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Abstract

Objective: Compare the acute effects of dynamic stretching protocols on the isokinetic performance of the
quadriceps and hamstring muscles at two velocities in adult males. Methodology: Included the participa-
tion of 14 males (21 + 2.6 years; 178 + 0.4 cm; 73.2 + 20.9 kg) were assessed using an isokinetic dynamom-
eter before and after following a short or long-duration dynamic stretching protocol or a control protocol.
The results were assessed by a two-way ANOVA and a Scheffé’s post hoc test at a 5% significance level.
Results: No difference was found in the variables assessed at 180°/s after LDDS. At 60°/s, LDDS reduced
the power of the knee flexors. The control protocol reduced the power of the knee flexors and increased the
power of the extensors. At 60°/s, the work of the knee flexors exhibited a reduction after LDDS. The control
protocol resulted in a reduction in the work of the flexors. The peak torque angle exhibited a reduction in
the extensors and flexors after LDDS and SDDS. Conclusion: Dynamic stretching did not cause any change
in the peak torque, which points to its possible use in activities involving velocity and muscle strength. The
executing dynamic stretching before physical activities such as running and high-intensity sports might be
beneficial by promoting increases in heart rate and in body temperature.
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Resumo

Objetivo: Comparar os efeitos agudos de protocolos de alongamento dindmico no desempenho isocinético do
quadriceps e isquiotibiais em duas velocidades diferentes em homens adultos. Metodologia: Participaram 14
sujeitos (21 *+ 2,6 anos, 178 + 0,4 cm; 73,2 + 20,9 kg) avaliados através de um dinamdémetro isocinético, antes
e depois de seguir os protocolos de alongamento dindmico de longa e curta duragdo e protocolo controle. Os
resultados foram avaliados por uma andlise de varidncia de duas fatores e teste post hoc de Scheffé ao nivel de
significancia de 5%. Resultados: Ndo houve diferenga nas varidveis avaliadas em 180%/s apds ADLD. A 60%/s,
ADLD reduziu a forga dos flexores do joelho na concéntrica e as fases excéntrica do movimento. O protocolo
de controle reduziu a forga dos flexores do joelho e aumentou a forca dos extensores. A 602/s, o trabalho dos
flexores do joelho apresentou redugdo apés ADLD. O protocolo controle reduziu trabalho dos flexores. O dngulo
de pico de torque apresentou uma redugdo nos extensores e flexores apés ADLD e ADCD. Conclusdo: O alonga-
mento dindmico ndo causou alteragdo no pico de torque, o que favorece uso em atividades que envolvam velo-
cidade e forca muscular. O alongamento antes de atividades fisicas como corrida e esportes de alta intensidade

pode ser benéfico por promover aumento da frequéncia cardiaca e da temperatura corporal.

Palavras-chave: Exercicio de alongamento muscular. Forca muscular. Dinamémetro para forca muscular.

Introduction

Athletes usually perform a specific warm-up routine
as preparation. Authors such as (1, 2, 3, 4, 5, 6) among
others, recommend warming up for athletes to prepare
mentally and physically for training or competition.
Dynamic stretching seems to be an efficient strategy
for specific muscle warm-up preceding sports, asitisa
functional technique that prepares the body for physi-
cal activity (7). This benefit occurs because the move-
ments performed reproduce the ones executed during
the corresponding sport or physical activity rather than
engaging a particular muscle, as other stretching tech-
niques do. In addition, the primary aims of dynamic
stretching are: to modify the level of strength of the
muscles involved in the movement, to promote the
stretch reflex, to favor the contraction of the stretched
muscles, to increase the body temperature, and to re-
duce the stiffness of muscles and joints (8, 9).

Some studies, such as the one by (10), found sig-
nificant increases in muscle power following dynamic
stretching. In the studies conducted by (11) and (12),
dynamic stretching contributed to increases in muscle
strength. Conversely, (8) and (13) did not find any chang-
es in muscle strength following dynamic stretching.

According to (10), the improvement in muscle
performance following dynamic stretching might be
associated with two factors: an increase in the muscle
temperature and the occurrence of post-activation po-
tentiation (PAP). PAP involves the phosphorylation of

myosin regulatory light chains, which improves the
actin-myosin interaction. This interaction is caused by
the voluntary contraction of the muscle antagonist to
the targeted stretched muscle (14) described PAP as
a set of sequential muscle contractions occurring over
a very short period of time and thus characterized it
as post-tetanic potentiation. According to (11), PAP
reduces the time to peak torque and increases the rate
of muscle torque development. Other authors, such
as (12), agree with (10) and (11) and attribute the
improvement of the muscle performance to at least
one of the following physiological factors: increased
motor unit activation, increased muscle temperature,
or PAP. However, other studies, such as the one by (13),
did not find significant changes in the torque or peak
torque upon conducting an isokinetic assessment. (8)
also found no change in the muscle performance as
indicated by the results on the isometric peak torque
obtained using an isometric dynamometer.

