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ABSTRACT

The purpose of the study was to investigate theea@ffects of two stretching

interventions, proprioceptive neuromuscular faaiidn (PNF) and passive static
stretching (PSS), and a specific warm-up (SW) andinength and architecture of the
vastus laterallis and biceps femoris muscles inl@sasquent performance on strength
training session (STS). Musculoskeletal ultrasoundges were acquired from nine
men before and immediately after stretchings or @ ten minutes after STS. The
STS consisted of the following exercises: Leg Esitem, Leg Curl, Leg Press and Hack
Machine Squat. The PNF resulted in lower perforredoc all situations. The PSS and
SW improved performance for the Leg Press relaovie PNF and controls (CS). For
the Hack Machine Squat, the SW resulted in highefopmance than the stretching
conditions. The VL muscle fascicle length (FL) ie&se after STS for PNF method. The
BF muscle showed a higher pennation angle (PA) iiutes after the STS for PSS
method, the FL increases imediatally after PSSthad decrease 10 minutes after the
STS for PSS method.. As our results, the SW shioellperformed before STS, and PNF
stretching should not be prescribed because thizditon impairs subsequent

performance. These results may assist health giofess in prescribing resistance

training.

Key words. warm-up; passive static stretching; proprioceptimeuromuscular

facilitation; strength training; lower limbs; ulsaund.
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INTRODUCTION

A variety of warm-up methods have been used poophysical exercise to
reduce the risk of injuries and enhance performamcthe subsequent main activity (5,
26, 27). In this respect, some authors suggestthieae warm-ups can involve general
activities, specific warm-ups and different strénghmethods (1). General warm-ups
consist of low-intensity aerobic activities, suchranning or cycling, with the aim of
increasing the muscle temperature and neuromustuetion (1, 2).

Specific warm-ups (SW) include exercises thatsamalar to the main activity,
with a progressively increasing intensity, to ergearthe neuromuscular activation
system. A specific warm up added to a general wapnfor a 1 repetition maximum
(RM) test in the leg press showed an improvemen8.dfo (1). Recently, it was
demonstrated that a specific warm-up resulted gihhdn number of maximal repetitions
for the subsequent lower limb strength trainingsges (STS) compared to ballistic and
passive static stretching methods (25).

Some stretching methods can also be consideradvasm-up (1). The duration
of the stretching stimulus performed before themaativity is directly related to the
performance (3). The effects of stretching methaslsvarm-ups previously a strength
performance have been studied in relation to thebmu of repetitions (3, 12, 13), 1RM
tests (2, 4), vertical jump (6) and isometric sftn(21). Passive static stretching (PSS)
(4, 6, 21) proprioceptive neuromuscular facilitatieNF (3, 6, 15) and SW (1, 12) have
been manipulated according to the ACSM's recomnterda (14). However,
controversial results can still be found as theridls amplitudes for duration, intensity

and number of sets allows different protocols.
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Overall, there is a reduction in the strength leadter stretching protocols (11,
15, 27, 28). This decrease has been explained bymain mechanisms. The first is
related to the reduction in neural activation isp@nse to the stimulus given to the
Golgi tendon organ (GOT) (11). The second mechanisfars to changes in the
mechanical properties of the muscle-tendon unit UYT16). In this case, the tendon
tension during stretching would alter its viscoB@y, causing a stress relaxation
behavior that reduces tendon stiffness and aftbetsorce transmitted by the muscles
(15).

Additionally, the arrangement of the muscle fibirslirectly related to muscle
force generation (17, 19). Changes in the musdleitacture after acute stretching have
been reported as a decrease in the pennation @4)eand an increase in the fascicle
length (FL) (23, 24). The way that such transierghéecture rearrangement could
influence the shortly after force production idlginclear. In fact, suggest on meta-
analysis (27) the inverse relationship between feteszdon complex compliancy and
the efficient force transmission (29).

Therefore, the purpose of this study was to ingate the acute effects of two
stretching methods, PNF and PSS, and of a speadim-up (SW) on STS (number of
repetitions of four exercises). Muscle architecture the thigh muscles will be
monitored before and after the stretching and §pegarm up. Based on the literature,
the initial hypothesis is that the SW will resultperformance improvements compared

to the stretching methods.

METHODS
Experimental Approach to the Problem
This study was designed to investigate the effetta SW and two different

stretching methods (PNF and PSS) on the strengflorpence. Muscle architecture
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using ultrasound (US) images of the VL and BF mesalere monitored using three
moments of the protocol. Nine subjects visitedl#mratory seven times with 48 hours
interval between the visits. The familiarization thwithe stretching methods and
exercises were performed on the first visit. Thigjestts performed the strength test and
were re-testd on the second and third days, raspbctThe fourth to the seventh days,
the subjects were randomly selected to performobriee four possible situations (PNF,
PSS, SW and CS). For these four visits, the subjeati down on a stretcher for 10
minutes of rest before the US images were colleciast after the US acquisition, the
subjects underwent the intervention with one of pheposed methods (SW, PNF or
PSS), and immediately afterwards, the US images wetlected again. After this
procedure, the following four exercises were exedun this order: Leg Extension, Leg

Curl, Leg Press and Hack Machine Squat.

