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Lower Limb Muscle Activity in Middle-Aged
and Older Women

Yuxiu Liu1, Yongzhao Fan1, and Xiaohong Chen1

Abstract

Purpose: The present study was designed to investigate the electromyographic (EMG) response in leg muscles to whole-body
vibration while using different body positions and vibration amplitudes.

Methods: An experimental study with repeated measures design involved a group of community-dwelling middle-aged and
older women (n = 15; mean age=60.8 ± 4.18 years). Muscle activity of the gluteus maximus (GM), rectus femoris (RF), vastus
medialis (VM), vastus lateralis (VL), biceps femoris (BF), and gastrocnemius (GS) was measured by surface electromyography,
which participants were performing three different body positions during three WBV amplitudes. The body positions included
static semi-squat, static semi-squat with elastic band loading, and dynamic semi-squat. Vibration stimuli tested were 0mm, 2 mm,
and 4 mm amplitude and 30 Hz frequencies. And the maximum accelerations produced by vibration stimuli with amplitudes of
2 mm and 4 mm are approximately 1.83 g and 3.17 g.

Results: Significantly greater muscle activity was recorded in VL, BF, and GS. When WBV was applied to training, compared
with the same training withoutWBV (P < .05). There were significant main effects of body positions on EMGrms for the GM, RF,
and VM (P < .05). Compared to static semi-squat, static semi-squat with elastic band significantly increased the EMGrms of GM,
and dynamic semi-squat significantly increased the EMGrms of GM, RF and VM (P < .05). And there were significant main effects
of amplitudes on EMGrms for the GM, RF, and VM (P < .05). The EMGrms of the VL, BF, and GS at 4 mm were significantly
higher than 0 mm, and the EMGrms of the VL and BF at 4 mmwere significantly higher than 2 mm. There was no significant body
interaction between body positions and amplitudes (P > .05).

Conclusions: The EMG amplitudes of most leg muscles tested were significantly greater duringWBV exposure than in the no-
WBV condition. The dynamic semi-squat 4 mm whole-body vibration training is recommended for middle-aged and older
women to improve lower limb muscle strength and function.

Keywords
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Introduction

Older individuals typically experience impairments in phys-
ical functioning and an increasing incidence of chronic health
problems such as osteoporosis, frailty, sarcopenia, or car-
diovascular disease. The aging process is associated with the
loss of muscle mass, reduced strength, and impairment of
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physical functioning.1 The most physiologic means to fight
this decline of muscle mass and function is a physically active
lifestyle or physical exercise.2,3 Indeed, many exercise studies
proved favorable changes in muscle mass, power, and strength
parameters.4 However, to realize relevant changes in muscle
mass, strength, and power, exercise has to be performed
regularly with moderate exercise frequency (≥2 sessions/
week) and moderate to high levels of intensity.5,6 Due to
physical limitations or lack of motivation, many elderly
subjects seem to be either unable or unwilling to perform
(intense) corresponding resistance exercise programs. In this
context, exercise technologies that increase the impact of low-
level exercise on the musculoskeletal system are of high
relevance.

Whole-body vibration (WBV) is a relatively new exercise
modality gaining significant interest in geriatric rehabilitation
and fitness. This exercise typically involves individuals per-
forming traditional resistance exercises on the platform with
their body mass as resistance. It has been shown that me-
chanical vibrations applied to the muscle or tendon stimulate
sensory receptors, mainly length-detecting muscle spindles.7

The activation of these muscle spindles facilitates the acti-
vation of alpha-motoneurons, leading to reflex muscle con-
tractions (tonic vibration reflex).7 This response is mediated
by monosynaptic and polysynaptic pathways and increases
motor unit activation.8 Several studies showed that whole-
body vibration (WBV) training, in which subjects perform
unloaded exercises on a vibrating platform, improved muscle
strength or performance.9,10

Several experimental studies have demonstrated the effect
of WBVon muscle activation,6,11-16 and virtually all reported
an increase in electromyographic (EMG) amplitude upon
adding vibration to various exercises.6,13-16 However, all
existing WBV studies on EMG responses were conducted in
either the healthy young population (mean age ≤32.7 years)
6,11,15,16or in people with stroke.17,18 Skeletal formation and
muscle adaptation mechanisms are different in older and
younger people, and the same mechanical stimuli do not have
the same effect on different groups.19 Furthermore, middle-
aged and older women experience a faster decline in muscle
mass, muscle strength and bone density than men of the same
age after menopause.20 They are also more likely to suffer
from chronic diseases such as osteoporosis and sarcopenia,
and have higher rates of disability from falls.21 Therefore, we
should carry out further research on target groups of middle-
aged and older women.

