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Abstract

This study was to investigate the effects of Tai Chi (TC) and whole-body vibration (WBV) exercise in sarcopenic men in
advanced old age. Ninety sarcopenic men (mean age 88.6 years; age range 85-101 years) were divided into three groups:
TC group, WBV group, and control (CON) group. Patients in the two treatment groups received 8 weeks of training in
either TC or WBYV, while the control group received reminders not to change their level of physical exercise or lifestyle.
Patients in all groups also received health information related to sarcopenia. Muscle mass, muscle strength, and physical
performance [balance, gait speed, timed-up-and-go test (TUGT), and five-times-sit-to-stand test (FTSST)] were analyzed
and compared among the three groups. Finally, seventy-nine subjects completed the study (TC n=24; WBV n=28; and
CON 27). Muscle strength was significantly increased in the TC and WBYV groups compared to the control group (P <0.01).
Following 8 weeks of exercise, improvements were observed in all physical performance tests for the TC and WBV groups
(P<0.05). The improvement in balance was greater in the TC group than the WBYV group. Time X Group effects revealed
significant improvements in muscle strength in the lower extremities (P <0.05) and physical performance (P <0.01) in both
the TC and WBYV groups. Changes in muscle mass, as measured by dual-energy X-ray absorptiometry, did not significantly
differ between groups. These findings indicate that TC and WBYV are effective treatments for improving muscle strength and
physical performance in sarcopenic men in advanced old age.

Keywords Tai Chi - Whole-body vibration - Sarcopenia - Advanced old age

Introduction

Sarcopenia is characterized by low muscle mass, low mus-
cle strength, and poor physical performance (Alfonso et al.
2010). Effective, economical interventions to alleviate these
symptoms are limited. Sarcopenia has emerged as a signifi-
cant health problem in the elderly Asian population, with
high prevalence and harmfulness, leading to a variety of
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acute and chronic diseases such as osteoporosis, fatigue,
falling, physical disability, and even death (Lee et al. 2007;
Roubenoff 2003; Morley et al. 2001; Xue et al. 2011; Lau-
rentani et al. 2003; Kim et al. 2016). Studies evaluating
sarcopenia in Japan (Tanimoto et al. 2012a), Hong Kong
(Lau et al. 2005), Taiwan (Chien et al. 2008), and Korea
(Kim et al. 2012) have reported prevalence rates ranging
between 5 and 13% in people aged 70-80 years and 50%
in people > 80 years (Baumgartner et al. 1998; Tanimoto
et al. 2012b; Janssen et al. 2004). In a study of 4000 elderly
Chinese patients, Lee et al. (2007) found various disorders,
such as chronic pulmonary disease, atherosclerosis, hyper-
tension, diabetes, and heart disease, to be associated with
sarcopenia. In a cross-sectional study of 679 people aged
40-79 years, Verschueren et al. (2013) found that sarcopenic
patients have a twofold increase in the risk of osteoporosis.
Lietal. (2015) studied 562 cases of hospitalized older adults
and found osteoporosis and skeletal muscle reduction to be
related to gender; in elderly men, a significant correlation
was observed between skeletal muscle loss and osteoporosis.
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Sarcopenic men have also been found to have increased risks
of falling and higher disability rates (Moreland et al. 2004;
Fan 2014). In a study observing 364 elderly adults (aged
80-85 years) for 7 years, the death rate was higher in sarco-
penic men (67.4%) than non-sarcopenic men (41.2%) (Landi
et al. 2013). In the United States, the cost of health problems
caused by reduced muscle mass and strength was reported to
be ~ 18.5 billion dollars (based on data from 2000), of which
58.4% was spent on males (Landi et al. 2013). Sarcopenia is
an important health issue, and it is imperative to investigate
methods to prevent and treat this disorder.

Currently, there is no clear consensus on the appropriate
clinical intervention for sarcopenia. In China, Tai Chi (TC)
practice is common and, in older adults, has better compli-
ance rates compared with simple resistance training (Chang
et al. 2011). The semi-squat position is used in TC in a series
of movements, in a slow and flowing manner (Nomura et al.
2011), which can strengthen muscles of the lower extremi-
ties. It has been shown that, during TC, oxygen consump-
tion is 55% of peak oxygen consumption, and heart rate is
58% of the maximum heart rate (Field 2011). Therefore,
TC is considered a moderately intensive aerobic exercise,
which is more suitable for older adults. Several studies have
shown that people practicing TC have better muscle strength,
balance, coordination, and concentration abilities (Li et al.
2009; Gao et al. 2014; Pei et al. 2008; Chen et al. 2008);
these qualities help to improve physical function and prevent
falling in older adults.

