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Introduction: Vibration therapy has been widely used and published in alleviating muscle
fatigue. However, reports on applying vibration therapy based on the holisitic theory of
traditional Chinese medicine (TCM) remains limited. This study is to evaluate the immediate
effect of vibration therapy on exercise-induced muscle fatigue.

Methods: For this retrospective parallel controlled study, all data were from a previously
approved and completed clinical trial. Participants (n=40) in the clinical trial included local
Greco-Roman wrestling and Judo athletes in south China. The participants were equally
randomly divided into the intervention group (n=20) and control group (n=20). The inter-
vention group received a seven-week vibration intervention-based TCM holistic theory
combined with conventional therapy, such as stretching, massage, and flapping, while the
control group only received the conventional therapy. Surface electromyography (SEMG) of
the lumbar segment of erector spinae was measured for each participant pre- and postinter-
vention, and the two-point discrimination thresholds of the data were differentiated and
compared with panel data analysis.

Results: For the control group, the pre- and postintervention SEMG measure showed no
significant difference (p=0.333), whereas significant difference (p=0.004) was observed for
the intervention group. Further, the pre- and postintervention two-point discrimination test
also showed a significant difference (p=0.016) for the intervention group.

Discussion: The application of vibration therapy based on TCM holistic theory may have an
immediate effect in reducing sport-induced muscle fatigue from intensive training. Future
larger sample size and robust designed clinical trial is warranted to evaluate the long-term
effect of the intervention.

Keywords: holistic theory, traditional Chinese medicine, sport, muscle fatigue, vibration
therapy

Introduction

Sport-induced fatigue and injury are prevalent among athletes. Since the beginning
of this century, world sports have become more competitive. This is closely related
to the advancement and breakthrough of world athletes in their physical and
psychological capacity and long-term hard training.! At the same time, a research
report also demonstrates that long-term intensive training and delayed exercise-
induced fatigue management increase the likelihood for sport injury frequency and
severity among athletes.” An epidemiological study showed that sport injuries
average 3.6 times for all athletes, and physical exhaustion and lacking effective
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relaxation are among the leading causes for these injuries.’
Therefore, it is important to provide timely and appropri-
ate management of these adverse events facing the
athlete increasing intensive training and to prevent further
injuries.

Vibration stimulation has been a common therapeutic
practice in managing exercise-induced injuries during the
last decade. Reports on vibration stimulation can be char-
acterized as whole-body vibration and local vibration, the
former is more commonly used than the Ilatter, and
together they provide multifrequency and multi-
amplitude vibration modes.*> Further, a study showed
that whole body vibration is positively associated with
delayed onset of muscle soreness and decreased athletic
performance ability,® as well as increased muscle strength
and muscle fatigue relaxation both during and after excises
or training.”* However, strong evidence for these reported
outcomes remains limited by insufficient sample size and
study designs.

Sports fatigue, in traditional Chinese medicine (TCM),
can be classified as three major types (ie, physical, visc-
eral, and mental fatigue) with different syndromes (eg,
exercise-induced insomnia, spleen-stomach dysfunction,
and kidney qi or chi deficiency). Often, an athlete can
have multiple syndromes and these syndromes can
affect each other at the

Furthermore, these syndromes can lead to sports injury

mutually same time.”
and negatively affect the quality of training. In view of
exercise physiology and TCM, the athletes’ local muscle
fatigue or injury include physical problems, diet abnorm-
alities, viscera disorders, sleep and emotion abnormalities,
and mental disorders, manifesting the difficulty to recover
from fatigue, accumulation of fatigue, resistance decline
and frequent sports injury in relation to qi movement dis-
orders. In TCM, local muscle fatigue and/or injury refers
to exterior or manifestation, called local problems; while
diet, sleep and emotion abnormalities are known as inter-
ior or root cause, named holistic problems.