The studies that applied dynamic stretching pro-
tocols exhibited methodological design variation in
the number of series, the number of exercises, the
sample profile, and the protocol length (8, 10, 11,12,
13). Therefore, one might question whether the re-
ported acute effects of dynamic stretching on muscle
strength are a function of the protocol.

Based on the results of these previous studies, one
of the hypotheses formulated in this study is that the
dynamic stretching of short duration will cause sig-
nificant increase in peak torque, angle of peak torque
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and total work during isokinetic evaluation at an an-
gular velocity of 60°/s and, the other hypothesis is
that dynamic stretching of short duration will not
cause significant increases in peak torque, angle of
peak torque and total work during isokinetic evalu-
ation at an angular velocity of 180°/s.

As a consequence, there is no consensus on
the acute effects of dynamic stretching on muscle
strength. For that reason, the present study tested
two protocols for dynamic stretching that differed
in duration at two angular velocities to contribute to
the understanding of the acute effects of the duration
of dynamic stretching on the isokinetic performance
of the knee extensors and flexors.

Materials and methods
Experimental approach to the problem

All the procedures were performed at the Center
for Isokinetic Dynamometry of the Physical Therapy
Teaching Clinic (Centro de Dinamometria Isocinética
da Clinica Escola de Fisioterapia - PUCPR - Campus
Curitiba, Brazil) and divided into two phases. Phase one
comprised one stage that was performed on one day
and consisted of the recruitment and selection of volun-
teers, the signing of the informed consent forms, and the
execution of clinical interviews. Phase two comprised
three stages: acquaintance with the isokinetic dyna-
mometer and assessment, application of the stretching
protocol, and isokinetic reassessment (Figure 1).

All the volunteers participated in the two phases,
which demanded attendance at the PUCPR physical
therapy clinic on 11 non-consecutive days for 48-hour
intervals (13) and the participation in experimental
sessions for protocol application and data collection.

In phase two, the volunteers’ quadriceps and ham-
string muscles were assessed using an isokinetic dyna-
mometer at two different angular velocities, 60°/s and
180°/s. The volunteers’ positioning in the isokinetic
dynamometer followed (15, 16, 17), and the variables
analyzed were: peak torque (Nm), peak torque angle
(®), total work (Joules), and average power (Watts).

Subjects

The sample comprised 14 volunteers with an
average age of 21 + 2.6 (years old), an average

height of 178 + 0.4 (cm), an average body mass of
73.2 £20.9 (kg), and an average body mass index
of 23 + 6.1 (kg/m?*) who were students of Physical
Education at Pontifical Catholic University of
Parand and Technological University of Parana.
The volunteers comprised one single experimental
group and were subjected to short- and long-du-
ration stretching, as well as to a control protocol.
Volunteers who answered “no” to all questions in
the Physical Activity Readiness Questionnaire -
PAR-Q (18) and exhibited at least 70% of the nor-
mal muscle length amplitude (19) were included
in the study. Individuals who reported or exhib-
ited any type of musculoskeletal dysfunction in
the past three months, such as ligament injury,
muscle strain, or bone fractures in the lower limbs,
were excluded.

All the volunteers signed an informed consent
form. The study was approved by the Human Research
Ethics Committee of PUCPR, ruling no. 48572.

Procedures

Completed one phase, on phase two, day one, an
experimental session was conducted, which com-
prised a general warm-up on a bicycle ergometer
for five minutes (3, 20, 21). Next, the volunteers were
subjected to a protocol for acquaintance with the iso-
kinetic dynamometer (13, 15, 16, 17).

On phase two, day 2, the second experimental
session was conducted, which included the same
warm-up routine on the bicycle ergometer as in day
one. Next, the volunteers were subjected to isokinetic
assessment of concentric and eccentric knee flexion
and extension at 60°/s with two-minute intervals
for recovery (22). Then, they performed the short-
duration dynamic stretching protocol (SDDS), which
lasted for two minutes and twenty seconds. After the
conclusion of the SDDS protocol, the isokinetic reas-
sessment was performed.

On phase two, days three and four, the third ex-
perimental session was conducted, which comprised
systemic warming up on a bicycle ergometer, followed
by isokinetic assessment of concentric and eccentric
knee flexion and extension at 60°/s. Two minutes
later, the participants executed the long-duration
stretching protocol (LDDS), which lasted for three
minutes and thirty seconds. After the conclusion of
the LDDS protocol, the isokinetic reassessment was
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performed. The third session was conducted on two
non-consecutive days (with a 48 hour interval).

