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ABSTRACT

Hamstring muscle injuries are one of most frequent injuries in team sports. Whole-body vibration (WBV) has
an important effect on flexibility that could prevent shortening of the hamstrings. To investigate both acute
and residual effect of a single bout of WBV on hamstring flexibility in a group of university athletes from team
sports 70 athletes (81% men, age 21 + 1.9 years old) were separated into three groups; control group (CG;
n=24), hamstring flexibility group without vibration (-V; n=23), and hamstring flexibility group with vibration
(+V; n=23). Both -V and +V groups performed the same experimental protocol, composed of 6 sets of 30
seconds of passive hamstring flexibility over a vibration platform with both legs alternately (full-length 6
minutes; 3 minutes per leg). A high-magnitude vibration loading was applied only in +V group (40 Hz and 4
mm). Hamstring flexibility was evaluated through the Modified Sit and Reach (MSR) and Passive Straight
Leg Raise (PSLR) test before (baseline), immediately after (acute effect), and after 72 h (residual effect)
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intervention. Both experimental groups showed a significant improvement in flexibility compared to CG in all
measures (p<0.05). No statistical differences were found between +V and -V, however, MSR, right PSLR,
and left PSLR residual effect size (Cohen's d) were greater in +V. In conclusion, adding a WBV stimulus to
flexibility training improves acute and residual hamstring flexibility in university athletes from team sports.
Keywords: Soccer; Vibration training; Injury prevention; Team sports; Stretching.
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INTRODUCTION

Injuries to the hamstring muscle are frequent among individuals and within team sports (Edouard et al., 2016).
This type of injury decreases range of motion in hip flexion and can negatively affect the pelvis and lumbar
spine (Mifarro et al., 2008). Depending on the magnitude of damage, these injuries can restrain an athlete
from competing for 14-18 days (Cross et al., 2015). In clinical sports screening, it is essential to assess and
prevent shortening of the hamstrings (Cross et al., 2015; Witvrouw et al., 2003).

Several methods have shown positive effects on range of motion related to the hamstring muscle, both in
athletes and physically active subjects (van den Tillaar, 2006; Fagnani et al., 2006). The most studied
methods are passive, static and ballistic stretching techniques, proprioceptive neuromuscular facilitation
(Dastmenash et al., 2010), and modified hold-relax stretching protocols (Spernoga et al., 2001).

Several experimental studies have suggested that whole or localized-body vibration generates a
considerable increase in hamstrings flexibility (Van den Tillaar, 2006; Marshall & Wyon, 2012; Di Giminiani
et al.,, 2010). A meta-analysis of 600 healthy young subjects showed that whole-body vibration (WBV)
significantly improves flexibility when compared to the identical condition without vibration (Osawa & Oguma,
2013). Furthermore, an experimental study carried out in dancers determined the aforementioned additive
effect of WBV could endure for over 48 hours (Marshall & Wyon, 2012). Therefore, WBV could possibly be
used as a complementary training method to increase hamstring flexibility and reduce the prevalence of
hamstring muscle injuries (Witvrouw et al., 2003; Henderson et al., 2010).

To date, there is a lack of studies that evaluate the residual effect of WBV on hamstring flexibility in team
sports athletes. The aim of this study was to determine acute and residual effects (72 h) of WBV on hamstring
flexibility in a group of athletes from university-level team sports.

MATERIALS AND METHODS

Experimental Design

The present study was designed according to CONSORT 2010 guidelines (Consolidated Standards of
Reporting Trials), a checklist intended to improve the quality of reports of randomized controlled trials,
consisting of 25 items (37 points total) (Schulz et al., 2011). In addition, this study uses recommendations of
the International Society of Musculoskeletal and Neuronal Interactions (ISMNI) for reporting WBV
intervention; including 13 factors of vibration platform and vibration parameters (i.e., intensity, amplitude,
acceleration, body position, kind of exercise, etc.) (Rauch et al., 2010).