It is difficult to obtain satisfactory effect to amelio-
rate muscle fatigue and sports injury only through thera-
pies like local stretching, massage and physiotherapy,
which are usually used for the motor system. In
a completed clinical study titled Establishment and
Empirical Research—The Evaluation and Maintenance
System of Athletes’ Physical and Mental Holistic View
(project ID: 2012B083), we applied vibration stimulation
based on TCM’s holistic theory among participant ath-
letes. Specifically, in the study, the holistic intervention

meant the systematic local vibration stimulating the g-
overning meridian, the foot-bladder meridian, and the
hand-triple yin meridian as well as the acupoints distrib-
uted along the meridians. These meridians and acupoints
are assumed helpful in regulating bodily functions for
athletes’ holistic problems and harmony. Whereas the
local intervention refers to local vibration stimulating
the related muscle group and its local meridian acu-
points. Theoretically, the intervention mode combined
with local and holistic intervention can address both
symptoms and root causes, and hence better eliminate
or improve muscle fatigue from athletes’ excessive train-
ing. The clinical study is detailed in the methods section.
The purpose of the current study is to retrospectively
assess the immediate effect of the holistic theory guided
vibration therapy on exercise-induced muscle fatigue.

Methods
Study Design

This is a retrospective parallel controlled cohort study and
our study data were collected from a completed clinical
study in 2015. The clinical study was scientifically reviewed,
ethically reviewed and approved, and funded by China
National Sports Bureau (project number: 20128083).

Study Subjects

The inclusion criteria for both the interventional and con-
trol group were male, first-line athletes from China’s
Jiangsu Provincial Greco-Roman Wrestling Team and
Judo Professional Team. There would have been both
male and female athletes from professional teams of
Greco-Roman style wrestling, freestyle wrestling, judo
and boxing. However, because of the training sites for
different teams, the personnel transfer to the national
team and the sports injuries or illnesses of several athletes,
it turned out that only male athletes from China’s Jiangsu
Provincial Greco-Roman Wrestling Team and Judo
Professional Team could fit the experimental design. The
40 participants were equally assigned into the intervention
group (n=20) and control group (n=20), and the two
groups of participants are comparable in sharing the
same coach, same training schedule, and same training
strategies. All study participants provided informed con-
sent in compliance of the guidelines outlined in the
Declaration of Helsinki. In addition, the current retrospec-
tive study was also approved by the Science and
Technology Office of Hohai University in Nanjing, China.
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The Intervention Group

Participants in this group received a combination therapy
of conventional therapy (the therapy is detailed in the
control group section) and vibration therapy based on
TCM theory.

TCM holistic intervention: according to the TCM the-
ory, the root causes of the intensive training induced
holistic signs and symptoms lies in the malfunction and
disorders of the visceral system, mind, and qi circulation.
The following three meridian systems were selected dur-
ing the clinical study for their ruling function of the bodily
visceral systems: the governing meridian, the foot-bladder
and the These
three meridians are illustrated in Figure 1A—C, respec-

meridian, hand-triple yin meridian.
tively. During the clinical study, the multidimensional
vibration apparatus (see Figure 2A and B) was applied to
roll each of the meridian from top to bottom. Such orderly
operations help readjust the meridian, blood and qi, reg-
ulate the blood and qi flow, calm down the disturbed
vitality, and promote the function of the visceral systems.

Local Intervention

It has been widely accepted that muscle fatigue recovery
can be achieved through the following conceptual frame-
work. Stimulating relevant acupoints along the meridians
helps improve meridian function, restore yin-yang balance,
and nourish muscles which in turn promotes muscle

A B B
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Figure 2 (A) Multidimensional Vibration Meridian Instrument. (B) Multi-
dimensional Transacupoint Vibration Instrument.

Note: Figure 2A and B show the different instruments that were used for vibration
therapy during the intervention.

fatigue recovery. According to the protocol of the clinical
study, local intervention consists of the following three

steps: (1) identify the pain points and/or the muscles
with

adverse reactions; (2) apply the multivibrator

C

|
/

Figure | (A) Governing meridian. (B) Foot-bladder meridian. (C) Hand-triple yin meridian.
Notes: Figure | A—C illustrate the Traditional Chinese Medicine’s meridians that were adopted to guide the local vibration therapies during our intervention.
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for meridian and muscle along the affected muscle group
and meridian blocks by rolling back and forth for three
minutes; (3) apply (ie, point press) the multivibrator
for muscle and point on the pain points and/or meridian
points by point-pressing for 6-10 min. These steps have
been commonly practiced by athletes in the management
and prevention of sport-induced muscle fatigue and mus-
cle injuries. In this study, the intervention of vibration
therapy guided by TCM meridian holistic theory is pri-
marily demonstrated by the combination of holistic inter-
vention with the local intervention as well as the
integration of bodily signs and symptoms with the root
of the disorders, in order to improve the outcomes of
sport-induced muscle fatigue and injuries.