On phase two, day five, the fourth experimental
session was conducted, which comprised systemic
warming up on a bicycle ergometer, followed by
isokinetic assessment of concentric and eccentric
knee flexion and extension at 60°/s (15). The con-
trol (CTRL) protocol was executed two minutes
later. For the CNTRL protocol, the volunteers per-
formed no stretching but instead sat on a chair for
a period of time equivalent to the average amount
of time of the SDDS and LDDS protocols, three
minutes and fifteen seconds. After the conclusion

of the CTRL protocol, the isokinetic reassessment
was performed.

On phase two, days six, seven, eight, nine, 10,
and 11, the same stretching protocols as on days
two, three, four, and five were performed. However,
isokinetic assessment and reassessment were per-
formed at an angular velocity of 180°/s on the quad-
riceps and hamstring muscles and relative to the con-
centric phase of movement only (13).

The stretching protocols described below are
among the most widely used by athletes before physi-
cal activities, predominantly requiring strength, ve-
locity, and resistance (12).

Day 2

il Systemic warm up ’

Systemic warm up

Total Time: 5' Total Time: 5'

Day 3 and 4 ] ‘ Day 5 I

Systemic warm up ’

Total Time: 5'

Systemic warm up
Total Time: 5'

Isokinetic acquaintance
2 Sub-maximum
repetitions
1 Maximum repetition

|| Isokinetic assessment
3 Maximum repetitions

Recovery interval
Total time: 2'

— 3 Maximum repetitions

] Total time: 2' Total time: 2'

Isokinetic assessment
3 Maximum repetitions

Recovery interval | | Recovery interval

SDDS
Total time: 2'20"
L 2 Exercises (30")
2 Sets (15")
15 Repetitions

- 2 Exercises (30")

Isokinetic reassessment
3 Maximum repetitions

|| Isokinetic reassessment

LDDS
Total time: 3'30" Control rest
Total time: 3'15"
2 Sets (15")

15 Repetitions

Isokinetic reassessment
3 Maximum repetitions

3 Maximum repetitions

Figure 1 - Flowchart of the second phase of the study
Source: Research data.
Stretching protocols

SDDS protocol

The volunteers performed two dynamic stretch-

ing exercises, one targeting the hamstrings and the
other targeting the quadriceps muscle group. Two

series comprising 15 repetitions of each exercise
were performed, the first five repetitions being slow
(one per second) and the last 10 being as fast as pos-
sible (12). A pace tracker (Yankz PaceTat) was used
to indicate the slower rhythm, while the faster one
was established by each individual volunteer. A 15
second interval separated the series corresponding
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to the same stretching exercise, whereas a 30 second
interval was used in the shift to the second exercise
(quadriceps to hamstring), for a total time of approxi-
mately two minutes and 20 seconds.

The dynamic stretching exercises and their order
were as follows:

1) In the bipedal position, the volunteers flexed
the hip corresponding to the dominant side
to approximately 90° with the knee in exten-
sion so that the thigh was pulled towards the
trunk. The volunteers were required to keep
the abdominal muscles contracted throughout
the exercise. Figure 2A depicts the posture ad-
opted by subjects during this exercise;

2) In the bipedal position, the volunteers flexed
the knee corresponding to the dominant side
to approximately 90° until the heel came as
close to the buttocks as possible. The volun-
teers were required to keep the abdominal
muscles contracted throughout the exercise.
Figure 2B depicts the posture adopted by sub-
jects during this exercise.

LDDS protocol

The exercises included in the LDDS protocol were
the same as those in the SDDS protocol, and thus the
volunteers performed two types of dynamic stretch-
ing exercises, one targeting the hamstring and the
other targeting the quadriceps muscle group. Each
exercise comprised three series with 15 repetitions
each, the first five being slower and the last 10 being
as fastas possible. A pace tracker (Yankz PaceTat) was
used to maintain the slower rhythm (60 beeps/min-
ute), while the faster rhythm was established by each
individual volunteer. A 15 second interval separated
the series corresponding to the same (quadriceps)
stretching exercise, whereas a 30 second interval
was used in the shift to the second (quadriceps to
hamstring) exercise for a total time of approximately
three minutes and 30 seconds.

The dependent variables analyzed were: peak
torque (Nm), peak torque angle (°), total work
(Joules), and average power (Watts).

The independent variables analyzed were angular
velocity (60°/s and 180°/s), stretching (SDDS and
LDDS) and control (CTRL) protocols, and time points
before and after the protocols.

Statistics analyses

The normality of the data were assessed by the
Shapiro-Wilk test. The numerical values underwent
logarithmic transformation to make non-normal
distributions become normal distributions, thus
allowing for comparisons of the variables before
and after the application of the stretching (SDDS
and LDDS) and control protocols using a test for
parametric samples.

