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MONÈM JEMNI,1,5 BESSEM MKAOUER,2 MICHEL MARINA,3 ARBEN ASLLANI,1 AND WILLIAM A. SANDS
4

1School of Science, University of Greenwich, London, United Kingdom; 2Higher Institute of Sport and Physical Education, Ksar
Saı̈d, Tunisia; 3INEFC, Barcelona, Spain; 4School of Sport Science, East Tennessee State University, Johnson City, Tennessee;
and 5Qatar University, Sport Science, Doha, Qatar

ABSTRACT

Jemni, M, Mkaouer, B, Marina, M, Asllani, A, and Sands, WA.

Acute static vibration-induced stretching enhanced muscle

viscoelasticity but did not affect maximal voluntary contractions

in footballers. J Strength Cond Res 28(11): 3105–3114, 2014—

The aim of this study was to compare the effects of acute

vibration-enhanced static stretching and/or static stretching

alone on the strength and flexibility of the hamstrings and quad-

riceps muscles. Twenty-one male footballers participated in

this study (21.9 6 1.8 years; 75.54 6 7.3 kg; 178.7 6 6.5

cm). The experiment started with 5 minutes standardized

warm-up followed by (a) baseline flexibility pretest (Split Test);

(b) maximal voluntary flexion and extension (isokinetic strength)

of the knee; (c) Treatment or Sham involving 45-second stretch

with or without vibration for the hamstring and quadriceps mus-

cle groups with 10-second rest between; and (d) posttest

repeating the measures of the pretest. Each player randomly

performed both trials on separate occasions. The vibration

device operated at 35 Hz with 2 mm amplitude. Stretching

with vibration statistically increased hamstring flexibility by

7.8% (p # 0.05) when compared with stretching without vibra-

tion. No statistical differences for hamstring or quadriceps

strength were noted between treatment conditions. There

was no statistical correlation between flexibility and strength

measurements. In conclusion, flexibility increased with

vibration-enhanced static stretching; however, no change

was evident in the maximal voluntary contractions of the knee

flexors and extensors.

KEY WORDS local vibration, flexibility, isokinetic strength,

muscle inhibition, football

INTRODUCTION

N
ew emerging technologies aiming at the
enhancement of the muscle’s viscoelastic char-
acteristics have appeared lately (vibration treat-
ment, peristaltic pulse compression, bracing

equipment, elastic bands, etc). Whether in clinical setting
(rehabilitation of muscle injuries) or in the fitness and well-
ness sector, most of these technologies are based on similar
physiological concepts: The Golgi tendon organ inhibits the
muscle’s excitability that could lead to an autogenic inhibi-
tion of the fibers, which in turn, leads to enhancing its pas-
sive viscoelastic characteristics, i.e., flexibility and range of
motion of the joints. It is assumed that once the muscle is
inhibited, the feedback mechanism from the muscle to the
central nervous system is interrupted/disturbed. Within
these moments, muscle fibers could be stretched over their
limit of tolerance and therefore enhance the range of motion.
Stretching is often prescribed to athletes for reduction of
muscle soreness, relaxation, and injury prevention.

Flexibility is defined as the range of motion in a joint or
a related series of joints (32,34). It is the outcome whereas
stretching serves as the stimulus and is determined by several
factors: connective tissue microstructure, age, sex, joint struc-
ture, activity levels, and many more. Women tend to be more
flexible than men; young people tend to be more flexible
than older people (1). Flexibility is considered one of the
pillars of fitness characteristics. It is required for many sports
to express and achieve unusual postures and/or elegant po-
sitions (32,33). It increases mental and physical relaxation,
helps develop body awareness, reduces risk of joint and
muscle strains, reduces muscle tension and speeds up recov-
ery from training (1). However, stretching and flexibility are
currently undergoing conceptual revisions. Its role in injury
prevention, for example, might be overrated (10,11,16,18).
Some authors have shown that acute stretching harms per-
formance, whereas chronic stretching enhances it (27,33).
Others have demonstrated that dynamic stretching is replac-
ing static stretching in many sport contexts (14,22,23).
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Hamstring muscle injury is common in football. They are
a powerful muscle group at the back of the thigh that arises
from the ischial tuberosity of the pelvis and inserts through
strong tendons to the superior tibia and fibula. They bend

the knee and assist in hip
extension when the pelvis is
tilted anteriorly; otherwise, it is
a hip adductor. With many
muscular injuries occurring in
football, physician and thera-
pists are always seeking tech-
nologies to save time and help
the athletes return to training
following recovery of strength
and range of motion. However,
physicians and physiothera-
pists are still keen to use tradi-
tional static stretching. Static
stretching is indeed one of the
most common ways to
improve flexibility (29). Static
stretching occurs when a large
range of motion is achieved
without active muscle tension;
this kind of stretch is usually
attained through gravity or
inertia (33). Although static
stretching is commonly used
after exercise, it has been
linked to acute reductions in
muscle strength (7). Dynamic

stretching occurs when a large range of motion is achieved
by muscle tension moving the limb into an extreme position
against antagonist muscle tension and/or gravity (33). It has
been attributed as “best” for preexercise stretching (39).

