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Abstract
Flexibility is one of the most important parts of the normal muscular system.
Thus, before this when athletes start the competitions and exercises they
should warm up their body muscles in regular and systematic ways. In the
studies that were carried out in this field, the effects of flexibility difference
which has an alike impact on the right and left feet as well difference were not
declared. In this research, the variation of flexibility also cleared which do not
have a similar impact on feet; as a result, there is only the existence of difference. The objective of the study is the effects of WBV on lower extremity organs of Healthy young females. About materials and methods, a total of 30
healthy young women with an average age of 22 ± 4 years participated in the
present study. Their resilience was measured using passive knee extension
tests, hip flexibility, testing and modified sessions and interventions before
and after reaching the test. Participants stand on WBV equipment (f = 25 Hz,
Amp = 2 mm 5 × 1 minute hold +60 seconds rest) in semi-squat position.
The items of the participant case were analyzed by using IBM 26 version of
Statistical Package for Social Science (SPSS). After WBV, hamstrings and hip
flexors, as well as general flexibility, increased significantly (P = 0/001). The
results showed that before WBV, there was a significant difference in hamstring and hip flexion between both legs (P ≤ 005), but after WBV, there was
no significant difference in hip flexion flexibility. The findings of the study
indicate that WBV appears to be appropriate training for lower extremity
muscle flexibility. The results of this study showed that WBV can be an effective training method to increase flexibility and due to the contradictory results in the benefits of using stretching in training programs may be used as a
complementary method to improve flexibility.
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1. Introduction
1.1. Research Background
Flexibility is considered an important and effective factor in physical health.
Range of motion is one of the main components of the normal functioning of
the musculoskeletal system. The maximum muscle length is necessary to obtain
the most detailed range of motion, and these two factors affect the functional activities of individuals and the performance of the athlete, so that increasing flexibility is an essential component in physiotherapy and exercise [1]. Goals that
can be expected from increasing flexibility before sporting events are: adequate
range of motion in order to perform optimal sports activity as well as reduce
muscle stiffness or increase compliance, which from a theoretical point of view
reduces the risk of injury [2].

1.2. Objective of the Study
The objective is to determine the effect of WBV on flexibility in Young females.

1.3. Research Questions
What effect does Whole body vibration have on lower limb flexibility in a
healthy young female?

2. Literature Review
The flexibility of the motion range in one or group of joints is the ability to move
the joints in a useful way. Flexibility training includes tensile training to increase
muscle length and may include activities such as yoga or Tai. For this reason,
stretching exercises, especially static stretching to increase flexibility, are a constant part of athletes’ training programs and are generally recommended before
training or participating in sports competitions. According to the International
Association of Strength and Fitness before or during sports competitions, a period of introductory activities increases blood flow and metabolic activity, increases flexibility and improves joint range of motion, improves performance
and transfer. From rest to exercise, it is essential that this introductory program
includes 5 - 10 minutes of low-intensity aerobic exercise followed by 8 - 12 minutes of stretching [3]. Several studies have reported the benefits of using leggings and increasing flexibility in groups was significantly reduced. Gremion
(2005) is in a review of athletes [4]. In a retrospective study in 1999, Cross et al.
reported that the incidence of muscle-tendon strains in stretched muscle the effect of stretching on the risk of sports injury and athletic performance concluded
that stretching plays an important role in increasing athletic performance by inDOI: 10.4236/oalib.1107953
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creasing muscle-joint mobility and lack of mobility increases the risk of injury
[5]. Recently, however, some studies have reported conflicting results from the
use of stretching in the preparation program, and some have even had negative
effects on it. In two studies, Pope et al. questioned the effect of stretching on
muscle risk [6]. In 2002, Herbert also concluded in a systematic study that
stretch has no effect on the risk of muscle injury [7]. A number of studies have
shown that stretching, especially static stretching, can significantly reduce the
most muscle function such as power generation, vertical jump performance,
running time [8] [9]. WBV, on the other hand, is a relatively new approach to
exercise that is used in exercise and rehabilitation to improve neuromuscular
function and is recognized as an effective and interesting complement to traditional forms of exercise for athletes, the elderly, and the healthy [10]. This method of physical fitness stimulates sensory receptors, especially the muscle spindle, by creating oscillating movements that are transmitted to the whole body,
and by activating the alpha motor response of neurons, it causes muscle contractions [11]. Studies have shown that WBV, in the long run, can increase muscle
strength, improve postural stability and increase bone density [12]. Given the
positive effects mentioned, this emerging exercise intervention has become very
popular for rehabilitation, fitness and general health. Few studies have tested the
effect of WBV on flexibility [13] [14]. Therefore, it seems that the use of WBV,
which can simultaneously increase flexibility and increase muscle function, as a
preliminary activity before participating in other exercises can be interesting and
effective, and due to some negative effects of stretching in ready exercises. Instrumentation may be an alternative to this method. Therefore, our aim in this
study was to investigate the immediate effects of WBV on lower limb flexibility
[15] [16].