Participants

Sample size was determined according to changes in hamstring flexibility measured by MSR test given to a
group of young physically active subjects, submitted to a control (A = 3.14 cm; SD = 2.11) or a bout of WBV
(A =5.30 cm; SD = 1.67) (Di Giminiani et al., 2010). Also, a loss rate of 20% was considered taking account
the same reference study. Statistical power analysis indicated that at least 19 participants per group would
yield adequate power (i.e., >80%) and a (i.e., <0.05), with a detectable variation of 2.16 cm (A between
experimental — control group).

70 athletes (81% men; age 21.0 £ 1.9 yrs.; weight 68.4 £ 9.4 kg; height 170.5 + 8.6 cm; fat 18.5 + 6.2 %)
from various team sports participated during September and October 2012. Subjects were separated into
three groups randomly (https://www.randomizer.org) i) control group (CG; n=24), ii) flexibility group without
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vibration (-V; n=23), and iii) flexibility group with vibrations (+V; n=23). The characteristics of each group are
provided in Table 1. No statistical differences were found among groups in relation to their baseline
characteristics.

Table 1. Characteristics of each participant’s groups

Characteristic CG v v p-value
(n=24) (n=23) (n=23)

n (men/women) 19/5 19/4 19/4

Age (yrs) 21118 209+1.8 21023 0.953

Weight (kg) 67.3+10.4 67.7 187 67.5+9.1 0.982

Height (cm) 169.2+9.2 171.5+6.6 1716 £94 0.619

Fat (%) 18.6 £6.2 19.0+6.5 18.1+£6.3 0.827

Mean = SD. CG: control group; -V: hamstring flexibility group without vibration; +V: hamstring flexibility group with vibration.
Intergroup comparisons were assessed for significance by using one-way analysis of variance (ANOVA) with Bonferroni’s post hoc
test for multiple comparisons. A level of p<0.05 was accepted as statistically significant.

Inclusion criteria were: i) men and women aged 18-26 years old; ii) active participant of a university sports
team organization (i.e., soccer, basketball, and volleyball); iii) training at least three times per week; iv) no
history of hamstring injury in past 6 months. This last point was corroborated both through a personal
interview and through a passive straight leg raise (PSLR) test. A PSLR angle >80° was considered a normal
(Ayala et al., 2013). On the other hand, participants who missed any evaluation were excluded. This present
study was conducted out according with the international deontological standard for research involving
human subjects set forth in the declaration of Helsinki. All participants signed informed consent and were
made aware of procedures and objectives. The Figure 1 shows phases of the randomized trial in a flow
diagram.

Assessed for eligibility
(n=70)
Excluded (n = 0)
— *Not meeting inclusion (n= 0)
*Declined to participated (n= 0)

Randomized
[ (n=|70) ]
| ! !

[ Control group (CG) }[ Flexibility without vibration (-V) ][ Flexibility with vibration (+V) ]

{[e]}]

; (n=24) (n=23) (=23
Allocated to intervention (n=23)
Received allocated intervention (n=23)

Allocated to intervention (n=23)
Received allocated intervention (n= 23)

Allocated to intervention (n=24)
Received allocated intervention (n=24)

=
©
3]
K}
<

Analyzed (n=24)

Analyzed (n=23) Analyzed (n=23)
Excluded from analysis (n=0)

Excluded from analysis (n=0) Excluded from analysis (n=0)

Discontinued intervention Discontinued intervention Discontinued intervention
(n=0) (n=0) (n=0)

Figure 1. Flow diagram of progress through phases of randomized trial
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Procedure

Each participant visited our physical activity laboratory three times (72 hour interval) in order for
anthropometric measurements, hamstring flexibility evaluation and WBV experimental protocol (Figure 2).
Participants did not present any physical complications during the experimental protocol.

v v \ 4
72h ; s s
Anthropometrics (el . Hamstring flexibility T Hamstring flexibility
measurements (-) flex during measurement (;)poe:txtrauirr:;% measurement
spo rinng
v