The comparison of the investigated variables be-
tween the stretching (SDDS and LDDS) and control
protocols before and after application was performed
separately for each tested isokinetic velocity (60°/s
and 180°/s), for both dynamic contraction phases
(concentric and eccentric), and for both muscular
groups (quadriceps and hamstring). This analysis
was done using ANOVA repeated measures (proto-
cols SDDS, LDDS, and CTRL) with one factor (time-
points: before and after) to identify significant differ-
ences between the investigated isokinetic variables.
Whenever a difference was found, the Scheffé post-
hoc test was used to identify the variables involved.

Statistical analysis was performed using SPSS 14
software, the significance level was 0.05. A statistical
power of about 70% was achieved with the sample
size of the study.

Results

The results of the isokinetic variables before and
after the execution of the stretching and control pro-
tocols are described in Tables 1, 2, and 3, including
the mean and standard deviation, as well as in Table
4, in which the p value (significance) is indicated.

Significant differences were not found in the peak
torque, the total work, the average power, or the peak
torque angle of the knee extensors or flexors in either
the concentric or the eccentric phases of movement
at an angular velocity of 180°/s.

Discussion

The present study investigated the acute effects
of SDDS and LDDS and a control protocol on the iso-
kinetic performance of the knee flexors and extensors
at two different angular velocities, 60°/s and 180°/s.
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Figure 2 - Posture adopted by subjects during the stretching exercises targeting the hamstrings (A) and quadriceps (B)

muscle groups
Source: Research data.

Table 1 - Results corresponding to knee extensors at 60°/s

Concentric Eccentric
Protocol Variables Before After Before After
Peak torque (Nm) 213.6 + 28.1 208.3 = 26.6 305.3 + 57.1 308.1 = 46.7
R Total work (J) 249.9 + 335 2475 = 374 337 =72 355 + 58.5
Power (W) 1421 + 20.4 1414 +21.8 187.2 + 40.6 198.2 + 33.9
PT angle (degrees) 61.9 = 6.7 60.1 = 7.2 64.4 = 6.8 64.1 =438
Peak torque (Nm) 203.8 = 33.8 206.9 = 27 306.6 = 48.7 3125+ 35.8
e Total work (J) 238.4 = 32.7 2441 £ 275 342.3 +55.3 340 + 39.2
Power (W) 136.6 = 18.2 140 = 16.6 188.4 = 32.3 189 = 21.9
PT angle (degrees) 63.6 = 7.9 63.5 = 5.5 676 =7.9 63179
Peak torque (Nm) 206.6 + 32.4 210.8 = 40.9 316.3 + 494 323.3 = 61.6
L Total work (J) 239.9 + 38 255.7 = 57 343 + 55.6 343.8 £ 715
Power (W) 137.9 + 22.5 141.6 + 27.3 188.6 + 32.1 196.6 + 36.2
PT angle (degrees) 66.9 + 9.2 64.6 = 10.1 71 +6.7 701 £7.2

Note: PT = peak torque. Values expressed as mean = standard deviation. Mean and standard deviation corresponding to knee extensors - 60%s.

Source: Research data.

Table 2 - Results corresponding to knee flexors at 60°/s (To be continued)

Protocol

Concentric Eccentric
Before After Before After

Variables

SDDS

Peak torque (Nm) 150.6 = 27.5 15611 = 27.9 185.8 = 43.1 193.5 = 45.9
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Table 2 - Results corresponding to knee flexors at 60°/s

(Conclusion)

Concentric Eccentric
Protocol Variables Before After Before After
Total work (J) 188.6 + 35.3 184.6 + 32.7 238.6 = 58.7 234.4 + 58
SDDS Power (W) 107.6 = 21.8 105.7 = 19.1 134.4 + 341 132.1 £ 32.3
PT angle (degrees) 26.9 = 6.8 254 =55 20.6 = 9.2 149 +74
Peak torque (Nm) 148.6 + 29.1 1413 £ 27.6 187 = 47.2 181.6 = 45.4
Total work (J) 192.6 + 45.4 173.5 = 34.3 243.1 £ 59.1 226.4 = 56
1008 Power (W) 106.2 = 19.8 100.4 = 20.7 135.4 + 33.3 1259 + 31.4
PT angle (degrees) 21.8 = 6.9 21 £ 6 23.6 = 13.6 183 =114
Peak torque (Nm) 143 = 28.7 142.2 = 32.5 188.9 = 49.4 181.8 = 51
Total work (J) 182.4 = 37.6 178.7 £ 37.4 246.6 = 65.8 229.2 = 63.6
et Power (W) 104.3 + 21.8 102.9 = 22.3 138.8 + 37.1 128.7 = 35.1
PT angle (degrees) 21.8 £5.1 246 = 6.3 203 +£94 19.2 +12.2

Note: PT = peak torque. Values expressed as mean + standard deviation. Mean and standard deviation corresponding to knee flexors - 60%/s.