Whether static or dynamic
stretching is used may depend
on what one does between
stretching and the strength
and/or explosive activities. If
one puts transitional aggressive
activities between stretching
and the target activity, this
tends to diminish the effects
of the previous stretching
(29). Passive and active flexibil-
ity of the lower limbs can be
assessed by a variety of meth-
ods as recently described by
Jemni (20). For the purpose of
this study, the forward split test
has been adopted. This is
a widely used test for a talent
identification program in USA
Gymnastics (31).

Whole-body or local vibra-
tion training has recently been
introduced to a wider range of
settings, gyms, fitness centers,

Figure 1. The study design.

Figure 2. Forward split flexibility test.
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3106 Journal of Strength and Conditioning Research
the TM

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



soccer clubs, or even as a home-based training. Vibration
provides a mechanical stimulus that may affect the muscu-
loskeletal system systemically or locally. In this context, the
application of new vibration stretching technology has been
shown to increase the range of motion at the involved joint
(s) similarly or better than without vibration (9,13,33).
Exceptional results were found in studies performed with
elite and highly trained athletes (19,33,35,37). Sands et al.
(36,37) have found statistical differences in the range of
motion following vibration-enhanced static stretching

among gymnasts, elite syn-
chronized swimmers, and fig-
ure skaters when compared
with static stretching alone.
The previous training experi-
ence of the aforementioned
athletes could suggest that
vibration-enhanced stretching
benefits occur only among
those who are already accus-
tomed to stretching. Few au-
thors suggested that vibration
causes a stimulation of the
spindle within the extrafusal
fibers (4). Others put forward
a presynaptic inhibition of
group Ia afferent fibers, which
is created when both vibration
and stretching nerve traffic
occupy the same Ia pathways
(5). Nevertheless, there is a pau-

city of research investigating the effects of vibration-induced
stretching on muscular strength in its various aspects (max-
imal strength, limit strength, relative strength, elastic
strength, endurance strength, speed strength, stability
strength, functional strength and core strength) (40,41).

Practitioners may be confused by the apparent conflicts in
the lay and research literature on the role of flexibility in
training and performance. Stretching and flexibility lack
a theoretical framework, and there are misunderstandings
inherent when stretching is applied for conflicting purposes

and widely differing sports.
Like strength training, stretch-
ing and flexibility may cut
across all sports to some degree.
The purpose of this study was
to ascertain the potential effec-
tiveness of vibration-enhanced
static stretching on a team
sport—football. In addition,
current consensus indicates that
stretching reduces strength and
may not be associated with
injury prevention or enhanced
performance in nonesthetic
sports. This study sought to
compare the effects of vibration
on stretching and flexibility,
and further, to ascertain the
effects of this type of stretch-
ing on subsequent strength
performance. Most directly, this
study aimed to compare the
effects of acute static vibration-
induced stretching and/or static

Figure 3. Hamstring and quadriceps isokinetic strength assessment.

Figure 4. Hamstring stretching treatment (with or without vibration).
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stretching on the strength and flexibility of the hamstrings and
quadriceps muscles.

METHODS AND MATERIALS

Experimental Design

This study investigated the acute effects of stretching with or
without vibration treatment on the strength and flexibility of
the hamstring and quadriceps muscles. The study was

a pretest, posttest, crossover,
sham-controlled repeated
measures design. The study
design involved 2 independent
variables: treatment (vibration
or not vibration); test (pretest
and posttest) with repeated
measures (split height, knee
flexion peak torque, knee
extension peak torque). Figure
1 shows the design of the
study. The sham treatment
involved the same stretching
as the experimental treatment,
except that the vibration device
was not turned on.