Whole-body vibration (WBV) exercise is a novel
approach for treating various physical disorders in elderly
patients. For those unable to perform resistance exercises,
WBYV exercise can be performed with limited weight and
low dynamic joint movement (Roelants et al. 2004a). WBV
exercise is a safe and low-impact training method, with a
relatively low involvement threshold and has been shown to
have a significant influence on geriatric health care (Tsuji
et al. 2014). WBV may also be suitable for frail individuals
(e.g., those in long-term care or rehabilitation programs)
(Bautmans et al. 2005) and can be easily carried out in the
community. In the present study, the efficacy and safety of
TC and WBYV were investigated in elderly sarcopenic men.
Outcomes of interest included muscle mass, muscle strength,
and physical function.

Materials and methods

Study design and subjects

The prospective randomized controlled trial for elderly sar-
copenic men was approved by the Clinical Research Eth-

ics Committee of the PLA General Hospital. The study
design and performance were based on the principles of the
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Helsinki Declaration. A total of 90 patients were recruited
and randomly assigned to one of three treatment groups:
(1) TC group (n=30); (2) WBV group (n=30); and (3) the
control (CON) group (n=30). This was done by assigning
30 random numbers, from 1 to 90, to each group without
duplication. Patients in all groups received health informa-
tion related to sarcopenia. All patients provided prior written
informed consent. Prior to treatment, subjects were asked to
complete a physical examination and questionnaire (which
included the following: name, age, height, weight, smoking
history, drinking history, exercise history, current illnesses,
and medication history). The inpatient sections and test sites
were located in the PLA General Hospital. Patients were
required to participate in the exercises and tests on a daily
basis (see highlight below).

The inclusion criteria were as follows: men aged 85 years
and above; diagnosis of sarcopenia (Asian Working Group
for Sarcopenia, AWGS) (Chen et al. 2014); living at a single
residence for over 2 years; and could move on their own
[i.e., they could walk and sit without assistance and could
complete the timed-up-and-go test (TUGT) and five-times-
sit-to-stand test (FTSST)]. None of the subjects had engaged
in a systematic exercise program for at least 1 year prior to
data collection. Exclusion criteria included: insulin-depend-
ent diabetes mellitus, cardiovascular diseases, uncontrolled
hypertension (> 150/90 mmHg), gallstones, kidney stone,
infectious diseases, recent thrombosis, knee or hip pros-
thesis, pacemaker, musculoskeletal disorders, psychiatric
disorders, epilepsy, undergoing any medical treatment that
affects muscle mass, muscle strength, and balance, upper/
lower extremity fracture in the previous 6 months, and any
critical cognitive (Mini—-Mental State Examination, MMSE
score < 23) or physical dysfunctions that may interfere with
the test or procedures.

Interventions

Simplified eight-style TC was performed in the rehabilita-
tion hall at a specified time, 5 days per week for 8§ weeks.
Each TC session lasted 40 min and included a 10-min warm-
up, 20-min practice, and 10-min relaxation. The exercise
procedures included: (1) brachial rewinding; (2) left- and
right-knee kyphosis step; (3) left and right mustangmane; (4)
cloud hand; (5) left and right Golden Rooster; (6) right and
left foot pedal; (7) right- and left-wing finger tips; and (8)
crossing hands. Taking into account the potential and clos-
ing forces, there were a total of 10 movements. The training
load was progressively increased over the 8-week period
(Table 1). The program was organized by a TC expert with
over 10 years of experience.

