tailwind.
Temperature was not different p=0.23 neither was
the tailwind different p=0.109.

Kg. of heavy back | Kg. of sled
squat (90% 1RM)

Mean 127.04 8.4

SD 32.09 0.9

Table 3: Mean and SD for the kg lifted in the heavy back
squat and on the sled in sprint with sled towing.

Tempera-

ture. (°C) Con sQ SL

Mean 14.3 14.7 15
SD 2.1 2.0 1.8

Table 4: Mean and SD for the temperature for each inter-
vention. Measured in Celsius.



Tailwind.

m/s Con sSQ SL

Mean 1.02 0.93 1.03
SD 0.68 0.55 0.58

Table 5: Mean and SD for the wind for each intervention.
Measured in m/s.

Sprint time was not different p=0.146. The results
from the ANOVA indicated there were no signifi-
cant differences between CON, SQ and SL inter-
vention. Times for each subject, means and SD for
all participants are shown in table 6.

Time

Subject Con SQ SL
1 5.8 5.75 5.83
2 5.19 5.04 5.07
3 5.2 5.11 5.23
4 5.86 5.87 5.87
5 5.87 5.43 5.45
6 5.04 5.06 5.05
7 5.94 5.22 5.87
8 5.21 5.73 5.25
9 6 6.07 6.02
10 5.95 5.88 5.82
11 6.16 6.19 6.12
12 5.37 5.39 5.48
Mean 5.63 5.56 5.59
SD 0.40 0.41 0.38

Table 6: Times for each subject and mean and SD for all
participants. Measured in seconds.

Discussion

The purpose of the present study was to investi-
gate the acute effects of two different resistance
exercises, heavy back squat and sled towing. The
primary findings of this study indicate that there is
no acute positive effect on sprint performance. By
the measurement performed the wind and tem-
perature could not have influence on the results
performed by the participants. All the participants
completed the repetitions in the SQ intervention
and sprinted 15 meter sled towing following Al-
caraz et al. guidelines (20,21). Previously, McBride
et al. (8) reported that heavy back squats (3 x 90%
1RM) performed by strength-trained participants
significantly reduced subsequent 40 meter sprint
time during a single trial, whereas 10 meter and
30 meter sprint times were not significantly
changed. Other studies have also shown a reduc-
tion in sprint times after performing the squat ex-

ercise(6,22).

A study suggest that to maintain load specifici-

ty in sprints, the horizontal velocity should not fall
below 90% of the athlete’s maximum velocity the-
se guidelines were used in this study (21). It is im-
portant to keep in mind that the load applied to
the athlete by a weighted sled depends on the co-
efficient of friction between the sled and the run-
ning surface and also on the weight of the sled.
Therefore, the proposed equation is specific to the
combination of sled and surface used in exactly
that study (20,21). The present study does not
consider the differences in the coefficient of fric-
tion between the sled and the running surface.
Instead of following the guidelines from Alcaraz et
al. (20,21). during the SL intervention, changes of
kg. on the sled could perhaps have had a positive
effect on the 40 meter sprint. If the weight of the
sled had been heavier, perhaps the results would
have been different. If the weight would have
been heavier, kinematic during the sprint would be
different. Stride length and frequents would
change, and the hip angle could also be different
(19). There are no studies there have investigated
the acute effect of sled towing. All studies are
training interventions. This area need further in-
vestigation, to clarify the acute effect of sled tow-
ing right before had maximal sprint.
Some points in the test protocol could have influ-
ence on the results. The six minutes rest that the
participants had between the intervention and the
40 meter test could perhaps have been too long.
The rest period in those studies that have found an
effect doing back squat before sprinting have used
four and five minutes (22). More than six minutes
rest period have been used in other PAP studies.

In the present study, the factors that could
have an effect on the results have been standard-
ized in the protocol. The factors that are out of
control such as wind and temperature have no sig-
nificant difference between the three conditions.
Factors such as the participants’ clothes and shoes,
resting periods, weight in heavy back squat and on
the sled, measurement equipment and the track
was standardized in the protocol. The participants
had resting days in between the test session, so
there was no fatigue in the last test sessions.
standardized the tests even more, the participants
should have had guidelines for factors such as nu-
trition and work load during the days in the week
were the tests were performed.



Even though the results are not significant, there
are tendencies that show faster times in the SQ
and SL intervention. The mean times for SQ are
5.56 seconds and for SL the mean is 5.59 seconds
whereas the mean for CON is 5.63 seconds. This
indicates that there perhaps can be a positive
effect from PAP. However five of the twelve par-
ticipants had the fastest time in the SQ interven-
tion but five also had fastest time during the CON
intervention, and two had the fastest time during
the SL intervention.

In the present study, PAP did not have a posi-
tive effect on sprint performance. In conclusion a
single set of 3 reps of 90% of 1RM, heavy back
squats was not found effective in acutely enhanc-
ing a 40 meter maximal sprint. Neither was a 15
meter sled towing with the amount of weight rec-
ommended by Alcaraz et al. guidelines.
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Appendix:

Time, Temperature and tailwind

Time Wind Con SQ SL
Subject Con SQ SL 1 0,5 0,8 0,7
1 5,8 5,75 5,83 2 1,1 1,3 1,7
2 5,19 5,04 5,07 3 1,3 1,2 1
3 5,2 5,11 5,23 4 0,7 0,5 0,7
4 5,86 5,87 5,87 5 0 2 1,9
5 5,87 5,43 5,45 6 1,4 1 0,4
6 5,04 5,06 5,05 7 0 0,4 0,4
7 5,94 5,73 5,87 8 1,9 1,2 1
8 5,21 5,22 5,25 9 0,5 0 0,7
9 6 6,07 6,02 10 2 1,4 1,1
10 5,95 5,88 5,82 11 1,7 0,4 0,6
11 6,16 6,19 6,12 12 1,1 1 2,1
12 5,37 5,39 5,48 Mean 1,016666667(0,933333333 1,025
Mean 5,6325| 5,561667| 5,588333 STD 0,684680859|0,546614927(0,577022136
STD 0,396143| 0,405055| 0,378029
Temp Con SQ SL
16 16 16
16 16 16
16 16 16
16 16 16
16 16 16
16 16 16
16 16 16
12 16 16
12 12 16
12 12 12
12 12 12
12 12 12
Mean 14,33333333| 14,66667 15
STD 2,059714602| 1,969464| 1,809068
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