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Abstract. [Purpose] The aim of this study was to determine the acute effect temporal of a complex training
protocol on 30 meter sprint times. A secondary objective was to evaluate the fatigue indexes of military athletes.
[Subjects and Methods] Seven military athletes were the subjects of this study. The variables measured were times
in 30-meter sprint, and average power and peak power of squats. The intervention session with complex train-
ing consisted of 4 sets of 5 repetitions at 30% 1RM + 4 repetitions at 60% IRM + 3 repetitions of 30 meters with
120-second rests. For the statistical analysis repeated measures of ANOVA was used, and for the post hoc analysis,
student’s t-test was used. [Results] Times in 30 meter sprints showed a significant reduction between the control set
and the four experimental sets, but the average power and peak power of squats did not show significant changes.
[Conclusion] The results of the study show the acute positive effect of complex training, over time, in 30-meter
sprint by military athletes. This effect is due to the post activation potentiation of the lower limbs’ muscles in the 30
meters sprint.
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INTRODUCTION

Post Activation Potentiation (PAP) is a method used to increase the explosive strength of a contractile activity in order
to naturally increase physical capabilities in the acute phase!). The stimulus results in two opposing outcomes: on the one
hand, there is ATP level depletion post-workout; and, on the other hand, there is an activation of the central nervous system
that lasts a few seconds in the motor endplate (this time has not been defined nor standardized). The presence of both of
these factors leads to a PAP of the stimulated musculature! ), provided that the recovery is faster than the dissipation of the
neuronal transmission.

There are a number of researchers who have tried to increase the explosive strength and velocity by generating PAP
through different activation methods®®. For example, Maio Alves et al.®) obtained a significant velocity increase with 8
weeks of training. It is worth mentioning that all the studies consulted for this article are based on the principle explained
by Sale! for the generation of PAP. All of these studies used constant resistance as activation; therefore, there is not enough
evidence to support the notion that the basic principles of PAP can be obtained with a complex training protocol.

Several of the authors mentioned in this article researched the PAP effect with constant resistance®: 19, but there is no
conclusive evidence about the changes in explosive strength due to PAP when the activation is induced by complex training.
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It seems that a valid alternative in sports training is to know the behavior of the reflex elastic explosive strength in power
zones (from 0.6 to 0.9 m/s of velocity in bar squats), and how this strength increases due to PAP in the muscles involved in
30-m sprints. Simultaneously, it is fundamental to determine how the power levels are modified during Squats by extra load
applied in order to meet the aim of the study, since diminishing the power would decrease the PAP effect.

The main aim of the study was to determine the acute temporal effect of complex training with squats on 30-m sprint
times. As a secondary aim, fatigue indexes of military athletes were analyzed. These indicators show the variation of the
average power and the maximum power of the squat during complex training.

SUBJECTS AND METHODS

Developing exercises with elite athletes is a privilege only a few researchers have; however, doing so presents a few
methodological issues. It is common for elite athletes to be a very small sample; fortunately, there are experimental designs
that facilitate such work with reduced and specific samples. Using the same subjects in a controlled condition and the experi-
mental condition is one of the most widely-used strategies in research involving people. Seven male subjects participated
in this study. A quasi-experimental intra subject design was used together with a control condition and an experimental
condition; both of the latter two conditions were conducted 48 hours apart. Before any intervention, all the subjects were
measured for their weight, and size and thickness of their skinfold. All the subjects of the study were requested to restrain
from ingesting caffeine, drugs, or any substance that could increase their metabolism during the course of the experiment.

Seven male military athletes of the Chilean Navy (age: 25.0 £ 2.6 years; weight: 67.1 + 2.0 kg; height 172.7 + 3.6 cm,
Body Mass Index: 22.5 + 1.0 kg/m2; body fat percentage: 12.0 £ 2.6%) (Table 1) were enrolled in the study. Each athlete and
their coach was informed about the aim of the study and the possible risks of the experiment, and they all signed a consent
form before participating in the study. The signed consent form and the study were approved by the Research Ethics Com-
mittee of Universidad de Granada, Spain (register n® 933).

For the characterization of the sample, weight and height were measured with a HEALTH O METER PROFESSIONAL®
Scale and Stadiometer. Skinfolds were measured with a F.A.G.A.® caliper. Using the Durnin & Womersley'" method, the
skinfolds of the biceps, triceps, subscapularis, and supraspinatus were measured to determine the fat percentage.