Experimental design
(Randomization)

v \4 \4

Control group  +V group -V group

Hamstring flexibility
measurement

Acute effect

Figure 2. Procedure study

Day 1

On the first day, participants were familiarized with WBV experimental protocol. Anthropometric
measurements were taken in the first hour of the morning (8:00 to 9:30 a.m.). Height (cm) was measured
with a stadiometer (model 216, Seca, Germany). Weight (kg) and fat (%) have been evaluated by digital
scale calibrated with a precision of 0.1 kg (electrical bioimpedance, model TBF-300A, Tanita, Japan).
Participants were asked to fast overnight, not to exercise for at least 12 hours, and not to drink caffeine or
alcoholic beverages for the previous 24 hours. Finally, the flexibility evaluation protocol and
recommendations were explained the next evaluation day.

Day 2
Before and after WBV experimental protocol (baseline and acute effect, respectively), hamstring flexibility
was evaluated by sit and reach modified (MSR) and PSLR test.

Day 3
72 hours after WBV experimental protocol, the MSR and PSLR test was evaluated again to determine
residual effect.

Measurements

PSLR test

PSLR was measured by a universal goniometer with 1° increment (Whitehall Manufacturing, Model G300,
USA) (Tsuiji et al., 2014). All manual measurements were carried out by an expert examiner.

Legs of each participant were lifted passively into hip flexion by a second evaluator. The ankle was kept
relaxed to minimize the influence of the gastrocnemius muscle. The endpoint for PSLR was determined by:
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a) the examiner’s perception of firm resistance, and b) palpable onset of pelvic rotation (Ayala et al., 2013).
The test was performed twice, with a rest period of 10 seconds and the highest score was recorded.

Modified SR test

The American College of Sport Medicine evaluation protocol was used, (box 12-in. [30.5 cm] high). Before
beginning the evaluation, participants were asked to slowly bend forward and try to touch their toes with legs,
arms and hands fully extended. When finished, the participant sat on the floor with their heads, back and hips
against the wall (90° at hip joint) and soles of the feet place against the edge of the box. In this position,
participants were ordered to place one hand over the other, sliding along the measurement scale, with their
head, back and hips remaining in contact with the wall. This distance established an initial point; later,
participants performed a maximal trunk flexion with knees extended. The final result was distance in
centimetres reached during maximal trunk flexion, taking as the initial reference the previously established.
In order for this result to be valid, the patient had to maintain this position for at least 2 seconds. The test was
performed twice with a rest period of 10 seconds, recording the farthest distance covered. This protocol
mentioned has been used in prior studies (Ayala et al., 2012).

WBYV experimental protocol

Both +V and -V groups performed the same experimental protocol (with or without vibration, respectively),
composed of 6 sets of 30 seconds of passive hamstring flexibility over the vibration platform with both legs
alternately (full-length 6 min; 3 min per leg). An instructor supervised constantly, timing each participant as
they extended one leg to the platform (Ayala et al., 2013) and touching the tip of his foot with one hand with
the other hand placed on the knee (Figure 3). The WBV experimental protocol using a vertical type vibration
platform (Excel Pro, Fitvibe, Belgium) at intensity and amplitude of 40 Hz and 4 mm, respectively. Magnitude
was estimated using the proposal equation of Kiiski equivalent to 25.8 g-force (Kiiski et al., 2008). In addition,
this high-magnitude high-frequency loading has been used previously (Ghazalian et al., 2014). In relation to
the control group; they should continue their sport training regularly. Moreover, no warm-up or stretching
exercises were performed by the subjects prior to test measurements as methodological bias should have
been present by increasing hamstring muscle extensibility (Ayala et al., 2013).