Subjects

Twenty-one male football
team league members volun-
teered to participate in this
study (age, 21.9 6 1.8 years;
body mass, 75.54 6 7.3 kg;
height, 178.7 6 6.5 cm). To
qualify for the experiment,
each player had to be involved
in regular training at an aver-
age of 6 hours per week. All
participants were given an

information sheet outlining the investigation and its poten-
tial risks. A signed consent form was obtained from each
athlete before taking part. The University of Greenwich
Ethics Committee approved the investigation.

Participants were randomly assigned to (vibration) or (no-
vibration) group on their first testing day. They were tested
twice on separate days with 1 week between the first and the
second assessment. Those who were assigned to the

vibration group for the first
assessment had to perform
the no-vibration trial on their
second visit, and vice versa. All
participants chose their domi-
nant leg to be treated. They
were requested to be fully
hydrated and had their last
meal at least 2 hours before
the tests. All tests were per-
formed in the same laboratory
and at the same time of the day
for each player to maintain
similar arousal levels.

Procedure

After the random assignment
of treatments, a mark was pen-
ciled on the anterior superior

Figure 5. Quadriceps stretching treatment (with or without vibration).

TABLE 1. Analysis of the within-subject variance.*

Assessment
of flexibility r ICC (95% CI)

ANOVA of repeated measures

Mean
square F p h2

No vibration
Baseline 0.997 0.999 (0.999–0.999) 0.344 4.102 0.056 0.170
Posttreatment 0.995 0.997 (0.993–0.999) 0.504 3.276 0.085 0.141

Vibration
Baseline 0.984 0.992 (0.980–0.997) 0.004 0.008 0.929 0.001
Posttreatment 0.999 0.999 (0.998–1) 0.034 0.945 0.343 0.045

*Statistical differences between the first and second flexibility assessment in each trial, for
each group (n = 2) and treatment (n = 2). p , 0.001 for r and ICC. ICC = intraclass
correlation coefficient; 95% CI = 95% confidence interval; ANOVA = analysis of variance.

Vibration Stretch Did Not Affect Footballers’ Strength
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iliac spine of each player by palpation. The following
chronological sequence of events outlines the conduct of
the investigation.

Warm-up. A 5-minute standard warm-up was imposed
including 2 minutes of cycling at 60 rpm against 2 kg
resistance on a Monark ergometer (874e; Monark, Vansbro,
Sweden). A prescribed stretching warm-up was also required
before assessment. The stretches involved the hamstrings,
quadriceps, gastrocnemius, and hip adductors. Each stretch-
ing position was held for 10 seconds.

Flexibility Assessment. The test consisted of adopting a for-
ward split position with the rear leg flexed at the knee and
the shank held vertically against a matted block. Athletes

were requested to keep their
shoulders straight and facing
forward, the toes of their front
leg facing straight forward while
lowering to the position until
discomfort was felt (Figure 2).
Two measurements of the
height of the anterior superior
iliac spine were obtained by
the same investigator using a
vertical meter stick. The mean
of the 2 readings was calcu-
lated and used in further anal-
yses. The lower the anterior
superior iliac spine, the lower
the split, and the better the
performance.

The flexibility test is modi-
fied from the original forward
split test used in the Talent
Opportunity Program of USA

Gymnastics (37) in women’s gymnastics to reduce “cheat-
ing” in the split position. The modification included flexing
the rear knee and setting it against a vertical block or mat.
The ideal position for a forward split has the pelvis aligned
perpendicularly to each leg so that flexion of the forward
thigh and hyperextension of rear thigh occurs in the sagittal
plane relative to the frontal plane of the pelvis (28). By plac-
ing the rear knee in flexion against the matted block, the
gymnast is less likely to cheat in the forward split position
by allowing his pelvis to turn toward the rear leg.

Strength Assessment. The strength of the hip muscles was
assessed using a Cybex Norm machine (Cybex International,
Medway, MA, USA). Athletes performed 3 maximal knee
flexion and extension efforts in a prone position as described

Figure 6. Pre- and postflexibility assessments with and without vibration (*p # 0.05).