Recently, electromyography has been used to characterize
muscle activation, and previous literature has demonstrated
that exposure to WBV results in an increase in leg muscle
EMG activity. Furthermore, from a biomechanical perspec-
tive, WBVexposure increases exercise intensity by increasing
the accelerations of the body and because force = mass ×
acceleration, increasing the amplitudes or frequency at a fixed
mass the resultant should be an increase in force. Although
EMG is not a direct measure of force, they are strongly

correlated, so any increase in force should be represented by
an increase in EMG.

The intensity of the required muscle contraction also
changes, when the posture is changed or when a different
posture is maintained. Therefore, the choice of body position
during vibration training can influence the intensity of muscle
strength training to some extent.22 Lam, F.M et al.23 compared
the effects of static erect stand, static deep squat, static semi-
squat and single-legged static squat on the activation of lower
limb muscles and showed that static erect stand and single-leg
squat induced maximal activation of lower limb muscles.
Roelants, M. et al.16 also demonstrated that single-leg squats
significantly increased lower limb muscle activity compared
to double leg squats. Due to the age of the subjects, it is
difficult to ensure the standardized and safety of the movement
during the single-leg squat. Static erect stand was prone to
adverse reactions such as dizziness, and heel raises reduce the
shock to the head to a certain extent. Therefore, this study
excluded the static erect stand and single-leg squat, and in-
stead of using a static semi-squat and dynamic semi-squat for
vibration training. In addition to these 2 positions, the intensity
of the vibration training was increased by adding additional
load using a mini elastic band to compare the effects of the
three-body positions on lower limb muscle activation.

This study aimed to quantify and analyze the effects of
variations in the body positions and amplitudes on the neu-
romuscular responses of the lower limbs to exercise. A better
insight into muscle activation while performing standard
exercises on a WBV platform is undoubtedly helpful to de-
termine the potential of WBV programs in training.

Methods

Subjects

Among the 20 women belonging to communities in Beijing,
15 middle-aged and older women who were at least 3 years
postmenopausal and not affected by conditions that contra-
indicated the vibration training were enrolled in the study
population. Assessment of eligibility and health status for
participation was based on screening by questionnaire.
Women had to be between 55 and 70 years of age, non-
institutionalized, and free from hormones or medications that
are known to affect muscle strength or bone metabolism. And
none of the subjects had any experience with whole-body
vibration training prior to participating in this experiment.
Their average age, year of menopause, height, and weight
were respectively (mean ±SD): 60.8 ± 4.18 years, 10.11 ±
5.67 years,1.58 ± .04 m, 61.96 ± 9.42 kg. The subjects were
aware of the purpose of the study, and they all provided written
informed consent. This study was reviewed and approved by
the Ethics Committee of Capital University of Physical Ed-
ucation and Sports. The exclusion criteria included a history of
back pain, acute inflammation in the pelvis or lower ex-
tremities, acute thrombosis, recent fractures, recent implants,
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gallstones, kidney or bladder stones, any disease of the spine,
peripheral vascular disease, and severe delayed onset of
muscle soreness in leg muscles.

Experimental Design

Prior to the experimental protocol, subjects underwent a fa-
miliarization session to acclimate to the sensation of WBV.
This session consisted of standing with feet shoulder-width
apart on the vibration platform in a comfortable static semi-
squat with their knees flexed at an angle of approximately 45°.
Subjects were given a demonstration of proper technique for
the squat position and were allowed to practice until they
performed the squats correctly and verbal instruction was
provided to complete the squats at a constant pace of 2 s down,
1s up and 1s interval.

The subjects were exposed to multidimensional whole-
body vibration using a vibratory platform (USA, Power Plate
Pro5 AIR daptive). In a single-group, the repeated measures
study design was used in which the EMGrms of 2 leg muscles
were the dependent variables. The independent variables were
the 3 different amplitudes of whole-body vibration (0 mm,
2 mm, and 4 mm) and 3 different body positions (static semi-
squat, static semi-squat with elastic band loading, and dy-
namic semi-squat). And the vibration training platform with a
frequency of 30 Hz, separated by 5 min pause between
trials,24,25 and each trial lasted 35s. The order of the trials for
each subject was randomized across the frequencies and the
positions.