Statistical analysis

To determine baseline differences among groups, as well as the effect of vibration over time on each variable,
we used one-way and two-way ANOVA 3x3 [three protocols (CG, +VI and -VI) three times each (baseline
and, acute and residual effect)], respectively. Bonferroni post hoc testing was used in all pairwise
comparisons when a significant result was found. Level of significance was set p<0.05. Statistical analysis
with SPSS version 21. Also, effect size (ES) was calculated with Cohen’s d ([ES: mean post-intervention —
mean pre-intervention] / pre-intervention standard deviation), where baseline values served for pre-
intervention, and acute or residual values were post-intervention references. Strength of effect was assessed
according to the following interpretation: trivial (0-0.19), small (0.20-0.49), medium (0.50-0.79) and large
(0.80 and greater) (Cohen, 1992).
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Figure 3. Hamstring flexibility and vibration position

RESULTS

Quality of randomized controlled trial and WBYV experimental study

Regarding the CONSORT guide, this study met the requirements of 32 points, of the total 37. The following
points were not achieved: 7b) explanation of any interim analyses and stopping guidelines, 11a) blinding,
11b) description of similarity of interventions, 23) registration number, and 24) full trial protocol.

According to ISMNI recommendation, this study obtained 11 points of the total 13. Only two points were not
achieved, these are associated with: 7) skidding of feet was evaluated, and 8) changes of vibration settings.

Hamstring flexibility results
Non-differences were found among the 3 groups in regard to their initial values (baseline) in both MSR and
PSLR test (right and left leg). table 2 shows the results of each test.

Sit and Reach modified

Both intervention groups (-V and +V) significantly increased hamstring flexibility compared with baseline
(p<0.05). The +V group improved 5.7% more than -V, with greater ES (medium vs. small, respectively). In
relation to the residual effect, both maintained the increased flexibility achieved 72 h prior, however, this
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improvement was 4.9% greater in +V than -V (Figure 4). The ES was reduced less in +V than in -V (0.51 to
0.38 and 0.28 to 0.17, respectively), and only +V managed to maintain a small ES (table 2).

Table 2. Acute and residual effect of WBV in hamstring flexibility

Mean £ SD Mean difference (95% Cl) A% Change  Cohen’s d ES (95% ClI)
Test  Group
Bas Ac Re Bas vs. Ac Basvs.Re Bas Bas Bas vs. Bas vs. Re
vs.Ac vs.Re Ac
+0.74 -0.04 i} 0.11(-0.45 0.00 (-0.55
CG 31.7466 324465 31.746.4 (151000) (0810-07) 2.3 0.1 to 0.66) to 0.55)
MSR +2.13" +1.36* 0.28 (-0.28 0.17 (-0.39
(cm) VI  30.0£75 32166 31.316.6 (311010) (23100.3) 7.1 4.5 t0 0.88) 0 0.76)
+3.99* +2.92* 0.51(-0.08 0.38(-0.20
+VI 312478 352477 34.2475 (491030) (38101.9) 12.8 94 0 1.12) 0 0.99)
+2.16 -0.64 0.26 (-0.30 0.07 (-0.62
PSR CG 89.1+8.6 91.3+9.0 88.548.1 (451022) (171030) 24 0.7 t0 0.80) t0 0.48)
Right . . 0.57 (-
+6.78 +3.91 0.99 (0.26
leg -Vl 84.1#6.9 90.9+8.7 88.0+7.3 ©031042) (641013) 8.1 4.6 {0 1.47) 0.19%;0
(degree) +8.00* +7.72 0.78 (0.16  0.76 (0.18
+VI  79.8+10.3 87.8£10.2 87.6+9.3 (1071053) (1041050) 10 9.7 {0 1.39) {0 1.40)
-0.64
+2.24 0.23(-0.31 0.07(-0.63
CG 89.749.6 91.9485 89.0+7.9 (4.9100.4) (2.0to - 25 0.7 0.0.79) 10047
PSLR 33)
Leftleg +8.60* +5.30* 1.10(0.46 0.68 (0.12
VI 82.8+7.8 914181 88.116.8 (1121059) (791026) 10.4 6.4 01.7) 01.32)
(degree) Ho3er 4 087(028 0.79(0.28
+VI  77.8+12.0 88.2+11.1 87.3+8.8 (137106.9) (12.8to 133 121 0 1.52) 0 1.52)

6.0)

Bas: Baseline; Ac: Acute effect; Re: Residual effect. ES: Effect size. MSR= Sit and Reach modified; PSLR: passive Straight Leg

Raise. ClI: Confidence Interval 95%. *= Significant difference respect to Bas.