TABLE 2. Comparison between the 2 groups and 2 treatments using a 2- 3 2-way ANOVA for repeated measures.*

Variable Effect F df p h2 Post hoc p

Flexibility
Flex Tr 3 G 101.03 1.40 0.001 0.716 Tr1: g2 . g1 0.030

Tr 140.03 1.40 0.001 0.778 G1: Tr1 . Tr2 0.001
G 1.47 1.40 0.23 0.035 Tr1 . Tr2 0.001

Strength
Hamstring Tr 3 G 0.064 1.40 0.801 0.002

Tr 0.075 1.40 0.786 0.002
G 0.001 1.40 0.977 0.000

Quadriceps Tr 3 G 1.50 1.40 0.227 0.036
Tr 1.34 1.40 0.253 0.033
G 0.58 1.40 0.811 0.001

*Treatment (Tr), group (G), vibration (1), no vibration (2). ANOVA = analysis of variance.
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in the manufacturer’s manual. This test was chosen to place
the participants in the most natural position and to avoid any
closed chain actions while performing the exercise. The peak
torque values were recorded by the Cybex software. The
Cybex machine was adjusted to fit the player’s appropriate
position with isokinetic motion set at 608$s21. The move-
ment velocity was purposely slow to match the semiprofes-
sional level of the participants. In addition, according to
a similar previous study, the dynamometer’s velocity did
not affect the rate-of-force development (10). A belt was
placed tightly around the player’s hips to avoid involvement
of other muscular groups while the arms were stretched and
held along the sides (Figure 3). The same position was used
in pretest and posttest.

Each player performed a pretest measurement for flexi-
bility and strength (before any treatment), followed by either
vibration or no-vibration stretching treatment and finishing
by posttests replicating pretests.

Treatment. A Power Plate platform (MY5 Silver, Model 2011,
Powerplate, Amsterdam, The Netherlands) was used for the
vibration treatment. The experimental group performed the
stretching series with the Power Plate turned on, whereas
the control group treatment was the same except that the
Power Plate was turned off. Figures 4 and 5 show the stretches
the participants performed. Stretching the hamstrings required
a flexed standing knee, the treatment leg was kept straight, toes
upward, and upper body leaning forward until discomfort was
achieved. The participants achieved a static stretching position,
without bouncing, for 45 seconds at a frequency of 35 Hz and
with vibratory amplitude of 2 mm. Stretching the quadriceps
muscles required the leg to be placed rearward from the hip
with the thigh muscles downward resting on the Power Plate
and with a straight knee. The rear leg was placed such that the

rear knee rested on the ground
directly behind the athlete’s
forward leg, which was placed
with the heel on the Power
Plate (Figures 4 and 5). After
the test was completed, all
participants were allowed
a 2-minute cool down using
the cycle ergometer.

Statistical Analyses

Again, 21 participants per-
formed 2 tests, separated by
1-week interval. The experi-
mental treatment involved
vibration and the control treat-
ment did not. The participants
acted as their own controls. All
data were reported as mean
and SD. As the sample size
was below 40, a Shapiro-Wilk

test and visual inspection of histograms and box plots were
used to assess data distribution normality. The majority of
the measurements demonstrated a normal distribution (p $

0.05). A Levene’s test verified the equality of the variance in
the samples (p . 0.05). A 2-way factorial analysis of variance
with repeated measures was then applied to analyze the
statistical differences between tests and treatment group re-
sults. When statistical differences were observed, a Sidak
post hoc procedure was applied enabling pairwise compar-
isons between the treatments, tests, and the interaction
between treatment and tests. Pearson correlation and intra-
class correlation coefficient (ICC) were used to study the
within-player reliability during the assessment of the flexibil-
ity. Pearson product-moment, zero-order correlation coeffi-
cients were also calculated to assess changes in flexibility and
strength. Statistical significance was set at p # 0.05. All cal-
culations and statistics were calculated using the software
package SPSS, version 20 (SPSS, Inc., Chicago, IL, USA).

RESULTS

The assessment of flexibility was internally consistent across
trials (Table 1). Pearson correlation (r) and ICC analyses
showed high values (r $ 0.98; ICC $ 0.99). There were
no statistical differences between both trials independently
of the group and treatment (p . 0.05).

No statistically significant difference was found between
the 2 trials when the pretests or the posttests, respectively,
were compared (p . 0.05). Figure 6 shows improved flexi-
bility when the vibration treatment was applied as compared
with the control treatment (p # 0.05). Statistical compari-
sons are shown in Table 2.

The difference between pretreatment and posttreatment is
designated as the “magnitude of change”. The participants
gained 7.8% in their range of motion when their lower

Figure 7. Pre- and postisokinetic strength assessments of the quadriceps with and without vibration.
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extremity muscles were vibrated. This magnitude of change
was statistically different (p = 0.001 , 0.05) to the one cal-
culated following the passive stretching, where the magni-
tude of change was only 0.6% (Figure 6).

Muscle strength was expressed by the isokinetic maximal
voluntary contraction of the quadriceps and the hamstrings
(Figure 7). No statistically significant difference was found
when comparing the quadriceps torque values between pre-
test and posttest or between treatment conditions (p . 0.05;
Table 2).