The design of the vibration protocol was obtained from a
review of the literature. The frequencies of 15–35 Hz were
commonly used by previous researchers to maximize access to
the conduction of mechanical stimuli.26 The results of the
Lienhard K. et al.27 study showed that an increase in vibration
frequency did not necessarily lead to sEMG enhancements
in the calf and thigh muscles. The results of Lam FM et.al23

concluded that there was no significant difference in the
activation effect of 30 Hz and 40 Hz vibration stimulation
on the rectus femoris, lateral femoris, and gastrocnemius
muscles. And he suggests that the optimal vibration fre-
quency is 35 Hz for young women and 30 Hz for middle-
aged and older women.25 This is generally consistent with
the results of my other study. In addition, subjects need to
keep their heels off the vibration platform in order to reduce
the vibration to the head. And Di Giminiani R. et al.12

suggest that the half-squat position with the heels raised is
more conducive to improving muscle activity in the lateral
femoral and gastrocnemius muscles than the heels on the
ground. Therefore, a semi-squat mode intermittent vibra-
tion training program with a frequency of 30 Hz and heels
off the ground was used in this study. And the subjects wore
uniform floor socks during the study to prevent attenuation
of shoe vibration.

The three-body positions included: (1) static semi-squat:
The subject squats on the vibration platform without shoes,

lifting both heels off the vibration platform, holding the
handrails lightly with both hands, keeping the knees flexed at
an angle of approximately 45°;(2) static semi-squat with
elastic band loading: A green mini elastic band (Joinfit brand,
40lbs) is placed 3 cm above the knee in the static semi-squat
position;(3) dynamic semi-squat: The subject stands on the
vibration platform, feet shoulder-width apart, both heels raised
slightly, squatting with knee flexion between 5° and 45°. The
rhythm of the half squat is 4s/rep, 2s down, 1s up, 1s interval.
Subjects followed a laptop video to complete 8 dynamic semi-
squat whole-body vibration training.

Joint angle measurements were collected with a goniometer
to ensure subjects maintained the required position; joint
angles were not used in the analytical measurements. How-
ever, subjects were provided verbal feedback for the joint
position throughout the protocol and the movement position
was self-corrected. Generally, subjects were consistent in
maintaining the required joint angle.

The acceleration of the vibration stimuli was controlled
and recorded with the help of a tri-axial accelerometer
(Actigraph, Ft.Walton Beach, USA) that was placed on the
platform in alignment with the third toe.28 Analysis of the
acceleration signal revealed that the acceleration stimulus
was mainly in the vertical plane. The results of the accel-
erometer tests show that 30 Hz, 2 mm and 30 Hz 4 mm
correspond to maximum accelerations of approximately
1.83 g and 3.17 g.

EMG Measurements and Processing

The recordings of the myoelectric activity were performed
through POCKET EMG (BTS FreeEMG300, Italy), which is
a portable unit for collecting and transmitting data wirelessly
to the computer. The sampling frequency of 1000 Hz was
used. The surface EMG signals from the gluteus maximus
(GM), rectus femoris (RF), vastus medialis (VM), vastus
lateralis (VL), biceps femoris (BF), and gastrocnemius (GS)
(medial) muscle of both legs were recorded bipolarly by
disposable 20-mm disc electrodes (Blue Sensor Ag/AgCl).
The electrodes were fixed lengthwise over the middle of the
muscle belly with an interelectrode (center-to-center) dis-
tance of 20 mm. Before the electrodes were attached, the
subjects’ skin was cleaned of the dead epidermis with
abrasive paste and then degreased.

After the acquisition, the raw data was further processed
utilizing the EMG-Analyzer software. There were the fol-
lowing steps undertaken in the process of EMG signal
analysis: filtering with a bandpass filter (3th order Butter-
worth filter of 100–480 Hz); the root mean square method
(RMS)29 was used with moving time window (100 ms) for
the whole 35s trial. For the 2 static exercises, the middle
twenty seconds of the data were used to calculate the EMG
root mean square (EMGrms) value, and the EMGrms values
of the 2 trials were averaged to obtain a mean value. For the
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dynamic squat exercises, the middle 5 repetitions were used
to calculate the EMGrms.