For the WBYV exercise, a Wellengang Excellence recip-
rocating vibration platform (SVG, Wellengang, Germany)
was used. WBYV exercise was performed in the rehabilitation
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Table 1 The exercise load for the TC group

Weeks Time Frequency Exercise groups
1-2 Morning 1 2
34 Morning 1 2
5-6 Morning 1 2
Afternoon 1 2
7-8 Morning 1 2
Afternoon 1 2
TC the Tai Chi group

Table 2 The exercise load for the WBV group

Weeks Time Frequency Exercise Vibration fre- Amplitude
group quency (HZ) (mm)

1-2 Morning/ 1 5 12 3
afternoon

34 Morning/ 1 5 14 4
afternoon

5-6 Morning/ 1 5 14 4
afternoon

7-8 Morning/ 1 5 16 5
afternoon

WBYV the whole-body vibration group

hall at a specified time, 5 days per week for 8 weeks. Each
WBYV session lasted 40 min and included a 10-min warm-
up, 20-min vibration exercise (5 groups/time, and 3 min/
group, with 1-min resting between groups), and 10-min
relaxation. Prior to the WBYV exercise, subjects were famil-
iarized with the exercise instrument and method. Subjects
were instructed to stand on the vibration plate, with legs and
knees slightly bent and hands clasping the vibration rope.
In accordance with the overload principle, the training load
was progressively increased, covering a frequency range of
12-16 Hz and peak-to-peak amplitude of 3—5 mm (Table 2).
All sessions were closely supervised by qualified instructors.

For the CON group, subjects were continually reminded
not to change their level of physical exercise or lifestyle.
They also participated in sarcopenia health education ses-
sions and outcome evaluation. Subjects in the TC and WBV
groups also participated in the health education sessions.
Sessions were taught by a single researcher (once per month
for 40 min), and topics included sarcopenia and its causes,
pathogenesis, clinical performance, adverse impacts, disease
prevention, and treatments.

During each exercise session, participants in all treatment
groups were instructed to report any side effects. Compliance
rates for each session were determined based on participant
attendance. At the end of each session, the subjects and/or
their family members were asked whether they had complied
with the doctor’s advice (TC and WBV groups: no exercise

other than the TC or WBV provided; CON: physical activity/
lifestyle unchanged).

Measurements

All subjects were tested prior to all the experiments. The test
equipments were as follows: (1) Dual-energy X-ray absorp-
tiometry (DXA), measuring the muscle mass; (2) handheld
JAMAR dynamometer (Sammons Preston, Bolingbrook, Illi-
nois, USA), measuring the handgrip strength; and (3) handheld
dynamometer FET3 (Hoggan Health Industries, West Jordan,
UT, USA), measuring the lower-limb muscle strength.

Handgrip strength measurement (Stark et al. 2011)

The subjects’ grips were adjusted before testing. Subjects were
in sitting position, with feet naturally flatting on the ground
and the elbow angle of 90°, leaving a gap between the upper
arm and the thorax (no more than 30°). The subjects held the
grip with the maximum strength for 5 s, and the values were
recorded. Measurement was performed two times for each of
the left and right hands, with the interval time of 1-2 min, and
the mean value was recorded.

Lower-limb strength measurement (Goonetilleke
etal. 1994)

Subjects were seated on a chair (45 cm in height), with the
trunk—thigh and knee joint angles of 90°. The lower-limb
strength measurement was performed as follows: (1) iliop-
soas (hip flexion muscle): hips were flexed at 45° and the
dynamometer was placed at the distal thigh, near the knee
joint; (2) quadriceps femoris (knee extension muscle): hip
and knee were flexed at 90° and the dynamometer was placed
at the tibial surface, proximal to the ankle joint; (3) tibialis
(foot dorsiflexion muscle): hip and knee were flexed at 90°
and the dynamometer was placed over metatarsals; and (4)
hamstring (knee flexion muscle): hip and knee were flexed at
90° and 45°, respectively, and the dynamometer was placed at
1/3 of the distal calf. During the test, the subjects were asked
to maintain 5-s maximal isometric contraction strength. Sub-
jects performed the maximal voluntary isometric contraction
of these four muscle groups for two times. The time interval
was 2 min, and the mean value was recorded.

Physical performance measurement
The 6-m gait speed test (Lund et al. 2017)

A straight line of 12 m was marked on the ground. The
starting point, as well the 3-m, 9-m, and 12-m points, was
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marked. The subjects were informed to walk at normal speed
and pace. The time between the patient’s front foot touch-
ing the 3-m point to the back foot leaving the 9-m point was
recorded. The test was performed for two times, with the
interval resting time for 2—-3 min, and the mean value was
recorded.