Similarly, knee flexion strength assessments did not reach
a statistically significant differences when comparing pretest
measurements with either posttest vibration or posttest
no-vibration control treatment measurements (p . 0.05;
Table 2, Figure 8).

This study did not support the premise that stretching
resulted in a decline in maximal strength, as measured in
knee flexion and extension using isokinetic machine. Pearson
correlation analysis further supported this result by showing
a nonstatistically significant correlation (p . 0.05; Table 2).

DISCUSSION

This investigation is one of the few studies to focus on
flexibility and its effect on isokinetic strength assessed by
torque production of the knee muscles (10,29). The results
showed a significant increase in hamstring and quadriceps
flexibility following an acute treatment of local vibration
when compared with passive stretching, as shown in
Figure 6. This result confirmed an increasing number of recent
studies that showed similar effects (11,19,22,25,33,35,37).
Although slight differences exist between the experimental
designs of these studies, the outcomes are consistent. A
number of suggestions have been presented in an attempt
to explain the underpinning physiological mechanisms.

The following points highlight
the likely mechanisms behind
these effects:

� Inhibition/reduction of
the stretch reflex. Bongio-
vanni and Hagbarth (4)
suggested that vibration
causes a stimulation of
the spindle within the ex-
trafusal fibers, which is
unlike the potential mech-
anism within the intrafusal
fibers. Bove et al. (5) have
investigated the effect of
vibration of the soleus
and anterior tibialis
muscles on the stretch
reflex and short to
medium latency reflex re-
sponses. The authors
showed that medium

latency reflexes were reduced more than the short
latency reflex following different vibration frequencies
(30 and 90 Hz). Their explanations were based on the
presynaptic inhibition of group Ia afferent fibers (or
a “busy line” phenomenon), which is created when both
vibration and stretching nerve traffic occupy the same Ia
pathways. Earlier in the 1980s, Claus et al. (8) have also
suggested that the combination of vibration stimulus
and strong stretching may result in the activation of
the Golgi tendon organ through Ib pathways and re-
sulting in autogenic inhibition of the vibrated muscle.

� Increase in blood flow and temperature: increases in
heart rate, fluid volume, blood flow velocity, and blood
pressure have been noted following vibration stimuli
(21,30). These may account for an increased muscle
temperature. Increased temperature has also been
linked to increased muscle extensibility (12,15).

Other mechanisms have also been suggested but with less
evidence and/or contradictory results, such as induced
relaxation (6), pain threshold (27,35), and thixotoropy (2,18).

This study also aimed to investigate the effect of vibration-
enhanced static stretching on the isokinetic strength of the
hamstring and quadriceps muscles. The results here did not
show statistically significant differences in strength following
both types of acute stretching trials (Figures 7 and 8). Our
investigation supports the results of Kinser et al. (22) also
showing that vibration-enhanced static stretching did not
show a postvibration stretching-induced decline in vertical
jump ability, thus maintaining strength and power. Our data
contrast with previous studies, such as that of Power et al.
(29). The latter investigated whether acute static stretching
affects isometric force, muscle activation, and jump power.
They found that static stretches had reduced the maximal
voluntary contraction torque of the quadriceps by 9.5%.

Figure 8. Pre- and postisokinetic strength assessments of the hamstring with and without vibration.
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They also showed that torque remained statistically
decreased by 10.4% over the 120 minutes following the trial.
The 45-second static stretching applied in this study did not
affect our footballers’ maximal voluntary contraction torques
in either muscle group. Figures 7 and 8 show nonstatistically
significant percentages in the magnitude of change. A few
methodological differences could explain the contrary find-
ings. The duration of the treatment in our study was 2 times
45 seconds together for the hamstring and the quadriceps,
whereas Power et al. treated their participants with 2 sets of
3 times 45 seconds separated by 15-second relaxation (total
of 2 minutes and 30 seconds of treatment for each muscle
separately). Total treatment time in the study of Power et al.
required treatment of 3 muscles and thereby summed to
almost 12 minutes. Longer exposure to static stretching
may affect strength expression more profoundly than shorter
duration exposures. We must also emphasize that the current
study engaged a larger and more homogeneous sample
when compared with Power et al.: 21 footballers regularly
practicing a minimum of 6 hours per week and belong to only
1 league team vs. 12 university male students. Power et al.
failed to provide any further details on their participants,
which makes the comparison even more difficult. Strength
assessment was also different between the studies. Power
et al. have assessed isometric maximal voluntary contractions
where the subjects were seated in a straight back chair with
hips and knees at 908 with their leg secured in a modified boot
apparatus, whereas our study used dynamic isokinetic maxi-
mal voluntary contractions where participants were laying on
prone position.