Source: Research data.

Table 3 - Results corresponding to knee flexors and extensors at 180°/s

Concentric Eccentric
Protocol Variables Before After Before After
Peak torque (Nm) 158.1 = 23.9 158.6 = 29.3 1147 £21.4 117.7 £ 211
Total work (J) 180.8 + 28.3 181.4 = 31 143.6 = 26.5 145.1 = 26.1
o008 Power (W) 2711 = 43.3 271.7 £ 475 210.7 = 39.6 213.1 = 45
PT angle (degrees) 58.5 + 6.4 5995 348 £52 33.6 £5.9
Peak torque (Nm) 157.6 = 22.1 157.4 + 26.4 116.6 = 21.8 118.8 = 20.1
Total work (J) 180.8 + 26.5 179.4 = 31.5 146.1 £ 25.3 1471 £ 25
1008 Power (W) 276.6 = 43.5 270.9 = 52.1 219 + 42.2 221.9 = 41
PT angle (degrees) 59.2 £ 5.1 59.7+59 34.5 = 6.1 2 = 7.7
Peak torque (Nm) 156.6 + 28.4 153.2 = 31.3 117.7 = 22 119.7 = 21.5
Total work (J) 179.6 = 31.3 177.1 £ 36.7 144.9 + 26.8 148.4 = 25.6
CTRt Power (W) 272.1 £ 56.2 268.7 = 59.3 212.2 = 46.1 219.1 = 445
PT angle (degrees) 59.1+6 60.2 =5 33.6 £ 6.9 33.5 6.6

Note: PT = peak torque. Values expressed as mean + standard deviation. Mean and standard deviation - 180%/s.

Source: Research data.
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Table 4 - Summary of the results of the statistical analysis

Variavel Protocol Time-point Protocol vs time-point
Conc Ecc Conc Ecc Conc Ecc
Peak torque 60°/s 0.874 0.271 0.782 0.166 0.291 0.961
Total work 60°/s 0.888 0.995 0.149 0.374 0.23 0.346
Average power 60°/s 0.925 0.968 0.262 0.019° 0.469 0.364
Peak torque angle 60%s 0.306 0.032" 0.215 0.05 0.58 0.138
Extensors
Peak torque 180%s 0.9 - 0.106 - 0.528 -
Total work 180%/s 0.946 - 0.367 - 0.702 -
Average power 180%/s 0.959 - 0.215 - 0.608 -
Peak torque angle 180%/s 0.306 - 0.215 - 0.58 -
Peak torque 60%/s 0.71 0.95 0.083 0.41 0.139 0.066
Total work 60°/s 0.889 0.997 0.003 0 0.57 0.214
Average power 60%s 0.889 0.98 0.016" 0" 0.209 0.116
Peak torque angle 60%s 0.06 0.793 0.658 0.013* 0.323 0.643
Floxors Peak torque 180%s 0.943 - 0.1 - 0.888 -
Total work 180%/s 0.952 - 0.154 - 0.787 -
Average power 180%/s 0.835 - 0.172 - 0.718 -
Peak torque angle 180%s 0.06 - 0.658 - 0.323 -

Note: * statistically significant difference. p-values Two-Away ANOVA.

Source: Research data.

The results of the isokinetic assessment at an an-
gular velocity 60°/s are included in the discussion of
the stretching and control protocols below.

The SDDS protocol induced a significant reduc-
tion in the peak torque angle during the eccentric
phase of the knee flexor movement in the assessment
at 60°/s. This result indicates that greater strength
was achieved during muscle stretching compared
to the period before stretching. According to (23),
the reduction in the peak torque angle, even after
acquaintance with the isokinetic dynamometer, might
be associated with the volunteers’ learning of the
eccentric movement in the isokinetic dynamometer,
as this activity occurred in the post-stretching as-
sessment, i.e., the second assessment performed
in the day. This hypothesis is strengthened by the
fact that SDDS was the first protocol performed and
that the same stretching procedure did not induce