Statistical Analysis

Statistical analyses were conducted with IBM SPSS software
(version 20.0; IBM, Armonk, NY). The normality of the
samples was calculated according to the Shapiro–Wilk test.
Two-way ANOVA with repeated measures (3[amplitudes]×3
[body positions]) was conducted to examine the EMGrms data
across different conditions separately for each muscle tested.
Greenhouse–Geisser epsilon adjustment was used when the
sphericity assumption was violated (P < .05). The stated
ANOVA model would provide information on: 1) the main
effect of amplitudes; 2) the main effect of body positions; 3)
the effect of the amplitudes×body positions. If the main effect

of amplitudes or body positions were significant, an LSD post
hoc test was used to determine which changes in factors
contributed to the overall significant results. The significance
level was set at P < .05.

Results

The repeated measures ANOVA applied to compare the effects
of different body positions and amplitudes on lower limb
EMGrms. The results of the study revealed no significant
interaction between body positions and amplitudes (P > .05)
(Table 1). However, the results showed that there were sig-
nificant main effects of body position on EMGrms for the GM,
RF, and VM (P < .05), and there were no significant main
effects on VL, BF, and GS (P > .05); There were significant
main effects of amplitudes on EMGrms for the VL, BF and GS

Table 1. Repeated measures ANOVA results for the main effects and interaction effects of different body positions and different amplitudes.

Body positions amplitudes Body positions*amplitudes

gluteus maximus (GM) F 2.056 2.821 .562
P .023* .102 .576

Rectus femoris (RF) F 6.882 .009 .829
P .013* .962 .421

Vastus medialis (VM) F 5.887 3.540 1.485
P .022* .068 .239

Vastus lateralis (VL) F .927 .687 .761
P .407 .016* .456

Biceps femoris (BF) F .546 54.694 .409
P .499 .000* .580

gastrocnemius (GS) F 2.411 3.143 .312
P .105 .042* .464

*Asterisk indicates a significant difference (P < .05).

Table 2. LSD-t post hoc test results for lower limb muscles EMGrms of different body postures and amplitudes.

Body positions amplitudes

Static semi-squat/static semi-
squat with elastic band loading

Static semi-squat/
dynamic semi-squat

Static semi-squat with elastic
band loading/dynamic semi-squat

0mm/
2 mm

0mm/
4 mm

2mm/
4 mm

gluteus maximus
(GM)

.024* .021* .329 .283 .095 .114

Rectus femoris
(RF)

.399 .009* .018* .941 .972 .837

Vastus medialis
(VM)

.733 .011* .038* .155 .047 .120

Vastus lateralis
(VL)

.313 .925 .292 .051 .016* .009*

Biceps femoris
(BF)

.425 .827 .122 .000* .000* .001*

gastrocnemius
(GS)

.266 .331 .038 .016* .018* .164

The LSD-t post hoc test summary on 15 subjects of the electromyography root mean square (EMGrms) in case of three different body positions and three
different amplitudes. P-values were reported.
*Asterisk indicates a significant difference (P < .05).

4 Dose-Response: An International Journal



(P < .05) and no significant main effects of amplitudes on GM,
RF, and VM (P > .05).

After we have clarified the main effects of body position
and amplitude, we should perform post hoc tests on the
EMGrms values of muscles with significant main effects of
body positions and amplitudes (see Table 2 and Figure 1).
Post hoc tests on EMGrms of lower limb muscles in different
body positions showed that the EMGrms for the GM was
significantly higher in the static semi-squat with elastic band
loading and the dynamic semi-squat than in the static semi-
squat (P < .05), but no significant difference between static
semi-squat with elastic band loading and dynamic semi-
squats (P > .05). And the EMGrms for the RF and VM were
significantly higher in the dynamic semi-squat than in the
static semi-squat, and the static semi-squat with elastic band
applied (P <.05), but no significant difference between static
semi-squats and static semi-squat with elastic band loading

(P > .05). Post hoc tests on EMGrms of lower limb muscles
in different amplitudes showed that the VL, BF and GS
EMGrms at 4 mm were significantly higher than 0 mm. And
the BF and GS EMGrms at 2 mm were significantly higher
than 0 mm. The VL and BF EMGrms at 4 mm were sig-
nificantly higher than 2 mm.

Discussion

Using various combinations of vibration parameters, we could
provide important insight into the WBV body positions and
amplitude on the effect of lower limb muscle activity induced.