Standard warm-up: For the evaluation of one repetition maximum (1RM), the control set, and the treatment based on
complex training, the standard warm-up consisted of a 10-minute jog. During the first 5 minutes, subjects performed a low-
intensity run and in the next 5 minutes they added some ballistic movements to the lower limbs (hip adductions, abductions,
flexion and extension, and knee and ankle flexion and extension).

Base Line: For the evaluation of IRM, Encoder Lineal CHRONO JUMP® and CHRONOJUMP Version 1.4.6.0® software
were used. The 1RM evaluation was performed indirectly through the formula proposed by Sanchez-Medina et al'?. Twenty-
four hours after the 1RM evaluation, a control set was performed that consisted of 4 sets of 1RM 60% squats. The aim of
this was to verify the vertical speed of the bar of each subject!'?) by determining the peak power and average power of squats.
Furthermore, three 30-m sprint sets were evaluated using a CHRONO JUMP PHOTOCELL® and the CHRONOJUMP
Version 1.4.6.0® software. The times were measured at the starting point, and 10 m, 20 m, and 30 m.

Protocol: The intervention session with complex training consisted of: 4 sets of 5 repetitions of 30% IRM + 4 repetitions
of 30% 1RM + 3 repetitions of 30-meter sprint with two-minute resets between repetitions of 30-meter sprint (Fig. la and
1b).

During the protocol of complex training with squats, the vertical velocity of the bar in the low intensity (30% 1RM) and
high intensity (60% 1RM) tasks in each set was monitored. This analysis verified the presence of fatigue over the course of
the intervention. Also, all 30-meter sprint repetitions were evaluated (3 repetitions per set) in order to determine the appear-
ance of PAP (Fig. 2).

The minimum times of the 30-meter sprints (10 m, 20 m and 30 m), and average power and peak power were submitted to
the Kolmogorov-Smirnov (K-S) test. Repeated measures ANOVA test was used to analyze the differences among the control
sets and the four complex training sets. The effect size for this analysis was calculated using the partial Eta-squared test.

For Post hoc analysis, student’s t-test was conducted on those variables that showed significant differences in the repeated
measures ANOVA test. The following comparisons were carried out using student’s t-test: control sets vs. experimental set 1

Table 1. Characteristics of the sample (means + SD)

Experimental group (n=7)

Age (years) 250£2.6
Height (cm) 172.7+3.6
Weight (kg) 67.1+2.0
BMI (kg/m?) 22.5+1.0
Fat percentage 12.0+2.6

BMI: body mass index; SD: standard deviation
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(Pair 1), control set vs. experimental set 2 (Pair 2), control set vs. experimental set 3 (Pair 3), and control set vs. experimental
set 4 (Pair 4). The size of the effect for this analysis was calculated using Cohen’s d test with the following effect scale:
insignificant (d <0.2), small (d = 0.2 — 0.6), moderate (d = 0. — 1.2), large (d = 1.2 — 2.0), and very large (d > 2.0). The level
of significance for all statistical analysis was p < 0.05. Data analysis was carried out with the GRAPHPAD INSTAT Version
3.05® software.

RESULTS

According to ANOVA, the partial times of the 10-meter and 20-meter sprints did not show any significant differences
between the control set and the 4 experimental sets (p = 0.46 and p = 8.80). However, was there a significant decrease in the
30-meter time between the control set and the 4 experimental sets (p = 0.0001).

The decrease in the minimum time of the 30-meter sprint was attributed to PAP in the lower limb muscles activated by the
complex training. The control set and the 4 experimental set results are shown in Table 2.

The average power and peak power of squats did not show any significant changes between the control set and the 4
experimental sets (p = 0.52 and p = 0.45). The progressions and changes are shown in Table 2.

In post hoc analysis, the control set and the 4 experimental sets were examined in pairs. There were significant differences
in all categories. The results of Student’s t-test for all 4 pairs of results are shown in Table 3.