Power et al. (29) showed an increased range of motion of
6% in 12 participants. Our footballers have increased their
range of motion following static stretching by only 0.6%
(Figure 6), which was nonsignificantly different and there-
fore did not confirm the findings of Power et al. Again, the
way flexibility was assessed differs between the studies.
Power et al. used the sit-and-reach test, which unfortunately
would systematically involve the back and spine muscle
resistance and thereby influence the overall results. To avoid
this issue and based on the fact that the back and spine
muscles were not treated, the current study has assessed
the flexibility of the knee muscle using a split test.

Similar outcomes were reported by Costa et al. (10) who
examined the acute effects of hip and calf stretching on ham-
strings and quadriceps peak torque during maximal concen-
tric isokinetic muscle contractions in women. The authors
reported a 7.2% decrease in knee flexion peak torque, but no
statistical change in quadriceps strength. Our results partially
confirm that of Costa et al. with regard to the quadriceps
strength but contrasts with hamstring torque reduction.
Although physiological and anatomical differences between
men and women could have contributed in the outcomes
(such as, muscle mass and muscle stiffness), these have not
been controlled in either study. However, we could refer to
the stretching durations that was different between the 2

studies; our footballers have stretched for only 2 single
stretches held for 45 seconds each (90 seconds in total),
whereas female participants in Costa et al. performed a set
of 30-second stretches repeated 4 times, with 20-second rest
between repetitions (total stretch 120 seconds).

More studies are confirming that strength or power
performances may be hindered if the power expressions
are preceded by static stretching (3,14,23,26,38). Simic et al.
(38) have shown in a meta-analysis that strength reduction
may be observed with a minimum static stretch duration of
45 seconds. Isometric strength could be more pronounced
than dynamic. The same authors added that this effect is not
related to player’s age, gender, or fitness level. Other authors
attributed this decrease in performance to an increase in
musculotendinous unit compliance, which in turn could lead
to a decrease in the ability to store elastic energy tension
during the development of eccentric movements (14,26).

Nevertheless, recent studies investigating the effect of
vibration stretching on strength are not unanimous, with
some showing positive effects (9,19,24) and others showing
the opposite (17) or no effect (22). Herda et al. (17), for
example, showed that peak torque of the plantar flexors
decreased by 5% following 20 minutes of vibration treat-
ment. Our study did not support this contention because
hamstring torque was a nonstatistically significant reduction
of only 1.9% after static vibration stretching (Figure 7). In
contrast, the quadriceps increased torque, without reaching
statistical significance, by 6% but without reaching a statisti-
cal significant level either.

It has been suggested that combination of vibration
stimulus and stretching may activate the Golgi tendon organ
and result in autogenic inhibition of the vibrated muscle and
therefore enhances its passive viscoelastic characteristics (1).
However, vibration effect on maximal voluntary contraction
did not reach a consensus. The aim of this study was to
compare the effects of acute vibration-enhanced static
stretching or static stretching along on the strength and
flexibility of the hamstrings and quadriceps muscles. The
only statistically significant difference found was the increase
in hamstring flexibility after vibration-enhanced static
stretching when compared with passive stretching (27.8%
vs. 20.6%, respectively). No significant change was however
noticed in the maximal voluntary contractions of the knee
flexors and/or extensors following either treatment. More
evidence-based reports are however showing the benefits
of the vibration-enhanced static stretching on range of
motion.

PRACTICAL APPLICATIONS

The above findings may be helpful in field and clinical
settings. We have noticed that several teams/athletes are
currently applying vibration during a game halftime or break
time in football and rugby. At this point of time and with
only very few studies investigated the static vibration-
induced stretching’s effect on strength, a wise use of the
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vibration device should be considered to guarantee the sub-
sequent performance. Our results showed that acute 90-second
static vibration-induced stretching did not impair strength in
either quadriceps or hamstring of football participants. There is
evidence of increased flexibility using the device, however,
coaches and scientists should bear in mind that there is signif-
icant growing evidence showing negative effect of static
stretching on the subsequent performance.

The use of vibration-enhanced static stretching compared
with classic field or clinical methods could provide beneficial
effects, especially for general conditioning and rehabilitation.
Previous studies have shown that participants have not only
gained range of motion but have also saved time when using
vibration-enhanced static stretching. The acute and chronic
effects of this new technology on strength and power
however still require further investigations before reaching
a consensus.