3. Materials and Methods
3.1. Methods
Clinical studies using routine laboratory tests can provide important opportunities to investigators, especially to those with limited resources such as provide
interesting information for sports coaches. Participants in this study were 30
healthy young women (18 - 26) years, (45 - 65) kg, tall height (1.40 - 1.80) m,
who were selected from China (Beijing Spot University) girls based on improbable sampling of easy type. Participants completed and signed the informed consent form before participating in the study. Inclusion criteria were: 18 - 26 years
old women, no vision problems, no epilepsy and seizures, no bone fractures and
tendon strain in the last six weeks, no migraine, no kidney and bladder stones,
no participation in exercise programs and strength to Continuous, no history of
lower extremity lesions such as hip, knee and ankle. Exclusion criteria included:
inability to perform the test and unwillingness to continue cooperation. The
items of the participant case were analyzed by using IBM 24 version of Statistical
Package for Social Science (SPSS). During the introductory session, participants
were thoroughly introduced to the intervention process and how to perform the
DOI: 10.4236/oalib.1107953
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tests. At the beginning of the intervention session, participants had a general
preparation method including 5 minutes of walking on a treadmill at a speed of
4 km/h. immediately afterwards, an initial assessment of flexibility was made.
Then the intervention was performed and after the intervention, the final evaluation of flexibility was performed.

3.2. Flexibility Assessment
In this study, flexibility was assessed in three tests.
3.2.1. Modified Sit and Reach Test
This test is a common criterion for evaluating hip and lower back flexibility [17]
[18]. To perform this test, the person sits on the floor with their head and back
completely against the wall. The knees were fully extended and the ankles were
in the dorsiflexion position of neutral. First, the soles of the feet (barefoot) were
placed in contact with the sit and reach box [19] [20]. In this case, the person
first placed his hands on top of each other and straightened his elbows without
separating his head and back from the wall. The distance from the fingertips to
the edge of the box was measured with a ruler and considered as a zero or starting point, then the person slowly leaned forward and held the hand as parallel as
possible [19] [21]. The box and the ruler move forward. The final position is
maintained and in this case, the distance obtained is recorded. This test is repeated 3 times and the best size was used for statistical calculations.
3.2.2. Passive Knee Extension Test
This test is a valid test to evaluate hamstring flexibility. To perform this test, the
person lies in an open arch, with the opposite limb hanging from the knee from
the bed to fix the pelvis. Then, in the test limb, the protrusions of the great femoral trochanter, the external epicondyle of the thigh, and the location of the
external ankle were marked by a marker [22] [23]. The test limb was placed at a
90-degree flexion angle from the hip area using a Lafayette instrument company
the USA and was fixed with a strap. The examiner placed the axis of the goniometer on the lateral surface of the external epicondyle of the femur, and the
fixed, telescopic arm of the goniometer was positioned along the lateral surface
of the thigh so that its end was along the large trochanter, and the moving telescopic arm goniometer along the lateral surface of the tibia. It was placed with the
end along the outer ankle. In this case, the knee joint angle was set at 90 degrees
[24] [25]. The tester then inactively raises the person’s leg until it feels stiff. In
this case, the numerical value of the goniometer was read. This operation was
repeated three times and the best result was recorded [26] [27].
3.2.3. Hip Flexion Test
This test is a criterion for evaluating the flexibility of hip flexors [28] [29]. At
first, the person with the arch was lying down and both feet were in a completely
straight position. Landmarks marked with a marker included: the large femoral
trochanter, the external femoral epicondyle, and the external molto. The large
DOI: 10.4236/oalib.1107953
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trochanter and movable arm were placed along the outer ankle [30]. The person
was then asked to bend the other leg and bring the knee closer to the chest with
the help of the hands [30]. In this case, the flexion angle of the knee in the test
leg was read from the goniometer. This test was repeated three times and the
best result was used statistically. Each of these assessments was performed for
both right and left feet of the specimens.