DISCUSSION

Regarding the first aim of the study, the results of ANOVA showed a positive temporal acute effect of complex training
in 30-meter sprints performed by military athletes. This positive effect was a consequence of PAP in the muscles used in the
sprint, as a result of higher phosphorylation of the light chains of muscular miosine?. It is also important to mention that in
the post hoc analysis, the size of the effect in the student’s t-test was large in all the pairs evaluated. Similar to this study,
Okuno et al.” researched PAP conducting complex training for the lower limbs, and found a significant increase in the sprint
velocity in the repeated sprint ability (RSA) test (p = 0.01) (30 meters with a change of direction at 15 meters). However,
Lim et al.'¥ did not find any significant differences among the 10-m, 20-m, and 30-m sprint times. They tried to elicit acute
PAP with Squats using constant resistance. Possibly, the weight increase (load) used in the present study elicited PAP in the
30-meter sprint muscles, since both this study and the study performed by Okuno et al.”) used complex training with squats

| WEEK 1 | I WEEK 2 | | 0 meter | | 10 meter I | 20 meter l l 30 meter
| THURSDAY || MONDAY ||  WEDNESDAY | — — — ——
MAXIMUM : : : : .
REPETITION CONTROL SET EX&ES%%%{“ RES : : :
SQUATS TEST (DAY 3) (DAY 9 : : : i
(DAY 1) R2 | -4 : : : >
Control Set: Experimental Sets: : : :
*1x4 at 60% IRM *4 Sets RS |3 : i >
Incremental Test *1x5 at 30% 1RM . : H
0
*1x4 at 60% 1RM L
[330-m Sprints | [330-m Sprints |

Fig. 1a. Experimental protocol in complex training in squats
IRM: 1 repetition maximum; 30-m: 30 meters sprints

Set 1-4:
*1x5 at 30% 1RM R1 (first repetition of 30-m); R2 (second repetition of 30-m); R3 (third repetition of 30-m);
*1x4 at 60% 1RM
--4 (photocell).
*3 30-m sprints l l(p otocell)
Pause of 120 s Ix4at
(155-1355-2555) . . . o .
60% IRM Fig. 2. Sequence of 30-m sprint repetition in experimental pro-
Ix5at

30% IRM tocol

Peak power (W) .

Average power (W) Sprint time (s)

Fig. 1b. Design of experimental protocol with complex training
IRM: 1 repetition maximum; 30-m: 30 meters Sprints; s:seconds;
R1: first repetition of 30-m; R2: second repetition of 30-m; R3:
third repetition of 30-m; W: Watts
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as an activation method.

In the literature, there are several studies which investigated the chronic effect of complex training on PAP over different
sprint distances> '3-17)_ but only a few studies have demonstrated significant changes in sprint time and velocity over 30 m>),
and/or demonstrated a positive correlation between explosive force tests (squat jump) versus sprints'7). Similarly, PAP was
only elicited acutely in those cases where complex training was conducted. In the studies where constant resistance was
applied, the variables measured showed no significant changes® '9). It seems that working with constant resistance causes the
neuromuscular system to stabilize, limiting PAP and, in consequence, explosive strength events. In contrast, complex training
activates the neural system, but does not trigger fatigue in athletes. The combination of both processes generates PAP and an
increase in the explosive strength, and in this study, it generated a better performance in 30-m sprints.

Regarding the second aim of the study, the ANOVA results show there were no significant changes in the peak power and
average power of squats (p = 0.45; p = 0.53). Similar to this study, Marques et al.'® reported the bar velocity, peak power,
and average power of throwing a handball; however, these researchers did not evaluate PAP as a study variable. Walker et
al.!” observed the chronic effects of complex training on PAP and the fatigue index, and found a substantial increase in the
active strength (p<0.05), as well as a substantial increase in the muscular fatigue after the activation (p<0.05). The evidence
shows that long-term workouts increase the fatigue index, but there is no conclusive evidence to support the generation
of neuromuscular fatigue with complex training of 60% 1RM, since this study PAP in 30-meter sprints. If athletes had
experienced fatigue, it is likely that they would not have shown potentiation'- 2 20: 2D,

The present results shown indicate that complex training activation elicits PAP as evidenced by the 30-meter sprint of
military athletes. This PAP is clearly seen in the significant decrease in the minimum times of the 30-meter sprints, and the
lack of variation in the peak power and average power of the control set and the 4 experimental sets. Therefore, working with
4 sets of 5 repetitions of 30% 1RM + 4 repetitions of 60% 1RM + 3 repetitions of 30-meter sprints with a 120-second rest,
seems to be a valid way of developing explosive strength in the lower limbs.