Influence of Body Positions

Numerous studies have been conducted to increase the in-
tensity of whole-body vibration training by increasing the

Figure 1. Electromyography root mean square (EMGrms) of the gluteus maximus muscle (GM), restus femoris (RF), vastus medialis (VM),
vastus lateralis (VL), biceps femoris (BF) and gastrocnemius (GS) in different body positions and amplitudes conditions. Values are mean
±SD. *P < .05 represent the different body postures at the same amplitude. #P < .05 represent the different amplitude at the same body
postures.
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external body load. Considering the safety of middle-aged and
older women and the limitations of their fitness level on their
ability to exercise, they often train by resisting their body
weight.30 The sequence of force generation and tension dis-
tribution in the muscles varies due to different movement
patterns. Variations in damping coefficients and joint angles in
various body parts directly affect the efficiency of physical
vibration absorption and transmission in various parts of the
body.31 This reason ultimately leads to differences in the effect
of vibration on the strength training of each muscle group. So
the choice of body position influences to some extent, the
intensity of muscle strength training.32

The results of this study showed a significant main effect of
body position on EMGrms for the gluteus maximus, rectus
femoris, and vastus medialis (P < .05). Pairwise comparisons of
the EMGrms of the gluteus maximus in different body positions
showed that the static semi-squat with elastic bands loading and
dynamic semi-squat significantly increasedmuscle activity of the
gluteusmaximus compared to the static semi-squat. The dynamic
semi-squat increased muscle activity in the rectus femoris and
vastusmedialis compared to the static semi-squat and static semi-
squats with elastic bands loading. This suggests that dynamic
semi-squat may be more beneficial to the development of lower
limb muscle group strength in middle-aged women than static
semi-squats and static semi-squats with elastic bands.

Although many studies have been conducted on vibration
training body positions, relatively few studies compare whole-
body vibration training protocols in static and dynamic semi-
squat positions. Two studies by Hazell TJ and Lam, F. M. on
the effects of both static and dynamic semi-squat positions on
lower limb electromyography. The Hazell TJ study concluded
that the more intense vibration frequencies of 35–45 Hz with
4 mm amplitude elicited the greatest EMG responses in the
upper-and lower-body muscles measured during both static
and dynamic contractions. The study by Lam, F. M.23 focused
on different postures on muscle activation in the lower limbs.
His study concluded that muscle activation in the lower limb
was stronger in static upright and static single-leg stances than
in static and dynamic semi-squats. However, neither of their
studies compared the significance of the difference between
the effects of static and dynamic half-squat positions on lower
limb muscle activation.

External loading is a particularly interesting strategy as the
intensity of the WBV stimulus can be boosted without in-
creasing the extent of the acceleration. Chronic exposure to
occupational vibration has been linked to many side effects
such as spinal degeneration, low back pain, and visual im-
pairment.33 Thus, external loading is a better alternative to
increase the WBV stimulus than increasing the magnitude of
the acceleration. Elderly individuals have the option to use
elastic belt as an alternative to weight bars, to improve the
muscle activity of the gluteus maximus and avoid mechanical
stress at the spine level.

Previous studies have used vibration training body posi-
tions that resist their own body weight including static semi-

squat,15,16,34 dynamic semi-squat,23 forefoot stands,12,15 static
single-leg-standing,23 etc. Middle-aged and older women
have more difficulty completing single-leg squats or adding
extra weight to the vibration platform, and the quality of the
movement is easily compromised. In addition, whole-body
vibration training in the static upright is likely to cause head
discomfort in older adults.35 Therefore, static upright and
single-leg squats were excluded from the selection of vibration
training positions. The study aimed to discuss the effects of
whole-body vibration training on lower limb muscle activity
in middle-aged and older women with different forms of
contraction against self-gravity or with elastic band loading. It
is hoped that this will provide a more objective and reliable
theoretical reference for developing and applying whole-body
vibration training exercise prescriptions for middle-aged and
older women.

Influence of Amplitudes

Amplitude is the maximum value at which the physical
quantity of vibration deviates from its equilibrium position
when an object undergoes periodic vibration. It is measured in
millimeters (mm). The biomechanical mechanisms of whole-
body vibration training determine the important role that
amplitude plays in controlling the intensity of vibration
training.36 The higher the amplitude of whole-body vibration
training, the better. When the frequency of vibration is fixed,
high amplitude leads to excessive gravitational acceleration,
which tends to resonate with different parts of the body, posing
a risk to the health and safety of the subject.37 Therefore,
previous studies have established a relatively safe and ef-
fective amplitude range of 2 mm–10 mm.6 In this paper,
through a review of the literature, the safety of vibration
training and its adaptability to middle-aged and older people
were considered. The amplitudes were set at 0 mm, 2 mm, and
4 mm.