Stimulator Device Used

In this study, the precise training-rehabilitation combina-
tion apparatus (model: GH D/GI-001) was selected.
(1) the multivibrator
of meridian and muscle for holistic stimulation, and

Specifically, two devices ie,
(2) the multivibrator of muscle and point for local
stimulation) of the apparatus were adopted and applied.
The parameters of vibration frequency were pre-set to
45 Hz and 52 Hz.

Intervention Procedures and Schedule
The training season for the participanting athletes lasted
for seven weeks with one week as a training cycle during
February and March 2013. In the meantime, the holistic
stimulation was conducted twice a week (every Tuesday
and Friday), for 1.5 h duration following the athletes’ post-
training bath and dinner. The Tuesday session was aimed
at exercise-induced muscle fatigue recovery from the two-
day intensive training on Monday and Tuesday, while the
Friday session was aimed at recovering the one-day mod-
erate training on Friday and preparation for the next inten-
sive training cycle. The conventional intervention was
given every day except Tuesday and Friday. The duration
of each session was 45 min in the sequence of holistic
intervention first and then the local. The operation was
completed by the trained assistant study practitioners,
supervised and guided by team doctors.

The Control Group

This participants in this group only received the conven-
tional intervention. Conventional intervention, for this
study, mainly included therapies such as muscle stretching,

massage, and flapping. These therapies are regularly used
for the athletes.

Measurements

Surface electromyography (SEMG-16) in the study is from
Shanghai Noucheng Electric Co. Ltd. The video and wave-
form of myoelectricity can be collected synchronously by
a built-in surface myoelectricity signal amplifier (frequency
response: 5-500 Hz, error <5%, center distance between two
electrodes: 2 cm). The sSEMG was used to measure the
activities of the lumbar segment of the right erector spinae
before and 15 min after the intervention. During the test, the
subjects were asked to lie on their stomach on a flat mat, raise
hands on their head and bend both ends of the body to the
maximum extent, like fly-bird-type static pose (see Figure 3).
The measurement was implemented right after the pose was
kept stably, and it lasted for 30 seconds. All the subjects were
requested to understand the demands of the test and move-
ment essentials clearly with attention concentrated. The sur-
face test electrode was pasted on the most bulge of the
measured muscle belly (see Figure 3) and the grounding
electrode was at anterior superior iliac spine. The operation
was strictly in accordance with requirements of the manual
with disposable electrodes.

sEMG Indicators Analysis

SsEMG signal refers to the time-series signal of biological
point changes of neuromuscular system when the muscle
activity is guided and recorded from the muscle surface,
which can reflect the sum of the bioelectrical activities of
multiple exercise units touched by the electrode in time

Figure 3 Fly-bird Type.
Note: The body position for the stimulation known as the fly-bird type.
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and space.'®"'! Under the ideal condition, the SEMG signal
can objectively reflect the changes of local muscle fatigue
to some extent, as SEMG has the advantages of being
a noninvasive, simple, dynamic and multitarget measure-
ment. SEMG is representative and thus is suitable for local
muscle function evaluation and measurement. It can also
be used to evaluate muscle fatigue, predict muscle fiber
type, evaluate muscle strength, test the coordination of
muscle activities, and be applied to the rehabilitation of
muscle function.'? The common indicators include integral
electromyogram, root mean square, median frequency, and
mean power frequency. We selected the decline slope of
median frequency and mean power frequency as the mus-
cle fatigue index to evaluate the extent of local muscle
fatigue. Changes of median frequency and mean power
frequency in fatigue are the highlighted objects of many
scholars.'*'> Generally, the information related to fatigue
during muscle activities is reflected in the amplitude and
frequency of sSEMG signal. The amplitude increases while
the frequency decreases, wherein frequency change is
more accurate for showing the information. When median
frequency and mean power frequency are used to describe
the overall change rule of SEMG signal spectrum in each
frequency component, it is found that the occurrence and
development of muscle fatigue is generally accompanied
by the decline of MF and MPF. The decline slope is
inversely proportional to the immediate functional state
of muscle, namely the smaller the value of median fre-
quency and mean power frequency, the higher the extent
of muscle fatigue.