any significant difference in the peak torque, total
work, or average power in the concentric and eccen-
tric phases of movement of the knee extensors and
flexors. However, the reduction in the peak torque
angle might also have occurred due to changes in
the elastic properties of the knee flexors as an effect
of SDDS itself. As observed by (24), dynamic stretch-
ing induces an increase in the body temperature and
consequently promotes an increase in the metabolic
reactions and the nerve conduction speed. This find-
ing was also reported by (25), who followed increases
in electromyographic (EMG) activity measured dur-
ing vertical jumping following dynamic stretching.
The lack of significant differences in the peak
torque, total work, and average power might be ac-
counted for by physiological mechanisms. One such
mechanism might be associated with the action of
the Golgi tendon organ - GTO (8, 13). According to
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(26), once the GTO detects an increase in the muscle
tendon tension caused by the successive quick move-
ments undergone in dynamic stretching, it does not
allow the maximal strength and thus reduces the risk
of injury in the agonist muscle. That interruption in
the action of the agonist muscle resulted in ineffi-
cient stretching of the antagonist muscle, which is
precisely the goal of dynamic stretching. That action
of the GTO might have also contributed to the lack of
action of another physiological mechanism, the PAP,
which according to (27) and (14) is one of the mecha-
nisms that improves muscle performance. However,
the type of training and/or the distribution of the
muscle fibers might influence the ability to trigger
PAP, as (28) observed.

Nevertheless, if the GTO did exert an action in
SDDS, it was discrete because no significant reduc-
tion was found. Such a discrete action might be re-
lated to the short duration of dynamic stretching, as
two series with 15 repetitions were performed with
rest intervals between them totaling two minutes
and 20 seconds.

Contrary to the results of the present study, (12)
found a significant increase in the peak torque at an
angular velocity of 60°/s, which they attributed to
PAP, increased muscle temperature, or increased
motor unit activation. It is worth noting that the
participants in (12) study were female elite athletes
who performed two series with 15 repetitions of
each of four dynamic stretching exercises, while in
our study male non-athletes performed just two dy-
namic stretching exercises. Therefore, although the
numbers of series and repetitions were the same in
both studies, the discrepancy in the results might be
due to the differences in the number of stretching
exercises and in the sample profile (11). Therefore,
future studies should include techniques to identify
and measure muscle temperature together with the
isokinetic assessment during the performance of the
dynamic stretching protocols. In addition, an EMG
device should be used to record the muscle electrical
activity and to establish the presence of the factors
mentioned by the authors that were cited above (GTO
and PAP).

In another study, whose results also diverged
from the ones in the present study, (11) assessed
the muscle power of the knee extensors and flexors
after dynamic stretching in healthy males and found
significant increases, which they attributed to PAP. It
is worth noting that these authors used a device to

assess dynamic constant external resistance muscle
contraction (which calculates the power from the
velocity and duration of the knee extension move-
ment), while we used an isokinetic dynamometer. The
equipment used for the assessment and the number
of stretching exercises might account for the discrep-
ancy in the results, as the numbers of series and rep-
etitions were the same in both studies. To elucidate
the effects of dynamic stretching, investigators should
use the same instruments for assessment. Therefore,
it is suggested that future studies use isokinetic dy-
namometers to establish the effect(s) of dynamic
stretching on muscle strength.

The LDDS protocol results were similar to those
of the SDDS protocol. There was no change in the
peak torque after the LDDS protocol was performed,
while the peak torque angle exhibited a significant
reduction in the eccentric phase of the knee exten-
sors movement. That reduction might be related to
the effects of stretching on the contractile and elastic
properties of muscles, as according to (29), dynamic
stretching might reduce the stiffness of muscles and
joints, thus modifying the length-to-tension ratio and
consequently creating ideal conditions in the muscle-
tendon unit for the development of tension. However,
as a function of the five-day interval between the iso-
kinetic assessments corresponding to the SDDS and
LDDS protocols, the reduction in the peak torque
angle might be attributed to the volunteers’ learn-
ing of the eccentric movement in the isokinetic dy-
namometer. These arguments are strengthened by
the fact that no significant difference was found in
the peak torque angle following the CTRL protocol,
which was performed after the dynamic stretching
protocols.

Unlike the SDDS protocol, the LDDS protocol in-
duced significant differences in the average power
and total work in the concentric and eccentric phases
of the knee flexors movement. One might suppose
that the reductions in the average power and the total
work after LDDS are related to the protocol duration
(three minutes and 30 seconds) and the reduced me-
chanical stress to which the knee flexors are exposed
in daily activities compared to the extensors. This
reduced stress might be associated with their low
strength (8). In addition, the reductions in the average
power and total work might also be due to the normal
deficit of the knee flexors relative to the extensors,
which varies from 50 to 70% (18, 23). The knee flex-
ors are normally weaker than the extensors. All those
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phenomena might have occurred, as no significant
difference was found in the average power or total
work relative to the knee extensors following either
the SDDS or the LDDS protocol. The peak torque did
not change after the LDDS or the SDDS protocol.