The study results show that WBV can effectively induce
leg muscle activity in the three modes of exercise, especially
the VL, BF, and GS. Our VL, BF, and GS results are generally
in line with those reported in the young adult
population.12,37-39 When compared with the no-WBV con-
dition, the results of this study found a significant increase in
muscle activity in VL (by 11.1%–42.15%), GS (46.84%–

453.00%), and BF (12.4%–32.3%) in WBV conditions. The
degree of muscle activation induced by WBV was higher than
that in the young healthy population. For instance, the healthy
young subjects in the study by Abercromby et al.40assumed a
similar squatting position while being exposed to a vibration
intensity up to 7.24 g. The acceleration of the vibrating
platform he applied was much higher than the acceleration of
1.83 g and 3.17 g applied in this study. However, he reported
increases in EMG were 132% and 9% in the GS and BF,
respectively, which were lower than the values reported here.
Compared with healthy young adults, the basal activation of
lower limb muscles during vibration-free half squats was

6 Dose-Response: An International Journal



relatively low in middle-aged and older women. This may
partially explain why theWBV-induced increase in leg muscle
activity was more substantial among middle-aged and older
women.

The high peak-to-peak displacement of the platform (4 mm)
increased EMGrms in VL and BF to a higher extent than with
the low peak-to-peak displacement (2 mm). This is in general
agreementwith thefindings ofMester J.,41Krol P,42 LienhardK.27

Perchthaler D,34and Simsek D.43 They all confirmed that su-
perimposed vibration stimulation on top of simple semi-squat
training could significantly increase the activation of lower limb
muscles. The higher amplitude (4 mm) was more effective than,
the lower amplitude (2 mm) whole-body vibration training in
activating the lower limb muscles. Henceforth, and according to
the percentage increases in muscle activity between the dis-
placements of 0 mm and 4 mm (i.e., +32.39% for the VL, and
+30.74% for the BF), we suggest that selecting the highest WBV
peak-to-peak displacement is of high importance. Therefore, in-
creasing the displacement of the platform during WBV is a
successful strategy to enhance muscle activity in lower limb
muscles. This is particularly valuable when designing WBV
protocols. As an example, a recent chronic WBV study has given
evidence to believe that the use of a high displacement could also
lead to a leaner bodymass compared to the low displacement.44As
mentioned in the Introduction, increased activity of tensed
muscles during the vibration training is likely to be related to the
appearance of the stretch reflex.7 The increased signal of
EMGrms, which was obtained while the higher amplitude of
vibration at the same frequency was applied, may be associated
with faster and bigger stretching of the muscle.

Interaction Effects of Body positions ×amplitudes

The results of this paper examining the interaction effect of
body position and amplitude showed that they had no sig-
nificant interaction effect on the neuromuscular activation of
the lower limb muscle groups in middle-aged and older
women (P > .05). This is in general agreement with the
findings of Lam L.R.23 Therefore, the body position and
amplitude parameters can be adjusted individually to control
the intensity of the vibration training when developing a
whole-body vibration training program for middle-aged
women.

Conclusions

The EMG amplitude of most leg muscles tested was signif-
icantly greater during WBV exposure than in the no-WBV
condition. The results indicate that higher vibration ampli-
tudes (4 mm) result in maximal VL, BF, and GS activation.
Dynamic semi-squats effectively increase muscle activity in
GM, RF, and VM compared to static semi-squats and elastic
band static semi-squats. The dynamic semi-squat 4 mm
whole-body vibration training is recommended for middle-

aged and older women to improve lower limb muscle strength
and function.

Limitations

This study provides a comprehensive analysis of the activation
effect of whole-body vibration training on lower limb muscles
with different body positions and amplitudes and finds that
whole-body vibration training can effectively improve the ac-
tivation effect of lower limb muscles in middle-aged and older
women. The study found that whole-body vibration training
effectively improved the activation of lower limb muscles in
middle-aged and older women and that the choice of body
position and amplitude of vibration was site-specific.
However, the following limitations of the study remain:
firstly, only healthy middle-aged and older women were
studied in this study. Future studies could expand the range of
subjects to clarify the muscle activation characteristics of
whole-body vibration training in different target groups.
Secondly, this study only analyzed the immediate electro-
myographic characteristics of whole-body vibration training
with different protocols. The long-term effects of whole-
body vibration training on the muscle health of older people
need to be further investigated in the future.
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