Two-point Discrimination Test

We measured the two-point discrimination thresholds of
the muscle which may manifest adverse symptoms after
intensive training such as fatigue soreness, stiffness, or
activity limitation at pre- and post-test. Two-point dis-
crimination threshold is defined as the minimum dis-
tance which we used to distinguish two contacts on the
skin and to evaluate fatigue. When the tactile stimulus
acts on the human body, the afferent nerve fibers trans-
mit the signals from the specific cutaneous receptors to
central nervous system for comprehensive analysis, gen-
erating tactile sense. If the examiner stimulates two
points at the same time, subjects can distinguish two-
point discrimination only when the distance between
two points is large enough, or they will merely feel

113 t3]

one” stimulus point when reducing the distance to

a certain threshold. The tactile sense will decrease

when fatigue accumulates, so the increment of the
threshold can be a valid fatigue indicator proportional
to the fatigue.'® Two-point discrimination threshold
gauge (BT-U201A, Beijing Zhonghui
Technology Co. Ltd) in the study mainly consists of

Tiancheng

a vernier caliper and three stimulus points. The stylus
A and B are located at both ends of the caliper respec-
tively, the measuring range is 0—130 mm, and the read-
ing accuracy is 0.02 mm; meanwhile, the stylus C is
located at the upper end of the caliper. (See Figure 4)
Each subject was asked to sit without knowing the
measure sites. The examiner placed two styluses verti-
cally and gently on the measure site with equal pressure
for two seconds. Five specific values of two-point dis-
tance would be identified in the test by decreasing or
increasing the spacing between styluses. The number of
stimuli were not less than 10 at least for each distance
with an interval more than five seconds. After stimulus
was exerted, the subject should report immediately
whether the number of stimulus points was one or
two. The minimum distance where the subject can feel
“two” stimulus points would be identified as two-point
discrimination threshold of the tested skin. Stylus C was
used in the catch trial to verify the consistency of the
report. The whole test was arranged right after sSEMG.
The collected data would be compared to verify the
immediate effect of the given intervention.

Statistical Analysis

All our study data were analyzed by using Statistical Package
for the Social Sciences (SPSS v. 11.5). The observed data in
the study have the following two characteristics: (1) the data
of the intervention and control group are composed of time-
series of repetitive measurements of the same athlete at

Figure 4 The Two-point Discrimination Threshold Gauge.

Notes: Figure 4 illustrates the Two-point Discrimination Threshold Gauge that was
used to measure the accuracy of the pain and fatigue location. In the figure, “A” and
“B” were used to measure and obtain pain and fatigue threshold value, and “C” was
applied to test and confirm that the threshold was not participant’s subjective
feeling.
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different times; (2) the sample size is relatively small due to
the limited number of top athletes, meanwhile, some of
participants dropped out of the trial due to injury or national
team recruitment. As a result, the data in this study do not
meet the independence and normality hypotheses of the
grouping mean ¢ test, and it is not eligible to use the conven-
tional ¢ test to make intergroup comparison. Therefore, we
adopted panel data for modeling and analysis. Panel data is
hierarchical or multilevel data fused with time-series data
and cross-section data. Panel data analysis method has been
well established and widely applied by researchers.'” ' In
view of the missing panel data in the study, the mixed linear
model is adopted to analyze and process the test data and
discuss the differences.”