Subjects

Nine male volunteers (age: 24.81 + 2.98 years, he.33 + 11.46 kg, height:
1.77 + 0.07 cm and BMI 25.81 + 3.20 kd)nparticipated in four different, randomly
chosen experimental conditions. All subjects wemgolved in other recreational
physical activities such as cycling, running andnswing, but none of them was
practicing strength training for the last six mantfihus, these subjects were considered
untrained in strength training. Before data coitatt the volunteers signed a free and
informed consent form prepared according to Regwnlul96/96 of the National Health
Council. The subjects answered the PAR-Q questiomm@ad a general questionnaire
designed to exclude individuals with possible agpdimonary diseases,
musculoskeletal and user ergogenic substancesstlilg was conducted in accordance

with the Declaration of Helsinki and approved bye tkthics Committee of the
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University Hospital, Federal University of Rio dengiro. Subjects were informed about
the tests procedures with the possible risks ameflie of the study. They signed an

informed consent form before the tests begin. Ngesiis withdrew the study.

Procedures

In the first visit the subjects were familiarizedthe two stretching methods and
the exercises, with a sumaximal load and eighttitepes were performed. During the
second and third visits, subjects were initiallpqad in a supine position with lower
limbs relaxed for 10 minutes. The US images weteaiobd of the vastus lateralis (VL)
and the biceps femoris (BF) of the dominant leg crassimmediately before and after
the 8RM test and re-test for each exercise (Legrsion, Leg Curl, Leg Press and
Hack Machine Squat), performed according to trexdiure (15). A 10-minute interval

was used among the four exercises 8RM tests that applied with the same order.

In the fourth to seventh visits, the subjectdially remained in the supine
position on a paddle with relaxed lower limbs fOrrhinutes. Afterwards, US images of
the VL and BF (M, — time point 1) were acquired for the dominant [Egen, one of
the three experimental protocols was randomly peréal (PNF, PSS, and SW). A forth
control condition was also included (CS) where $lubjects rest at the same initial

supine position for the similar periods of timeesthing PSS and PNF (three minutes).

Immediately after the experimental protocols, #ubjects returned to the
stretcher for the STS procedure gVt time point 2). Afterwards, the participant
performed the STS with the following four exerciseeg Extension, Leg Curl, Leg
Press and Hack Machine Squat (Rotech Equipment®ani@o Brazil). The four
exercises were performed with limited of 90° knaiatjrange of motion. The subjects

were encouraged to perform as many repetitionsoasilge until there was concentric
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failure in the three sets of each exercise. The tigee between sets and between
exercises was 90 seconds for all protocols (8).terAthe training session, the US
procedure was repeated after the subjects restednfcadditional 10 minutes with

relaxed legs (M — time point 3).

The subjects were individually tested at the séime in the morning and they

were instructed to maintain the nutrition habitsiig the experimental period.

Protocols for stretching and specific warm-up

The PSS method involved three sets for flexorskane® extensors postures with
30 seconds intervals (Figure 1). The maximal jaamplitude was assisted held,
according to the subject limit of discomfort, fd¥ 8econds (14). For the PNF stretching
method, three series of the same knee flexors atehsors postures were performed
(Figure 2). Immediately after reaching the maxi@aplitude, the subjects were asked
to isometrically contract the agonists for six set® and then relax when further
amplitude was assisted reached and sustained fog 8% seconds. Both methods of
stretching exercises were performed with the saveeadl execution time.

For the SW, 20 repetitions of each exercise weréormed, during 30 seconds

at a 30% 8RM load, with an interval of 30 seconds.

#Insert Figure 1l and 2#

Ultrasound procedures

The US images were acquired at four times durimgftiurth to seventh visits,

with an EUB-405 (Hitachi, Tokyo, Japan) with an r8-dinear probe ith central
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frequency of 7.5MHz with the aid of a gel for acocioupling (Ultrex; Farmativa