4. Finding
How to Perform the Treatment Plan
The vibration was performed by a WBV device made by the American company
Power Plate Next Generation. Each person experienced vibration in five sets of
60 seconds and 60 seconds of rest between sets, the frequency of which was 30
Hz and the amplitude was set to 2 mm. The person stood on the platform of the
machine without shoes and with socks in a semi-squat position. The reason for
choosing this standing position is that according to the research, this position
prevents the transmission of vibration to the head and the vibration waves in the
hip area are completely damped. He stepped on both feet and kept his hands
stretched, but if the balance was disturbed, he could grab the handrail of the device. Finally, all flexibility assessment tests were performed again for the samples
SPSS 24 software was used T-independent test for statistical analysis. First, Kolmogorov-Smirnov test was used to determine the normal distribution of data.
The results of this test showed that the distribution of demographic variables has
a normal distribution (P < 0.05). Then the mean and standard deviation of all
variables were calculated before and after vibration. Comparison of flexibility
mean and possible changes before and after vibration, in right and left legs, as
well as flexibility comparison between two legs before and after vibration, was
performed using paired t-test with a significance level of P ≥ 0.05.
Table 1 the characteristics of the respondents in this study is as follow: 30
(100%) Female; the categories of their Height are between (1.40 - 1.50) h, 8
(26.7%); between (1.51 - 1.60) h, 10 (33.3%); between (1.61 - 1.70) h, 9 (30%);
between (1.71 - 1.80) h, 3 (10%). Their Height are between weight (45 - 49) kg, 2
(6.7%); (50 - 54) kg, 2 (6.7%); (55 - 59) kg, 7 (23.3%); (60 - 64) kg, 11 (36.7%); 65
kg, Upper 8 (26.7%). In the study, the ages of the respondents are as follow: 9
(30%) between 18 & 20 years; 13 (43.3%) between 21 & 23 years; 8 (26.7%) between 24 & 26. The age categories show that most of the respondents were ove
between 21 & 23 years old. Paired t-test results showed that after WBV, hamstring flexibility and hip flexors in both legs (right and left (significantly increased) (P = 0.001) (Table 2).
Table 2 Turned out the results of paired t-test showed that the general flexibility of the body before vibration was 3.839 degrees and after vibration was
3.644 degrees, which increased significantly compared to before (P = 0.001).
The results of paired t-test showed that the hamstring flexibility before the intervention was significantly different between the right and left legs (P =
DOI: 10.4236/oalib.1107953
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Table 1. Shows the demographic data of the participants.
Demographic Data of the participant
Characteristics

Frequency

Percentage

Gender

Female

30

100%

Height

Between 1.40 - 1.50 cm
Between 1.51 - 1.60 cm
Between 1.61 - 1.70 cm
Between 1.71 - 1.80 cm

8
10
9
3

26.7%
33.3%
30%
10%

Weight

Between 45 - 49 kg
Between 50 - 54 kg
Between 55 - 59 kg
Between 60 - 64 kg
65 Upper

2
2
7
11
8

6.7%
6.7%
23.3%
36.&%
26.7%

Age

Between 18 - 20 years old
Between 21 - 23 years old
Between 24 - 26 years old

9
13
8

30%
43.3%
26.7%

Table 2. Comparison of hamstring flexibility and hip flexibility in right and left legs in
terms of before and after WBV (n = 30).
Paired Differences

Mean

Std.
Deviation

Std.
Error
Mean

95% Confidence
Interval of the
Difference
Lower

Upper

t

df

Sig.
(2-tailed)

Hamstring
flexibility
(degree)
Right foot

4.000

6.080

1.110

1.730

6.270

3.603

29

0.001

Flexibility of hip
flexors (degree)
Right foot
(Antes)

4.800

8.277

1.511

1.709

7.891

3.176

29

0.004

Hamstring
flexibility
(degree) Left foot

2.767

6.745

1.231

0.248

5.285

2.247

29

0.032

Flexibility of hip
flexors (degree)
Left foot (Next)

5.333

8.884

1.622

2.016

8.651

3.288

29

0.003

0.0001). Also after the WBV, the hamstring flexibility between the right and left
legs were significantly different. P = 0.001. The changes in hamstring flexibility
in the right leg increased by 3.176 degrees after WBV and in the left leg by 3.288
degrees. The comparison of the changes between the two legs showed that the
hamstring flexibility in the left foot after WBV there was a significant increase
(P = 0.04) Table 3. The results of paired t-test also showed that the flexibility of
hip flexors before the intervention was significantly different between the right
and left legs (P = 0.04). But after WBV, the flexibility of hip flexors between the
DOI: 10.4236/oalib.1107953
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Table 3. Comparison of hamstring flexibility and flexibility between right and left foot in
terms of before and after WBV (n = 30).
Paired Samples Test
Std.
Std. Error
Deviation
Mean

Mean

95% Confidence
Interval of
the Difference
Lower

Upper

t

df

Sig.
(2-tailed)

Hamstring
flexibility
(degree)
Right foot

3.600

5.137

0.938

1.682

5.518

3.839

29

0.001

Flexibility of hip
flexors (degree)
Right foot

1.900

3.111

0.568

0.738

3.062

3.345

29

0.002

Hamstring
flexibility
(degree)
Left foot

3.600

5.411

0.988

1.579

5.621

3.644

29

0.001

Flexibility of hip
flexors (degree)
Left foot

1.100

7.508

1.371

−1.704

3.904

0.802

29

0.429

right and left legs were not significantly different. 03p = 0.03 Changes in the
flexibility of the hip flexors in the right and left legs, changes between the two
legs showed that there was no improvement in flexibility after WBV. The data in
the above tables have been analyzed by thy SPSS program using the t-independent
Test.