The pre- and post-test results were regarded as bino-
mial group, and the mixed linear model (see below) was
constructed. We set binomial variable x; representing the
grouping of status at the pre- and post-trial, #; as time
factor as group

o = 1 pre — intervention marker
"= 2 post — intervention marker

)

marker, i =1,2....m as athlete number, j =1,2....n as
time. The dependent variable y;; represented muscle fatigue
indicators, affected by three factors: grouping, athlete, and
time. Thus, we can use triple subscripts to identify the depen-
dent variable and construct a mixed linear model of factorial
effect:

Yhig = Po + Piti + Poxn + €nyj (2)

Model A
The random variable ¢,; followed Gaussian distribu-
tion with a mean value of 0 and a variance of white

2

noise of o°. Regression coefficients are validated by

statistical test to analyze the influence of independent

Table | Mixed Linear Model Test Results of sSEMG

variables. If regression coefficient 3, is significant, it

means muscle fatigue indicators are significantly
affected by time; if regression coefficient f, is signifi-
cant, it suggests the indicators are significantly affected
by grouping. In this paper, p<0.05 is set as significant

difference in statistics.

Results

This study included 40 participating athletes who were
equally assigned to the two study arms. Table 1 shows
the statistical results from our mixed linear equation of
sEMG data measured from the lumbar segment of the right
erector spinae pre- and postintervention. As shown, both
the time and grouping effect were not significant (p=0.333
and p=0.449) in the control group, but they were signifi-
cant (p=0.031 and p=0.004) in the intervention group.
These results suggest that the intervention group had
a significant change in sSEMG measure compared to the
pre- and post-data, whereas the change was not signifi-
cantly detected in the control group.

Table 2 demonstrates the results from our two-point
discrimination analysis. It shows that time effect was not
significant (p>0.05) regression coefficient B; analysis.
Nonetheless, grouping effect remains significant (p<0.05)
in regression coefficient 3, analysis. These results revealed
the significant differences between the pre- and postinter-
vention in the intervention group.

Discussion

This study contributes to current literature in assessing the
immediate effect of local vibration therapy for sport-
induced fatigue based on TCM’s holistic theory. In the
study, we have compared the sSEMG of lumbar segment
of right erector spinae between the study control group and
the intervention group. Consistently we found statistically

Molecular df Denominator df F p-value

Control Group

Intercept | 7.877 52.14 0.000

Time 15 112.015 1.137 0.333

Group | 110.133 0.579 0.449
Intervention Group

Intercept | 5.692 113.471 0.000

Time 15 118.953 1.883 0.031

Group | 118.158 8.630 0.004

Notes: Table | shows the results of our mixed linear model test of the pre- and post-sEMG data; As shown, the intervention group had a significant
change in sSEMG measure as comparing the pre- and post-data (p<0.05), whereas the change was not significantly detected in the control group (p>0.05).
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Table 2 Intervention Group Mixed Linear Model Test Results of
Two-point Discrimination Threshold

Molecular Denominator F p-value
df df
Intercept | | 11.575 266.038 | 0.000
Time 5 22.806 1.638 0.190
Group | 17.110 7.112 0.016

Notes: Table 2 demonstrates the results from our two-point discrimination analy-
sis. It shows that time effect is not significant (p>0.05), whereas the grouping effect
is significant (p<0.05); These results revealed the significant differences between the
pre- and postintervention in the intervention group.

significant positive effect of the intervention. First, our
of the data
a significant difference (p<0.05) both in time and grouping

mixed linear model panel showed
effect between the pre- and post-sEMG data in the inter-
vention group, whereas the significance (p>0.05) was
detected in the control group (Table 1). Furthermore, our
two-point discrimination threshold model test (paired-
comparison) showed that the time effect was not signifi-
cant (p>0.05), while the grouping effect was significant at
p<0.05 (Table 2). Our findings suggest that local vibration
therapy based on TCM’s holistic theory could have an
immediate effect in reducing sport-induced muscle fatigue
from intensive sport training.

In a separate satisfaction survey (unpublished) about
the effect of the same intervention, we enrolled 42 parti-
cipants who were national top and/or world-champion
professional athletes. The survey instrument we created
and used consists of five items with a five-point scale:
one for not effective at all and five for very effective.
With the instrument, participant satisfaction is established
if an item is scored three points or more of the effect on
the intervention. The content of the instrument is closely
related to this paper. The preliminary results showed that
majority of the participants reported satisfaction of local
vibration therapy on their holistic health (ie, appetite
improvement with 83% satisfaction, sleep improvement
with 81% satisfaction, and physical symptoms ameliora-
tion with 90% satisfaction) and on their bodily local pro-
blems (ie, muscle relaxation with 97.8% satisfaction and
fatigue recovery with 100% satisfaction).