Industria e Comércio Ltda, Rio de Janeiro, RJ, iBraz

The volunteers rested in the supine position astretcher. Longitudinal US
images of the vastus lateralis (VL) and biceps fiesn@®F) were acquired at 50% of the
thigh length (9) of the dominant leg by an experezh examiner. Two images were
consecutively acquired. Image processing and &aital muscle parameters
measurements were blindly performed using a homemaudtine (LabVIEW, National
Instruments Corporation, Austin, Texas, USA). Oh¢he two images was considered
for the analysis and was selected for having tle asual definition of the fascicles.
Images from the second and third visits were useddiability procedure. The PA was
determined as the acute angle between the deepw@psis and the selected muscle
fascicle. The fiber length (FL) was determinedhaslength between the superficial and
deep aponeurosis (Figure 2). These US architepanmameters (PA and FL) measures

were already validated from cadaveric measuren{éf)s

#Insert Figure 3#

STATISTICAL ANALYSES

To estimate the architecture measurement religbtlne intraclass correlation
coefficient (ICCr), coefficient of variation (CV ¥gnd confidence interval (Cl) were
calculated between the FL and PA measurements eofiitst two-day images. The
reliability for the FL and PA was considered highm BF (ICCr = 0.922, CV = 4.11%,
Cl =[0.607 to 0.997]; ICCr = 0.932, CV = 2.34% &nb= [0.676 to 0.985], for FL and
PA respectively) and for VL (ICCr = 0.920, CV = 8%, CI =[0.654 to 0.982]; ICCr =

0.964, CV = 2.56% and Cl = [0.843 to 0.997], FL &Alrespectively).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

After confirming the normal distribution using th&hapiro-Wilk test and
calculating the 95% confidence level, an ANOVA witbpeated measures on the
second factor (4x3) was applied to compare the éaperimental pre-STS conditions at

the three US measurements moments for the musttideanture parameters.

Similarly, an ANOVA was applied with two factorglx4) to compare the
training volumes in each exercise. A post-hoc FschSD was applied with a
significance level of p<0.05. We performed the wsial using Statistica software

(Statsoft, Inc., Tulsa, OK, USA).

RESULTS

The main results of the present study are reladetie influence of the type of
warm-up on the number of repetitions for each ager@~ (9,144) = 3.719, Figure 3).
For all exercises, the PNF stretching method rediudte number of repetitions
compared to the SW and PSS. The significance ldeelthe Leg Extension exercise
were p = 0.017 and p = 0.031 for SW and PSS, réspbc For the Leg Curl exercise,
the PNF resulted in a lower number of repetitiamsntthe controls (p = 0.020, p =
0.001, and p = 0.006 for PSS, SW and CS, respégtivor the Leg Press exercise, the
significance levels from PNF to SW and to PSS were 0.031 and p = 0.001,
respectively. In this exercise, PSS and SW resutted higher number of repetitions
than the controls (p = 0.005 and p = 0.001, respy). For the Hack Machine Squat,
PSS resulted in a higher number of repetitions tharother three (p = 0.002 for PNF, p
= 0.008 for controls and p < 0.001 for SW). SW hesliin a higher number of

repetitions than PNF (p < 0.001) and controls (pGO1).
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#Insert Figure 4#

The BF muscle showed a higher PA 10 minutes #f@rSTS for PSS method
(Table 1) (M1 vs. Mys, p = 0.008), FL increases immediately after PSS (p013) than
decrease 10 minutes after the STS for PSS methed {®05) (Table 2). The VL

muscle FL increase after STS for PNF method (03%. (Table 2).

#Insert Tablel#

#Insert Table2#

DISCUSSION

The aim of this study ‘was to verify the impact RINF and PSS stretching
methods and the SW on a subsequent strength sessidawer limbs. The main
findings were that the PNF stretiching method causedoverall reduction in the
performance compared to the PSS method, SW and\@ftionally, the PSS method
and SW showed an improvement in the number of iteppes for multi-joint exercises.
SW showed no significant effects on the muscleitecture, which means that muscle
fiber arrangements could not be responsible fosaldifferences. For PSS, the FL and
PA of BF presented some statistical change andFPNF.

We found a significant reduction in the numbereagetitions of Leg Extension
exercises after PNF stretching compared to coatrdlstatic stretching (Figure 4). This
was also described by others (15) who reportecceedse of approximately two to three
maximal repetitions for the leg extension exerci€®% 1RM) compared to the no

stretching condition. A decrease in the neuralvattbn by OTG agonist inhibition is
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the physiological mechanisms commonly attributedhis fact (11). The OTG is an
autogenic inhibition reflex discharged when higinsien is detected in the tendon
structure. With an intense stretching the tracttension can discharge this reflex
causing the muscle inhibition, potentiating prategtt from injuries (11). Upon PNF
stretching, a large tension is generated enabliag3olgi reflex discharge leading to a
further muscle elongation in the next stretchingaggh However, it was shown that
although the inhibition effects are temporary, peak passive plantarflexion torque was
still reduced for about one hour (11). These awthsuggested that the peak torque
reduction lasting could be attributed to biomecbaheffects. A stiffness decrease after
an intense stretching is reported by others foigtstrocnemius and quadriceps muscles
(7, 18, 20), whereas, less force is transmitteth& skeleton by a more complacent

structure.