However, a significant increase in the average
power was found in the eccentric phase of the knee
extensors movement after the application of the CTRL
protocol. That increase might not only be due to the
effect of training (learning the movement technique)
afforded by the isokinetic assessment performed be-
fore the period of rest but also to the normal deficit of
the knee flexors relative to the extensors, as the former
exhibited a significant reduction in the average power
during the isokinetic assessment. In addition, the lack
of stretching might have increased the tendon stiffness,
thus contributing to the improved average power (30).

Compared to the CTRL protocol, the total work
significantly decreased during the eccentric phase of
the knee flexors movement. In mathematical terms,
worKk is directly proportional to the torque achieved,
and it is the result of the behavior of force all along
the force-displacement curve; the reduction seems to
be related to the order in which the protocols were
performed. According to (31), this relationship occurs
because a period of up to 72 hours is needed for the
maximal performance of the targeted muscle to be
achieved, while the intervals established in the pres-
ent study lasted only 48 hours. As a result, muscle
fatigue might have occurred, as the CTRL protocol
was the last protocol applied, during the course of
the isokinetic assessments.

The results obtained in the isokinetic assess-
ment at an angular velocity of 180°/s following the
application of the SDDS, LDDS, and CTRL protocols
did not show any significant difference in the peak
torque, total work, average power, or peak torque
angle in either the concentric or the eccentric phase
of movement of either knee flexors or extensors. The
lack of an effect of the dynamic stretching (SDDS and
LDDS) and control protocols on those isokinetic vari-
ables might be the result of the force-to-velocity ra-
tio mentioned by (22). According to those authors,
those two variables bear an inverse correlation,
i.e., during movement at high velocity, the force re-
quired tends to be lower compared to that required
by movement at a lower velocity. In addition, the lack
of significant changes in the variables investigated
at an angular velocity of 180°/s might be related to

the “size principle” described by (3), according to
which movements performed at high velocity pro-
duce low tension and thus recruit motor neurons
with low thresholds of excitability. Conversely, lower
velocities generate greater tension and thus recruit
motor neurons with high excitability thresholds. An
EMG assessment might confirm the relevance of that
principle. Therefore, it is recommended that future
studies include EMG records to establish the level of
muscle activation during movement.

To summarize, SDDS and LDDS did not induce
significant changes in the peak torque, although sig-
nificant changes were found in the average power,
total work, and peak torque angle of the knee flexors
and extensors. Therefore, dynamic stretching did not
hinder the ability to reach maximal strength.

Conclusion

To conclude, we believe that the results of the
present study might be helpful for future research
on the effects of dynamic stretching on the perfor-
mance in sports, as dynamic stretching did not result
in a significant reduction in the peak torque, average
power, or total work.

This study has demonstrated that executing dy-
namic stretching does not promote deficits on muscu-
lar strength. Therefore, this kind of stretching should
be safely performed physical activities such as walk-
ing, low-intensity running, recreational games, and
high-intensity sports.

References

1. Brandenburg JP. Duration of stretch does not influ-
ence the degree of force loss following static stretch-
ing. ] Sports Med Phys Fitness. 2006;46(4):526-34.

2. Bradley PS, Olsen PD, Portas MD. The effect of static,
ballistic, and proprioceptive neuromuscular facilitation
stretching on vertical jump performance. J Strength
Cond Res. 2007;21(1):223-6.

3. Cramer ]JT, Housh TJ, Weir JP, Johnson GO, Coburn
JW, Beck TW. The acute effects of static stretching on
peak torque, mean power output, electromyography,
and mechanomyography. Eur ] Appl Physiol. 2005;
93(5-6):530-9.

Fisioter Mov. 2014 abr/jun;27(2):281-92



Acute effects of short and long duration dynamic stretching protocols on muscle strength

10.

11.

12.

13.

14.

Weir DE, Tingley ], Elder GCB. Acute passive stretching
alters the mechanical properties of human plantar
flexors and the optimal angle for maximal voluntary
contraction. Eur ] Appl Physiol. 2005;93(5-6):614-23.

Avela |, Finni T, Liikavainio T, Niemel& E, Komi PV.
Neural and mechanical responses of the triceps su-
rae muscle group after 1 h of repeated fast passive
stretches. ] Applied Physiol. 2004;96(6):2325-32.

Rees SS, Murphy A], Watsford ML, McLachlan KA,
Coutts AJ. E Effects of proprioceptive neuromuscular
facilitation stretching on stiffness and force-producing
characteristics of the ankle in active women. ] Strength
Cond Res. 2007;21(2):572-7.

Little T, Williams AG. Effects of differential stretch-
ing protocols during warm-ups on high-speed motor
capacities in professional soccer players. ] Strength
Cond Res. 2006;20(1):203-7.

Herda TJ, Cramer ]JT, Ryan ED, McHugh MP, Stout JR.
Acute effects of static versus dynamic stretching on
isometric peak torque, electromyography, and macha-
nomyography of the biceps femoris muscle. ] Strength
Cond Res. 2008;22(3):809-17.