5. Discussion
Flexibility is an important component of passive muscle function and is the ability of skeletal muscles to lengthen without arousal [1]. In other words, when a
muscle is stretched passively, flexibility describes a physiological relationship
between passive muscle lengths and its resistance to stretch [4]. In this study, the
immediate effects of WBV on lower limb flexibility in 30 healthy young women
were investigated. For this purpose, the flexibility of the hamstring muscles, hip
flexors and general flexibility of the body were evaluated before and after vibration. The results showed that vibration significantly increased the flexibility of
hamstring muscles, hip flexors in the left and right legs and general flexibility of
the body. Our findings on the effect of vibration on flexibility in this study are in
line with the results of studies by other researchers who examined the immediate
effect of vibration on flexibility [3] [20] [21] [23]. In 2009, Jacobs et al. investigated the immediate effect of vibration at 26 Hz and stationary cycling at 50
woman muscle strength, general body flexibility, and heart rate. The results related to flexibility showed that flexibility after vibration intervention was significantly increased compared to stationary bicycle [4]. In 2005, Cochrane et al.
DOI: 10.4236/oalib.1107953
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examined the immediate effect of 26 Hz vibration, 6 mm amplitude, and vertical
displacement in six different positions on jump height, grip strength, and flexibility. Participants in this study were female athletes. The results showed a significant increase in flexibility following vibration. Studies such as ours have evaluated the immediate effects of WBV on flexibility, although the method used is
different from ours and participants in some studies are athletes. In some studies, the effect of WBV on flexibility has been studied for a longer period of
time. However, the results obtained are consistent with our study, which evaluated the immediate effect of WBV. For example, in 2013, Karatrantou et al.
examined the effect of the WBV treatment program on flexibility for 16 sessions
and reported a 13% improvement (Rittweger, 2010). A number of studies have
examined the combined effect of vibration and stretch, with results showing
greater effects on improved flexibility than stretch alone [29]. In 2006, Tiller
examined the effect of WBV with a vibration frequency of 28 Hz and 10 mm
amplitude on the motor range of motion of the hamstring muscle. In this study,
contrary to our study, which examined the effect of WBV on flexibility alone,
they examined the effect of WBV by adding WBV to the first intervention, the
static stretch, by actually combining these two interventions. Both groups had
significantly increased hamstring flexibility, although the WBV group had a
greater increase in range of motion (30%) than the control group [4]. These results, similar to our findings, confirm the effectiveness of the WBV. The result of
the present study differs from the results of some studies. For example, a study
conducted by Coin and Nash in 2008 examined the effect of vibration alone,
stretching and stretching alone on the range of motion of the knee, and showed
that vibration alone, along with stretching, has no effect on increasing the amplitude of hamstring flexibility [6]. In this study, several factors can be mentioned as the reason for this difference with the findings of our study, including
the difference in the method used to assess the range of motion of the knee joint
in the study dynamically with the help of video and facial software. Another difference was the use of a vibrating platform that was used topically on the hamstring muscle in this study. In addition, the participants in this study, unlike our
study, were healthy men, and since gender is a factor affecting flexibility, it can
also affect the results obtained. In general, due to the emergence of this intervention, since a single protocol has not yet been proposed to use vibration to increase flexibility, researchers use different methods in different studies [11].
Therefore, various factors such as therapeutic parameters (frequency, amplitude,
time of use), body condition, gender and athlete can be effective in achieving
contradictory results [11]. We will increase traction tolerance and increase range
of motion [15]. Vibration can stimulate the GTO, followed by inhibition of contraction and relaxation [14]. In addition to the above, vibration can increase the
sensitivity of the stretch reflex and the activity of antagonist’s muscles is inhibited by inhibitory neurons, which leads to changes in intramuscular coordination patterns. Vibration affects the firing of α and δ neurons with rapid changes
DOI: 10.4236/oalib.1107953
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in muscle length, which in turn can cause changes in muscle flexibility [13]. Vibration also causes vasodilation and increased blood flow to the skin, deep vessels, and muscles under vibration, which in turn increases muscle temperature,
which may lead to decreased tissue viscosity and increased muscle elasticity [7].

6. Conclusion
The results of this study showed that WBV can be an effective training method
to increase flexibility and due to the contradictory results in the benefits of using
stretching in training programs may be used as a complementary method to improve flexibility.
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