Timed-up-and-go test (TUGT) (Barbat-Artigas et al. 2014)

The time was recorded while the subject rose from the arm
chair (45 cm in height; standing up with the arms crossing
over the chest), headed ahead for 3 m (as quickly as they
could, with the normal pace), bypassed the obstacles, walked
back, and sat down again. This test did not require any spe-
cial equipment or training. The test was performed for two
times, with the interval resting time for 2—3 min, and the
mean value was recorded.

Five-times-sit-to-stand test (FTSST) (Fragala et al. 2015)

Subjects were asked to stand up from a chair (45 cm in
height), with their arms crossed over the chest. They needed
to complete the sit-to-stand test, for five times, as fast as
possible. The time of completing the whole process was
recorded. The test was performed for two times, with the
interval resting time for 2-3 min, and the mean value was
recorded.

Balance test (Gusi et al. 2006)

For the static balance test, subjects wore comfortable cloth,
with eyes closed (covered by eye mask), hands akimbo, left
and right foot rotation standing, the other leg kneeing, and
feet lifted off the ground in 10-cm height. Timing began
when the foot lifted off the ground, which ended when the
standing legs moved, touched the ground, or the body was
severely shaken. For the dynamic balance test, subjects stood
(with eyes closed) in a 40-cm diameter circle, stepping at a
step speed of 120 steps per minute, and the stepping height
should be equal to the supporting ankle joint. Time record-
ing was ended when any foot touched the circle line or the
body balance fail to continue. The test was performed for
two times, with the interval resting time for 2-3 min, and
the mean value was recorded.

Statistical analysis

Data were expressed as mean + SD (standard deviation). Sta-
tistical analysis was performed with the SPSS (SPSS Inc.,
IL, USA) 17.0 software. The Chi-squared test and one-way
ANOVA were used for differences between the three groups
at baseline. For the tests, the changes were calculated and
compared between the 0 weeks and 4 weeks, 0 weeks and
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8 weeks, and 4 weeks and 8 weeks. One-way ANOVA with
post hoc analysis was used for comparison among groups.
Two-factor repeated-measure ANOVA was used for dif-
ferences among groups at different time points. The effect
size of different periods was calculated, and an effect size
of 0.8 was usually considered large; 0.5-0.8, moderate; and
0.2-0.5, small (Cohen 1988). P <0.05 was considered sta-
tistically significant.

Results
Baseline assessment

Baseline characteristics of the sample population are dis-
played in Table 3. No significant differences were found
between groups at baseline (P> 0.05). In total, 79 subjects
completed the experiment (TC n=24; WBV n=28; CON
n=27). Eleven subjects withdrew from the study (two pre-
sented with lower back pain after 4 weeks of TC; four did
not want to continue with TC exercise; two in the WBV
group suffered from other disorders during the study; and
three in the CON group developed airway infections). Sub-
jects who completed the trial all had good compliance. There
were no severe adverse effects or health problems in subjects
from the two treatment groups.

Outcome evaluation
Body composition
From baseline to 8 weeks, no significant increase was

observed in whole-body weight or muscle mass of the upper
extremities, lower extremities, or trunk (Table 4; P> 0.05).

Table 3 Baseline characteristics of study subjects

TC WBV Con Fix*> P
N 24 28 27 - -
Age (year) 88.8+3.7 89.5+4.4 87.5+3.0 1.15 0.3
Height (m) 1.68+0.47 1.65+0.25 1.63+0.06 0.12 0.89
Weight (kg) 63.1£6.6 642+6.7 662+10.5 0.61 0.5
BMI (kg/m?) 224431 225422 235439 091 041
Medications, 46434 54+27 58%33 192 0.59
category

Medications include: 1) neurological drugs: tranquilizers, hypnotics,
antianxiety, antidepressants; 2) cardiovascular drugs: antihypertensive
drugs, vasodilators, anticoagulants; 3) analgesics; 4) hypoglycemic
agents; 5) antibiotics; and 6) others

TC the Tai Chi group, WBV the whole-body vibration group, CON
the control group, BMI body mass index (kg/m?)
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Table 4 Muscle mass TC (n=24) WBV (n=28) CON (n=27) Time X group
assessment at baseline and after
8 weeks of training Baseline 8-week Baseline 8-week Baseline 8-week