Conversely, improvements for all exercises weoended after PSS and SW. In
relation to SW, this finding is in agreement withr grevious study (25) where it was
found an improvement in all the same exercises aftW compared to ballistic and
static passive stretching. As far as we know, meiostudy verified the effect of SW in
strength training session. Although we did not mea®ody temperature, some authors
recommend 5-10 minutes of warm-up before usingemgth test protocol (22). In our
case, SW involved 20 reps for 30 seconds at a 3M8load in each of the four
exercises, which approximates this recommenda#iopossible explanation for the
improvement in performance would be an increasingaie temperature, as suggested
by Sa et al. (25) after verifying the positive effe of the general warm up and the
specific warm up on the vertical jump performandéey suggested that muscle
temperature favorably affect the muscle performaogeaeducing viscous resistance

which, in turn, rises the oxidative reaction spégdts and / or increases the muscles
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oxygen supply through a greater vasodilatations fiiechanism can explain our results

as the exercises use the same energy path.

The improvements in performance observed aftesipastatic stretching, in all
exercise were less evident than for specific wapn @Qommonly, there is a force
reduction after a stretching maneuver. For exanpis,reported a decrease in the Leg
press performance after a passive stretching ¢2)rary to ours results. This difference
can be related to the stretching volume where assipe stretching postures with three
sets each were conducted for the quadriceps andthags with a total volume of 20
minutes. This high volume of stretching cause thenes effects observed in PNF
stretching. For the present study, only one exerfds quadriceps and hamstrings were
used, with a total volume of three minutes, propabth similar benefits as the specific
warm up mentioned above.

With respect to the muscle architecture, the P&8aod resulted in significant
changes of FL of the BF muscles, which could bkelthto more complacent structures.
Nevertheless, the number of repetitions for theded exercise did not change (Figure
3). Overall, the higher number of repetitions aftes protocol shows that this specific
muscle architecture change had no negative impattiesubsequent force exertion.

We conclude that the SW methadwell as the passive static stretching should be
prescribed before a strength training session aedRNF stretching should not be
recommended. The performance differences afterstietching methods cannot be
explained by changes in muscle architecture, a=adyr discussed a (27) on meta-

analysis.

PRACTICAL APPLICATIONS
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Stretching exercises are commonly prescribed amitrg centers, gyms and

fitness clubs as part of a warm-up routine. Thelte®f the present study suggest that a

specific warm-up (SW) and static stretching arelibst warm-up options for coaches

and athletes to increase the performance on tefatition number for lower limb

resistance training session. Otherwise, we alsgesigvoiding PNF stretching before a

lower limb training session.
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TABLE 1

Table 1. PA mean (degrees) and standard deviatownglL and BF at each measure

moment (M1, Mg2andMy3).

18

VL muscle

PSS

PNF

SW

CS

BF muscle

PSS

PNF

SW

CS

Moz Mo2 Mos
18.80+2.17 19.12+2.72 21.13+2.30
18.60+2.34 17.84+2.28 18.78+3.19
18.73+2.09 19.35+2.75 20.68+2.49
19.71+2.14 19.36+3.18 20.79+£3.79
16.46+2.86 14.78+3.43 18.77+4.43*
14.47+1.66 16.14+3.23 16.96+3.19
16.31+2.04 15.16+2.09 16.66+3.12
16.14+3.16 15.92+3.64 18.26+3.65

*for p<0.05, significant different for .
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3 TABLE 2

4 Table 2. FL mean (cm) and standard deviations foakd BF at each measure moment

5  (Mo1,Mo2 andMog).

6

Moz Moz Mos

VL muscle

PSS 8.56+1.09 8.61+0.58 8.61+1.02
PNF 8.78+1.13 9.64+1.35 8.42+1.16*
SW 8.68+2.09 8.62+1.08 8.80+0.78

CS 8.27+0.62 8.96+0.91 9.36+1.59

BF muscle

PSS 8.71+1.06* 9.91+1.52 8.19+1.31*
PNF 9.39+0.99 8.77+1.28* 8.71+1.33

SW 8.94+0.86 9.29+1.05 8.70+1.23

Control 8.99+1.24 8.78+1.07 8.28+1.41

*for p<0.05, significant different for I3
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5 Figure 1: PSS and PNF stretching of the hamstiafigise thigh muscles.

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.
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4  Figure 2: PSS and PNF stretching of the quadrioéfise thigh muscles.

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.
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Figure 3: Ultrasound image of VL muscle for PA &idmeasurements.
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Figure 4: Representative graph of the number oetieépns for each exercise and

groups. For p <0.05; a - differences for the PNF; differences to the Control; ¢ -

difference between PSS and SW.