From a practical point of view, the application of complex training for physical capacity is a good method of increasing
explosive strength levels in the lower limbs, since it stimulates two physical capacities simultaneously, increasing both
muscular strength in the back squat series and explosive strength in 30-m sprints. It is our suggestion that complex training
should be performed with load in power zones (from 0.6 to 0.9 m/s of velocity in bar squats) in the pre-competition and
competition phases, since it stimulates the central nervous system without causing fatigue in the muscles used in the 30-m
sprint. Finally, it is our suggestion that all movements, either back squats or 30-m sprints, should be executed at the fastest
speed of movement possible.

Table 2. Results (means [SD]) of post activation potentiation (PAP) elicited by complex training with squats for the control set and
the four experimental sets

Variables Control set Set 1 Set 2 Set 3 Set 4
Means (SD) Means (SD) Means (SD) Means (SD) Means (SD)
Time in 10 m (s) 1.68+0.08 1.66+0.12 1.67+0.10 1.68+0.12 1.71£0.12
Time in 20 m (s) 3.00+0.14 2.97+0.16 3.01+0.16 2.99+0.17 3.01+0.16
Time in 30 m (s)** 4.57+0.23 4.22+0.20 4.27+0.20 4.23+0.23 4.23+0.21
Average power (W) 579.2+133.2 592.4+110.0 587.8+115.6 584.4+144.5 625.4+143.9
Peak power (W) 1,451.2+216.1 1,368.5+176.7 1,451.3+£210.2 1,424.5+279.1 1,451.2+285.7

SD: standard deviation; **p<0.0001

Table 3. Post hoc analysis of 30-m sprint times after post activation potentiation (PAP)
elicited by complex training: control set vs. the four experimental sets

Contrast among conditions Control set Sets
(Control Set — Sets ) Means (SD) Means (SD)
Pair 1 Control set Set 1
Time (s)* 4.57+£0.23 4.2240.20
Pair 2 Control set Set 2
Time (s)* 4.57+0.23 4.27+0.20
Pair 3 Control set Set 3
Time (s)* 4.57+0.23 4.23+0.23
Pair 4 Control set Set 4
Time (s)* 4.57+0.23 4.23+0.21

s: seconds; SD: standard deviation; *p<0.01

755



REFERENCES

1) Sale DG: Postactivation potentiation: role in human performance. Exerc Sport Sci Rev, 2002, 30: 138—143. [Medline]
[CrossRef]

2) Sale D: Postactivation potentiation: role in performance. Br J Sports Med, 2004, 38: 386—387. [Medline] [CrossRef]

3) Ogaya S, Takahashi H, Shioiri M, et al.: Changes in electromyographic activity after conditioning contraction. J Phys
Ther Sci, 2012, 24: 979-983. [CrossRef]

4) Lesinski M, Muehlbauer T, Biisch D, et al.: [Effects of complex training on strength and speed performance in athletes:
a systematic review. Effects of complex training on athletic performance]. Sportverletz Sportschaden, 2014, 28: 85-107.
[Medline]

5) Garcia-Pinillos F, Martinez-Amat A, Hita-Contreras F, et al.: Effects of a contrast training program without exter-
nal load on vertical jump, kicking speed, sprint, and agility of young soccer players. J Strength Cond Res, 2014, 28:
2452-2460. [Medline] [CrossRef]

6) Maio Alves JM, Rebelo AN, Abrantes C, et al.: Short-term effects of complex and contrast training in soccer players’
vertical jump, sprint, and agility abilities. J Strength Cond Res, 2010, 24: 936—941. [Medline] [CrossRef]

7) Okuno NM, Tricoli V, Silva SB, et al.: Postactivation potentiation on repeated-sprint ability in elite handball players. J
Strength Cond Res, 2013, 27: 662—668. [Medline] [CrossRef]

8) Lee C, Lee S, Yoo J: The effect of a complex training program on skating abilities in ice hockey players. J Phys Ther
Sci, 2014, 26: 533—-537. [Medline] [CrossRef]

9) Whelan N, O’Regan C, Harrison A: Resisted sprints do not acutely enhance sprinting performance. J Strength Cond
Res, 2014, 28: 1858-1866. [Medline] [CrossRef]

10) Ramos Veliz R, Requena B, Suarez-Arrones L, et al.: Effects of 18-week in-season heavy-resistance and power train-
ing on throwing velocity, strength, jumping, and maximal sprint swim performance of elite male water polo players. J
Strength Cond Res, 2014, 28: 1007—-1014. [Medline]

11) Durnin JV, Womersley J: Body fat assessed from total body density and its estimation from skinfold thickness: mea-
surements on 481 men and women aged from 16 to 72 years. Br J Nutr, 1974, 32: 77-97. [Medline] [CrossRef]