Variation (cm)

MSR
5-
*
4-
3_
2-
1 o
0
Baseline Acute effect Residual effect

Figure 4. Variation in Sit and Reach modified test
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Passive straight leg raise (Right leg)

Both intervention groups had a significant improvement (p<0.05) in respect to CG. Figure 5 shows the
variation improvement of -V and +V with CG, both in acute and residual effect. Residual effect in both groups
was maintained after 72 h, however, -V group reduced 3.5% for the PSLR test, while +V only 0.3%. The large
ES of +V remained practically unaltered (0.78 to 0.76), but -V ES dropped significantly (0.99 to 0.57) (table
2).

Passive straight leg raise (Left leg)

Results for the left leg were very similar to the right. There was a significant enhance in -V and +V groups
when compared to CG (7.9% and 10.5% in acute effect, respectively), but improvement of +V group was
2.9% above -V group (table 2). There was a large ES in both intervention groups in acute effect, however
when the residual effect was analysed, a greater reduction was found in the -V group when compared to the
+V/ (1.10 to 0.68) considering +V group (0.87 to 0.79) (Table 2).

PSLR Right PSLR Left
124 124
%*

104 - *
- _ 10- p -V
E 84 ﬁ 8-
2 =)
c 6 = §
g §° v
Z 4 ©

. = -

< s ?

24 24

0 0 » cG

2 2

Baseline Acute effect Residual effect Baseline Acute effect Residual effect

Figure 5. Passive straight leg raise (Right leg and left leg)
DISCUSSION

The aim of this study was to determine the acute and residual effect of WBV as a complement to training, in
order to improve hamstring flexibility in university athletes from team sports. Findings indicate that adding a
single bout of WBV to static stretching provides an important effect in maintaining hamstring flexibility 72 h
post intervention. To our knowledge, this study is the first to evaluate the residual effect after 3 days, in
athletes of team sports. Results are relevant in strategies to prevent shortening of the hamstrings.

To date, scientific evidence reflects improvements in hamstring flexibility using WBV in physically inactive
subjects (Dastmenash et al., 2010; Ghazalian et al., 2014; Jacobs & Burns et al., 2009), physically active
subjects (van den Tillaar, 2006; Feland et al., 2010), athletes (team and individual sports) (Hortobagyi et al.,
2015) and others (Cristi et al., 2014). With respect to team sports, there is a scarcity of studies using WBV
protocol to enhance flexibility of hamstring muscles. Two studies (in elite female field hockey players and
sportswomen from various team sports) have shown significant improvement (8.2% and 13%, respectively)
in hamstring flexibility after an acute bout of WBV (26 Hz, 6 mm) (Cochrane & Stannard, 2005) and a 8 week
intervention (35 Hz, 4 mm) (Fagnani et al., 2006). Both studies generally conclude that improvement in
flexibility is not only important for physical performance, but also for prevention of muscle-tendon injuries in
team sports (Fagnani et al., 2006; Cochrane & Stannard, 2005).
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Several studies examine the acute (Di Giminiani et al., 2010; Jacobs & Burns, 2009; Cochrane & Stannard,
2005) effect of WBV interventions over hamstring flexibility, however few studies evaluate residual effect (Di
Giminiani et al., 2010; Cronin et al., 2008; Despina et al., 2014). On one hand, Cochrane & Stannard (2005)
and Jacobs & Burns (2009) reported a significant improvement in SR testimmediately post intervention (8.2%
and 16.2%, respectively). Conversely, in regard to residual effect, most studies involve individual athletes.
Cronin et al. (2008) and Despina et al. (2014) found significant differences after 10 and 15 min of WBV
intervention in competitive athletes (2.0% and 3.6%, respectively). The present study reports an increase of
12.8% and 9.4%, in acute and residual effect, respectively. These results support the examination by Marshall
& Wyon (2012) of residual effect at 48 hours post WBV training in female dancers. This study shows an
improvement of 16.5%, however hamstring flexibility was measured through active range of motion and
intervention lasted 4 weeks (2 sessions/week). Therefore, a single bout of WBV could improve the residual
effect of hamstring flexibility, as well as longer-lasting intervention.