Young S. From static to dynamic exercises changing
the warm-up paradigm. Strategies. 2010;24(1):13-17.

Yamaguchi T, Ishii K, Yamanaka M, Yasuda K. Acute
effects of dynamic stretching exercise on power out-
put during concentric dynamic constant external
resistance leg extension. ] Strength Cond Res. 2007;
21(4):1238-44.

Yamaguchi T, Ishii K. Effects of static stretching for
30 seconds and dynamic stretching on leg extension
power. ] Strength Cond Res. 2005;9(3):677-83.

Sekir U, Arabaci R, Akova B, Kadagan SM. Acute ef-
fects of static and dynamic stretching on leg flexor
and extensor isokinetic strength in elite women ath-
letes. S Scand ] Med Sci Sports. 2010;20(2):268-81.

Papadopoulos G, Siatras T, Kellis S. The effect of static
and dynamic stretching exercises on the maximal iso-
kinetic strength of the knee extensors and flexors. IES.
2005;13(4):285-91.

Robbins DW. Postactivation potentiation and its prac-
tical applicability: a brief review. ] Strength Cond Res.
2005;19(2):453-8.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

Dvir Z. Isocinética: avaliagbes musculares, interpre-
tagdes e aplicagdes clinicas. Sdo Paulo: Manole; 2002.

Morse CI, Degens H, Seynnes OR, Maganaris CN, Jones
DA. The acute effect of stretching on the passive stiff-
ness of the human gastrocnemius muscle tendon
unit. ] Physiol. 2008;586(1):97-106.

Cybex N. Manual de uso. Sdo Paulo: Cybex; 1998.

Hewett TE, Myer GD, Zazulak BT. Hamstrings to quad-
riceps peak torque ratios diverge between sexes with
increasing isokinetic angular velocity. ] Strength Cond
Res. 2008;11(5):452-59.

Kendall FP, Mccreary EK, Provance PG. Musculos:
provas e funcdes: com postura e dor. Sdo Paulo:
Manole; 2007.

Zakas A. The effect of stretching duration on the
lower-extremity flexibility of adolescent soccer play-
ers. ] Bodyw Mov Ther. 2005;9(3):220-5.

Bishop D. Warm up II: performance changes following
active warm up and how to structure the warm up.
Sports Med. 2003;33(7):483-98.

Powers SK, Howley ET. Fisiologia do exercicio: teoria
e aplicagdo ao condicionamento fisico e ao desem-
penho. Sdo Paulo: Manole; 2008.

Preis C, Ribas DIR, Israel VL. Utilizacdo da dinamo-
metria isocinética como recurso de avaliagdo no com-
plexo joelho. Fisioter Bras. 2006;10(80):7-10.

Chtourou H, Aloui A, Hammouda O, Chaouachi A,
Chamari K, Souissi N. Effect of static and dynamic
stretching on the diurnal variations of jump perfor-
mance in soccer players. PLoS One. 2013;8(8):e70534.

Hough PA, Ross EZ, Howatson G. Effects of dynamic
and static stretching on vertical jump performance
and electromyographic activity. Strength Cond Res.
2009;23(2):507-12.

Samukawa M, Hattori M, Sugama N, Takeda N. The
effects of dynamic stretching on plantar flexor
muscle-tendon tissue properties. Man Ther. 2011;
16(6):618-22.

Sale DG. Postactivation potentiation: role in human
performance. Exerc Sport Sci Rev. 2002;30(3):138-43.

Fisioter Mov. 2014 abr/jun;27(2):281-92

291



292

dos Santos CF, Moser ADL, Manffra EF.

28.

29.

30.

Gelen E, Dede M, Bingul BM, Bulgan C, Aydin M. Acute
effects of static stretching, dynamic exercises, and
high volume upper extremity plyometric activity on
tennis serve performance. ] Sports Sci Med. 2012;
11(4):600-5.

Morrin N, Redding E. Acute effects of warm-up stretch
protocols on balance, vertical jump height, and
range of motion in dancers. ] Dance Med Sci. 2013;
17(1):34-40.

Wallmann HW, Christensen SD, Perry C, Hoover DL.
The acute effects of various types of stretching statis,
dynamic, ballistic and no stretch of the iliopsoas on 40
yard sprint times in recreational runners. Int] Sports
Phys Ther. 2012;7(5):540-7.

31. Bosco C. A for¢a muscular: aspectos fisiolégicos e apli-
cagdes praticas. Sdo Paulo: Phorte; 2007.

Received: 06/20/2013
Recebido: 20/06/2013

Approved: 11/27/2013
Aprovado: 27/11/2013

Fisioter Mov. 2014 abr/jun;27(2):281-92