A large number of studies have shown that vibration
stimulation is effective to dredge meridians and better
inspire corresponding acupoints. Especially, the vibra-
tion in the frequency of 45 Hz~52 Hz can promote heat
production of tissues effectively, cause changes of per-

ipheral circulation, expand muscle capillaries to improve

substance exchange and metabolism of muscles,”

increase the extent of muscle activatior1,24’25

improve
the lubrication between the aponeurosis, increase the
range of joint motion, and prevent sports injury.?®
Furthermore, studies also demonstrated that vibration
can improve bone mineral density and bone
formation,?’ increase the amount of hemoglobin and
oxygenated hemoglobin in muscles,”® enhance the
rapid strength of muscles,”” stimulate proprioceptors of
muscles, especially endings of primary muscle spindle
la afferent fibers,’® make selective hypertrophy of mus-
cle fibers, and increase the activity of metabolic enzyme
creatine kinase in skeletal muscle cells.*’ During vibra-
tion stimulation training, the muscle proprioceptors stay
excited to a certain extent; the nerve impulses give rise
to slight and continuous alternating contraction of mus-
cles, and the permeability of cell membrane to harmful
substances is enhanced. Immediately after the vibration
stimulation, the blood flow volume to the skin continu-
ously increases, the blood flow to the skin will accel-
erate, and the temperature will be relatively high. The
acceleration of blood flow benefits the transport of oxy-
gen, the exchange of substances, and the improvement
of metabolism speed. On the one hand, its antifatigue
ability is enhanced, and on the other hand, it is also
conducive to the rapid elimination of physical fatigue.*
This is also an important basis for us to select multi-
dimensional vibration instrument and relevant meridian
points for holistic or local intervention in the intensive
training phase.

Research shows that the higher level of sports and the
more intensive training would increase the risk and rate of
sport injury. This is particularly the case when sport-
induced fatigue is not appropriately managed and fully
recovered. In spite of the advancement made in the field
of sport-protection and rehabilitation methods and equip-
ment, the existing conventional intervention remains
unable to achieve the ideal outcomes, particularly for top
professional athletes who often requires prolonged inten-
sive training and have increased risks for injuries.
Therefore, findings from this study may fill the gap by
contributing an innovative vibration therapy approach in
addressing sport-induced fatigue and preventing and redu-
cing sports injuries.

Our study has several limitations. First, our sample
size is small. This is limited by the design of the original
clinical study focusing on the top professional athletes of

a Provincial Greco-Roman Wrestling Team and Judo
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Professional Team. There would have been both male and
female athletes from teams of Greco-Roman style wres-
tling, freestyle wrestling, judo and boxing. However,
because of the changing training sites for different
teams, the personnel transfer to the national team and
the sports injuries or illnesses of several athletes, it turned
out that only male athletes from China’s Jiangsu
Provincial Greco-Roman Wrestling Team and Judo
Professional Team could fit the experimental design. To
address this issue in our data analyses, we have adopted
an appropriate statistical method and multidimensional
demonstration method. Second, like other retrospective
studies, we should pay more attention to the generaliza-
tion of our study findings when explaining and under-
standing the study results. Finally, his paper focuses on
the immediate effect of the intervention. It would be
interesting and important to study the long-term effect of
the intervention in the future studies with a larger sample
size.

Conclusion

This study contributes to the literature and field of vibra-
tion therapy practice in providing the immediate effect of
local vibration therapy for sport-induced fatigue based on
the holistic concept of traditional Chinese medicine. First,
using pre- and postintervention SEMG parameters as the
outcome measure for the intervention and control groups,
our analytic results showed that the intervention had
a positive effect than the conventional therapy on eliminat-
ing or improving athletes’ muscle fatigue from excessive
training. Second, results from our two-point discrimination
threshold data further confirmed the above positive find-
ings on the pre- and posteffect of the intervention.

These findings demonstrated that application of vibra-
tion therapy based on TCM holistic theory could have an
immediate effect in reducing sport-induced muscle fatigue
from intensive training. Future larger sample size and
robust designed clinical trial is warranted to evaluate the
long-term effect of the intervention.
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The authors report no conflicts of interest in this work.
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