In order to achieve an increase in hamstring flexibility through WBV, it is paramount to consider the type of
population (i.e., trained or untrained subjects) and magnitude of stimulus. In this way, Cardinale & Lim (2003)
found different results when untrained subjects performed a high or low-intensity WBV intervention. These
findings include a statistically significant increase in hamstring flexibility (13.5%) when applying 20 Hz, but
not with 40 Hz (-3.3%). However, our study discovers an important increase using 40 Hz in athletes.

While literature has exposed that hamstring injuries are complicated and multifactorial (Draper et al., 1998),
poor flexibility is one intrinsic related factor (Witvrouw et al., 2003; Henderson et al., 2010). Physiological
mechanisms through which vibration training may improve flexibility such as neuromuscular factors, decrease
in muscle stiffness, increase muscle elasticity and temperature (Feland et al., 2010), resulting from increased
blood flow and increased pain threshold, are not entirely clear. While these principal mechanisms might be
implicated in the increase of acute flexibility (Di Giminiani et al., 2010), no factors clearly justify the residual
effect of WBV. Meanwhile, the lack of literature makes it difficult to draw conclusions related to residual effect.
Draper et al. (Draper et al., 1998) showed that increase in temperature could be related to an overall increase
of the applied load. This context would decrease viscous properties of tissue and increase length
permanently, therefore complementing static stretching with WBV to generate a more enduring effect
(Aminian et al., 2011).

Several studies have attempted to determine mechanisms to prevent hamstring injury or the risk factors
associated with this injury (van Beijsterveldt et al., 2013; Brukner, 2015). Flexibility has been shown to be
related with sportinjury incidence (Witvrouw et al., 2003). Lack of, or asymmetries in leg flexibility have been
known to play a secondary role in the hamstring strains of soccer players (van Beijsterveldt et al., 2013;
Fousekis et al., 2011). Further, it has been demonstrated that increase in leg spring stiffness will enhance
power, although excessive increment will begin to impair power production (Maloney et al., 2014) and
increase the risk of injury. In this way, WBV has potential benefits in preventive and rehabilitation contexts.
Similarly, Brukner (2015) recommends rehabilitation protocol be directed towards strength and flexibility,
involving exercises with high loads and large muscle-tendon lengths. According to our results, WBV
enhances flexibility and will decrease injuries due to stiffness. This complement to static stretching training
could be applied three days prior to competition.

Our study presents limitations related to the design of research. This study design independently
demonstrates important benefits of improving flexibility, though it is not possible to establish if this
improvement will decrease rate of hamstring injuries in the long-term. It is necessary realize a longitudinal
study and check rate of injury over time. Equipment used is another important consideration. Mechanic
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goniometers have low reliability when operated by inexperienced subjects, however the examiner used in
our study has a high level of expertise. It is recommended to use an electronic goniometer to prevent bias in
the results. Another possible limitation of this study could be the absence of intermediate measurements
between post and 72h-post, as well as after 72h-post. These measurements could help trainers and athletes
articulate the evolution of flexibility loss following an acute intervention, as well as ascertain whether
increases in flexibility could last even longer than three days.

In conclusion, using a single bout of WBV to complement static stretching in traditional training has a potential
effect on muscle flexibility in athletes from team sports. This is similar to static stretching alone, however, the
effect of WBV could be maintained for at least three days. This study shows the valuable preventive role
played by WBV in the shortening of the hamstring muscle. Trainers, physiotherapists and athletes could use
a single bout of WBV three days prior to competition, to obtain important benefits to hamstring muscle
flexibility.
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