UM 428+0.59 430+054 435+0.62 443+0.51 446+052 4.41+0.68 P>0.05

LM  13.52+2.28 13.60+2.23 13.18+2.77 13.35+2.21 13.49+2.03 13.51+1.92 P>0.05

™ 20.66+1.54 21.03+1.57 21.74+1.66 21.79+1.75 2198+1.63 21.47+1.71 P>0.05

BM 41.45+3.44 42114297 4233+3.68 42.76+3.35 43.52+3.76 43.04+3.91 P>0.05

For time X group effects determined

for comparisons of these three intervention groups

UM upper limb muscle mass, LM lower-limb muscle mass, TM trunk muscle mass, BM body muscle mass,
TC the Tai Chi training group, WBV the whole-body vibration therapy group, CON the control groups

Muscle strength

As shown in Table 5, significant Time X Group effects
were observed for handgrip strength,iliopsoas muscle
strength,quadriceps femoris muscle strength,tibialis anterior
muscle strength,hamstring muscle strength(HGS, IS, QFS,
TAS, and HS) (P <0.05). A significant increase in hand-
grip strength was observed in the WBV group at 8 weeks
(12.8 £1.9%; P=0.003), but not in the TC or CON groups.

For the IS, significant improvements were observed in the
TC group at 8 weeks (17.2+4.4%; P <0.0001). Similarly,
HS was significantly increased in the WBV group at 8 weeks
(16.3+3.5%; P<0.0001). In both cases, there were signifi-
cant differences compared with the control group (P <0.01;
Table 5).

In both the TC and WBYV groups, significant increases
were observed in QFS (TC 15.0+3.2%; WBV 15.6 +3.0%)
and TAS (TC 14.3 +3.8%; WBV 18.2+4.1%) (P <0.01),
which were also significantly different from the CON group
(P<0.01; Table 5).

After 4 weeks of exercise, there were no significant
changes in handgrip strength between the TC, WBYV, and
CON groups (Fig. 1a). In the TC group, the increase in the
IS (P=0.04) and QFS (P <0.01) was significantly higher
than in the CON group (Fig. 2). IS was also significantly

Table 5 Muscle strength data during the intervention (mean + SD)

higher in the TC group compared with the WBV group
P=0.02).

In the WBYV group, significant increases were observed
in TAS (P<0.01) and HS (P<0.01), compared with the
CON group (Fig. 1D and E). TAS and HS were also sig-
nificantly higher in the WBV group compared with the TC
group (P <0.01; Fig. 1D and E).

In a comparison of muscle strength change from baseline
to 8 weeks between the WBV and TC groups, results were
significantly different for HGS (P <0.01), IS (P <0.01), TAS
(P<0.01), and HS (P <0.01). Additionally, QFS level was
increased approximately in both treatment groups (Fig. 1C).
Table 6 presents the effect sizes at different points of the
study for each of the three groups.

Walking ability and static/dynamic balance capacity

Using repeated-measure one-way analysis of variance
(ANOVA), walking ability and balance capacity were
found to be significantly increased in the TC group from
baseline to 4 weeks and baseline to 8 weeks (P <0.05;
Figs. 2 and 3), relative to baseline values. After 8 weeks of
TC exercise, TUGT and FTSST times were shortened by
4.20+3.555(20.7+4.5%) and 3.55+2.08 s (17.7+£5.2%),
respectively (Fig. 2). The 6-m gait speed was increased by

Muscle strength (kg) TC (n=24) WBYV (n=28) CON (n=27) time X group
Baseline 8-week Baseline 8-week Baseline 8-week

Handgrip 14.87+5.33 15.29+5.38 13.41+4.84 15.09+4.44*%*  15.50+£3.97 15.16+4.52 0.02

Tliopsoas 22.85+4.23 26.78+£5.02%%* 20.994+6.65 22.17+5.77 21.24+6.90 20.94+6.33"  <0.0001

Quadriceps femoris 17.07+2.12 19.63+3.04%%  17.08+3.63 19.74+3.92%F  18.04+4.97 18.15+4.757%  0.0016

Tibialis anterior muscle  17.71+£3.42 20.25+4.65%%% 16.98+3.57 20.07+3.98*** 17.13+3.46 17.69+3.117# <0.0001

Hamstrings 21.37+4.37 22.80+4.00 20.55+3.33 23.90+3.42%%% 19.7946.66 19.47+5.76% 0.0012