ACKNOWLEDGMENTS

We thank all the footballers who took part in this investi-
gation that was funded by the University of Greenwich,
London, United Kingdom.

REFERENCES

1. Alter, MJ. Science of Flexibility (3rd ed.). Champaign, IL: Human
Kinetics, 2004.

2. Axelson, HW. Human motor compensations for thixotropy-
dependent changes in muscular resting tension after moderate joint
movements. Acta Physiol Scand 182: 295–304, 2004.

3. Behm, DG, Bambury, A, Cahill, F, and Power, K. Effect of acute
static stretching on force, balance, reaction time, and movement
time. Med Sci Sports Exerc 36: 1397–1402, 2004.

4. Bongiovanni, LG and Hagbarth, KE. Tonic vibration reflexes
elicited during fatigue from maximal voluntary contractions in man.
J Physiol 423: 1–14, 1990.

5. Bove, M, Nardone, A, and Schieppati, M. Effects of leg muscle
tendon vibration on group Ia and group II reflex responses to stance
perturbation in humans. J Physiol 550: 617–630, 2003.

6. Cafarelli, E, Sim, J, Carolan, B, and Liebesman, J. Vibratory massage
and short-term recovery from muscular fatigue. Int J Sports Med 11:
474–478, 1990.

7. Chan, SP, Hong, Y, and Robinson, PD. Flexibility and passive
resistance of the hamstrings of young adults using two different
static stretching protocols. Scand J Med Sci Sports 11: 81–86, 2001.

8. Claus, D, Mills, KR, and Murray, NM. The influence of vibration on
the excitability of alpha motoneurones. Electroencephalogr Clin
Neurophysiol 69: 431–436, 1988.

9. Cochrane, DJ and Stannard, SR. Acute whole body vibration
training increases vertical jump and flexibility performance in elite
female field hockey players. Br J Sports Med 39: 860–866, 2005.

10. Costa, PB, Ryan, ED, Herda, TJ, DeFreitas, JM, Beck, TW, and
Cramer, JT. Effects of stretching on peak torque and the H:Q ratio.
Int J Sports Med 30: 60–65, 2009.

11. Decoster, LC, Cleland, J, Altieri, C, and Russell, P. The effects of
hamstring stretching on range of motion: A systematic literature
review. J Orthop Sports Phys Ther 35: 377–387, 2005.

12. Draper, DO, Castro, JL, Feland, B, Schulthies, S, and Eggett, D.
Shortwave diathermy and prolonged stretching increase hamstring
flexibility more than prolonged stretching alone. J Orthop Sports Phys
Ther 34: 13–20, 2004.

13. Feland, JB, Hopkins, T, and Hunter, I. Acute changes in hamstring
flexibility using a whole body vibration platform with static stretch.
Med Sci Sports Exerc 37: 410, 2005.

14. Fletcher, IM and Anness, R. The acute effects of combined static
and dynamic stretch protocols on fifty-meter sprint performance in
track-and-field athletes. J Strength Cond Res 21: 784–787, 2007.

15. Funk, D, Swank, AM, Adams, KJ, and Treolo, D. Efficacy of moist
heat pack application over static stretching on hamstring flexibility.
J Strength Cond Res 15: 123–126, 2001.

16. Gleim, GW and McHugh, MP. Flexibility and its effects on sports
injury and performance. Sports Med 24: 289–299, 1997.

17. Herda, TJ, Ryan, ED, Smith, AE, Walter, AA, Bemben, MG,
Stout, JR, and Cramer, JT. Acute effects of passive stretching vs
vibration on the neuromuscular function of the plantar flexors. Scand
J Med Sci Sports 19: 703–713, 2009.

18. Ishihara, Y, Izumizaki, M, Atsumi, T, and Homma, I. After effects of
mechanical vibration and muscle contraction on limb position-
sense. Muscle Nerve 30: 486–492, 2004.

19. Issurin, VB, Liebermann, DG, and Tenenbaum, G. Effect of
vibratory stimulation training on maximal force and flexibility.
J Sports Sci 12: 561–566, 1994.

20. Jemni, M; Francis and Taylor Grp. The Science of Gymnastics.
London, United Kingdom: Routledge, 2011. pp. 2–54.

21. Kerschan-Schindl, K, Grampp, S, Henk, C, Resch, H, Preisinger, E,
Fialka-Moser, V, and Imhof, H. Whole-body vibration exercise leads
to alterations in muscle blood volume. Clin Physiol 21: 377–382,
2001.