12) Sanchez-Medina L, Perez CE, Gonzalez-Badillo JJ: Importance of the propulsive phase in strength assessment. Int J
Sports Med, 2010, 31: 123-129. [Medline] [CrossRef]

13) Bautista 1J, Chirosa 1J, Chirosa LJ, et al.: Development and validity of a scale of perception of velocity in resistance
exercise. J Sports Sci Med, 2014, 13: 542-549. [Medline]

14) Lim JJ, Kong PW: Effects of isometric and dynamic postactivation potentiation protocols on maximal sprint perfor-
mance. J Strength Cond Res, 2013, 27: 2730-2736. [Medline] [CrossRef]

15) Cormie P, McGuigan MR, Newton RU: Adaptations in athletic performance after ballistic power versus strength train-
ing. Med Sci Sports Exerc, 2010, 42: 1582—1598. [Medline] [CrossRef]

16) Shalfawi SA, Haugen T, Jakobsen TA, et al.: The effect of combined resisted agility and repeated sprint training vs.
strength training on female elite soccer players. J Strength Cond Res, 2013, 27: 2966—-2972. [Medline] [CrossRef]

17) Ferrete C, Requena B, Suarez-Arrones L, et al.: Effect of strength and high-intensity training on jumping, sprinting,
and intermittent endurance performance in prepubertal soccer players. J Strength Cond Res, 2014, 28: 413—422. [Med-
line] [CrossRef]

18) Marques MC, van den Tilaar R, Vescovi JD, et al.: Relationship between throwing velocity, muscle power, and bar
velocity during bench press in elite handball players. Int J Sports Physiol Perform, 2007, 2: 414—422. [Medline]

19) Walker S, Ahtiainen JP, Hikkinen K: Acute neuromuscular and hormonal responses during contrast loading: effect of
11 weeks of contrast training. Scand J Med Sci Sports, 2010, 20: 226-234. [Medline] [CrossRef]

20) Tillin NA, Bishop D: Factors modulating post-activation potentiation and its effect on performance of subsequent ex-
plosive activities. Sports Med, 2009, 39: 147-166. [Medline] [CrossRef]

21) Seitz LB, Reyes A, Tran TT, et al.: Increases in lower-body strength transfer positively to sprint performance: a system-
atic review with meta-analysis. Sports Med, 2014, 44: 1693—1702. [Medline] [CrossRef]

756 J.Phys. Ther. Sci. Vol. 28, No. 3, 2016


http://www.ncbi.nlm.nih.gov/pubmed/12150573?dopt=Abstract
http://dx.doi.org/10.1097/00003677-200207000-00008
http://www.ncbi.nlm.nih.gov/pubmed/15273166?dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2002.003392
http://dx.doi.org/10.1589/jpts.24.979
http://www.ncbi.nlm.nih.gov/pubmed/24599505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24626140?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000000452
http://www.ncbi.nlm.nih.gov/pubmed/20300035?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181c7c5fd
http://www.ncbi.nlm.nih.gov/pubmed/22561976?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31825bb582
http://www.ncbi.nlm.nih.gov/pubmed/24764628?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.533
http://www.ncbi.nlm.nih.gov/pubmed/24378662?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000000357
http://www.ncbi.nlm.nih.gov/pubmed/24077370?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4843734?dopt=Abstract
http://dx.doi.org/10.1079/BJN19740060
http://www.ncbi.nlm.nih.gov/pubmed/20222005?dopt=Abstract
http://dx.doi.org/10.1055/s-0029-1242815
http://www.ncbi.nlm.nih.gov/pubmed/25177180?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23302751?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3182815995
http://www.ncbi.nlm.nih.gov/pubmed/20139780?dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181d2013a
http://www.ncbi.nlm.nih.gov/pubmed/23442286?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31828c2889
http://www.ncbi.nlm.nih.gov/pubmed/24473467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24473467?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e31829b2222
http://www.ncbi.nlm.nih.gov/pubmed/19171959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19422641?dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0838.2009.00914.x
http://www.ncbi.nlm.nih.gov/pubmed/19203135?dopt=Abstract
http://dx.doi.org/10.2165/00007256-200939020-00004
http://www.ncbi.nlm.nih.gov/pubmed/25059334?dopt=Abstract
http://dx.doi.org/10.1007/s40279-014-0227-1