TC Tai Chi group, WBV whole-body vibration group, CON control group, HGS handgrip strength, IS iliopsoas muscle strength, QFS quadriceps
femoris muscle strength, TAS tibialis anterior muscle strength, HS hamstring muscle strength

For time X group effects determined for comparisons of these three intervention groups. Where significant time X group effects existing in the
comparison of the three intervention groups, * indicated significant differences within the group vs. baseline. 1 Indicated significant differences
vs. the same time point in the TC group or } vs. the same time point in the WBV group. Significance indicated by increasing number of symbols

(**P<0.01, ***P<0.0001, P <0.01, and £P <0.01, respectively)
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Fig.1 Changes in muscle strength status with the intervention. Fig-
ure adjusted for baseline values showed the significant time X group
effects. Only intergroup effects were shown. Data were analyzed
using repeated-measure ANOVA analysis. Significant differences
between: *, TC versus CON; t, WBV versus CON; and #, TC versus

0.25+0.28 m/s (37.8 +5.4%; Fig. 2). There was an increase
in the one-leg standing time with eyes closed (3.68 +2.49 s;
150.4 + 12.7%); however, a number of subjects were not
able to complete this test [TC 4 subjects (17%); WBV
5/28 (18%); CON 4/27 (15%)]. Improved performance was
also observed in the dynamic balance test (3.41+2.72 s;
54.7+6.2%; Fig. 3).

No statistical differences were noted in walking abil-
ity or balance capacity after 4 weeks of WBYV exercise;
however, significant improvements were observed after
8 weeks (P < 0.05, relative to baseline). Additionally, in the
WBYV group, TUGT and FTSST times were shortened by
2.51+0.71s (14.7+3.9%) and 3.45+1.22 5 (18.9 +4.4%),
respectively (Fig. 2), and the 6-m walking speed was
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respectively). Within-group significance was not shown in the figure
(instead, described in the text)

increased by 0.19+0.23 m/s (30+5.2%; Fig. 2). Static
and dynamic balance times were increased by 2.74 +1.14 s
(123 +£13.3%) and 2.55+1.36 s (45 +6.1%), respectively
(Fig. 3).

Repeated-measure two-factor ANOVA was used to ana-
lyze differences between the three groups (Fig. 3). The
effect sizes for physical performance at different periods
are shown in Table 7. Overall, TC exercise led to improve-
ments in both static and dynamic balance; these effects were
greater than those observed with WBV exercise (P <0.05).
At 8 weeks, there were no differences in TUGT time, FTSST
time, or 6-m walking speed between the TC and WBV
groups (Fig. 2). Compared with the CON group, physical
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Fig.2 Changes in walking ability with the intervention. Figure
adjusted for baseline values showed the significant time X group
effects. Only intergroup effects were shown. Data were analyzed
using repeated-measure ANOVA analysis. Significant differences
between: *, TC versus CON; {, WBV versus CON; and f, TC versus
WBYV. Significance was indicated by increasing number of symbols
(one, two, and three indicating P <0.05, P<0.01, and P<0.0001,
respectively). Within-group significance was not shown in the figure
(instead, described in the text)

performance was significantly improved in both the TC and
WBYV groups (P <0.01).

Discussion

Sarcopenia is characterized by age-related loss of skeletal
muscle, muscle strength, and muscular function. For the
Asian population, there is no consistent treatment for sarco-
penia. The primary purpose of this study was to investigate
the influence of 8 weeks of TC and WBYV exercise on the
musculoskeletal system and physical performance in elderly
sarcopenic men. Our results showed that the muscle mass
did not change after 8 weeks of exercise. The findings are
consistent with previous studies. For example, a 16-week
TC program (Yang-style TC, two times/week, and 60 min/
day) did not induce any significant change in the body mass
in subjects > 75 years (Manson et al. 2013). Similarly, no
changes were observed in lean mass in elderly subjects

Table 6 The effect size of the muscle strength at different periods

(75.17+4.70) trained in the squat position on a vibration
platform (three times/week for 11 weeks) (Gémez-Cabello
et al. 2013). However, several studies have shown increases
in the muscle mass in the younger subjects (Figueroa et al.
2012; Milanese et al. 2012; Roelants et al. 2004b) and in
women (Milanese et al. 2013), as well as in clinical popula-
tions after a period of WBYV exercise (Bogaerts et al. 2007,
Machado et al. 2010). A 2007 study provided direct evidence
that 1 year of WBV exercise could induce a 3-4% increase in
muscle mass in men aged > 60 years (Bogaerts et al. 2007).
The change of the muscle mass may be influenced by train-
ing style, gender, age, population, and training period. In
our study, the 8-week period of TC or WBV exercise was
insufficient to induce muscle hypertrophy.