22. Kinser, AM, Ramsey, MW, O’Bryant, HS, Ayres, CA, Sands, WA,
and Stone, MH. Vibration and stretching effects on flexibility and
explosive strength in young gymnasts. Med Sci Sports Exerc 40: 133–
140, 2008.

23. Markovic, G, Simic, L, and Mikulic, P. A meta-analysis to determine
the acute effects of static stretching on jumping and sprinting
performance. Med Sci Sports Exerc 41: 63–64, 2009.

24. Marshall, LC and Wyon, MA. The effect of whole-body vibration
on jump height and active range of movement in female dancers.
J Strength Cond Res 26: 789–793, 2012.

25. McNeal, JR, Edgerly, S, Sands, WA, and Kawaguchi, J. Acute effects
of vibration-assisted stretching are more evident in the non-
dominant limb. Eur J Sport Sci 11: 45–50, 2011.

26. McNeal, JR and Sands, WA. Acute static stretching reduces lower
extremity power in trained children. Pediatr Exer Sc 15: 139–145, 2003.

27. Pantaleo, T, Duranti, R, and Bellini, F. Effects of vibratory
stimulation on muscular pain threshold and blink response in human
subjects. Pain 24: 239–250, 1986.

28. Pongetti, GM. Stretching. Technique 25: 6–8, 2005.

29. Power, K, Behm, D, Cahill, F, Carroll, M, and Young, W. An acute
bout of static stretching: Effects on force and jumping performance.
Med Sci Sports Exerc 36: 1389–1396, 2004.

30. Rittweger, J, Beller, G, and Felsenberg, D. Acute physiological
effects of exhaustive whole-body vibration exercise in man. Clin
Physiol 20: 134–142, 2000.

31. Sands, WA. Talent Opportunity Program. Indianapolis, IN: United
States Gymnastics Federation, 1993. pp. 20–30.

32. Sands, WA. Physiology. In: Scientific Aspects of Women’s Gymnastics.
W.A. Sands, D.J. Caine, and J. Borms, eds. Basel, Switzerland: Karger
publisher, 2002. pp. 128–161.

33. Sands, WA. Flexibility. In: USA Diving Coach Development Reference
Manual. R.M. Malina and J.L. Gabriel, eds. Indianapolis, IN: USA
Diving, 2007. pp. 95–103.

34. Sands, WA. Flexibility. In: Strength and Conditioning Biological
Principles and Practical Applications. M. Cardinale, R. Newton, and K.
Nosaka, eds. Hoboken, NJ: John Wiley and Sons, Ltd, 2010. pp.
391–400.

Journal of Strength and Conditioning Research
the TM

| www.nsca.com

VOLUME 28 | NUMBER 11 | NOVEMBER 2014 | 3113

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



35. Sands, WA, McNeal, JR, Stone, MH, Haff, GG, and Kinser, AM.
Effect of vibration on forward split flexibility and pain perception
in young male gymnasts. Int J Sports Physiol Perform 3: 469–481,
2008.

36. Sands, WA, McNeal, JR, Stone, MH, Kimmel, WL, Haff, GG, and
Jemni, M. The effect of vibration on active and passive range of
motion in elite female synchronized swimmers. Eur J Sport Sci 8:
217–233, 2008.

37. Sands, WA, McNeal, JR, Stone, MH, Russell, EM, and Jemni, M.
Flexibility enhancement with vibration: Acute and long-term. Med
Sci Sports Exerc 38: 720–725, 2006.

38. Simic, L, Sarabon, N, and Markovic, G. Does pre-exercise static
stretching inhibit maximal muscular performance? A meta-
analytical review. Scand J Med Sci Sports 23: 131–148, 2013.

39. Torres, JB, Conceifao, MCSC, Sampaio, AO, and Dantas, EHM.
Acute effects of static stretching on muscle strength. Biomed Hum
Kinet 1: 52–55, 2009.

40. Verkhoshansky, Y and Siff, M. Supertraining. Rome, Italy: Ultimate
Athlete Concepts, 2009.

41. Wilcock, IM, Whatman, C, Harris, N, and Keogh, JWL. Vibration
training: Could it enhance the strength, power, or speed of athletes?
J Strength Cond Res 23: 593–603, 2009.

Vibration Stretch Did Not Affect Footballers’ Strength

3114 Journal of Strength and Conditioning Research
the TM

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.