Our results demonstrated that exercise could enhance
the muscle strength in sarcopenic men, to varying degrees.
For example, we observed a significant increase in hand-
grip strength following WBYV exercise. This is somewhat
expected given that the patient holds the vibrating rope
in both hands; this activates the muscle spindle receptors
of the corresponding muscle group, while the peripheral
muscle groups promote sustained muscle contraction and
increase grip strength (Hollins and Roy 1996). Our results
also showed improvements in lower-limb muscle strength
following TC exercise, which may be positively associated
with the execution of the semi-squat position (Yang et al.
2015) and the transition of movement from one pattern to
another. This causes increased weight to be applied to the
quadriceps femoris muscle as well as muscle groups around
the calf (Yang et al. 2015; Su et al. 2015).

A recent study of 1-year TC exercise in older adults
(mean age 62 years) observed an average increase of 43.3%
in quadriceps strength (Xu et al. 2008). These results are
consistent with the present study. Our results also showed
a clear increasing trend in hamstring strength, though the
result did not reach statistical significance. It is important
to note that, due to weak lower extremity muscles in older
adults, it is difficult to squat down during TC. To maintain
the stability of the gravity center while moving, the step
range is relatively small, which limits the contraction of the

Period HGS IS QFS TAS HS

TC WBV  Con TC WBV  Con TC WBV  Con TC WBV  Con TC WBV  Con
0-4 weeks 0.07 0.22 0.05 0.52°  0.09 0.03 0.69° 031 0.03  0.28 0.63° 005 0.14 056 0.02
0-8 weeks 0.09 0.63° 008 084* 022 0.05 095 081* 002 081* 085 010 034 1.00° 0.11
4-8 weeks 0.10 0.33 0.03 0.22 0.12 0.01  0.37 0.33 0.05 0.36 0.20 005 021 039 0.13

The differences in the effect size using Cohen’s d for all outcomes

TC the Tai Chi group, WBV the whole-body vibration group, CON the control group, HGS handgrip strength, IS iliopsoas strength, QFS quadri-
ceps femoris strength, TAS tibialis anterior muscle strength, HS hamstring muscle strength

aThe effect size larger than 0.80, bthe effect size larger than 0.50

@ Springer



N
o]
o

European Journal of Ageing (2019) 16:273-282

160 -
140
120
100

O4-week
*x M8-week

1. xxI
— . '*-r-—!_
| wBvV ‘ TC ‘ CON
static balance ability (%)

WBV | TC CON
Dynamic balance ability (%)

Changein balance capacity (%)

Fig.3 Changes in balance capacity with the intervention. Figure
adjusted for baseline values showed the significant time X group
effects. Only intergroup effects were shown. Data were analyzed
using repeated-measure ANOVA analysis. Significant differences
between: *, TC versus CON; t, WBV versus CON; and f, TC versus
WBV. Significance was indicated by increasing number of symbols
(one, two, and three indicating P <0.05, P<0.01, and P<0.0001,
respectively). Within-group significance was not shown in the figure
(instead, described in the text)

hamstring muscle. Therefore, it would be difficult to improve
the hamstring muscle strength over a short time period.
During WBYV exercise, vibration was transmitted to the
target muscles with an attenuated frequency and ampli-
tude so that the load on the distal muscle groups would
not induce a significant enhancement in muscle strength
(e.g., 5.6% for iliopsoas). Greater improvements in distal
muscle strength may be achieved with longer durations of
WBYV exercise. Our results showed increasing trends for
muscle strength in the three lower-limb muscle groups.
Similarly, a previous study using a 30-Hz vibration fre-
quency reported a 10% increase in isometric strength in
the lower extremities after 12 weeks of exercise (Machado
et al. 2010). Another study observed a significant increase
(as high as 38.8%) in maximal voluntary isometric con-
traction following 10 weeks of lower-limb WBV exercise
(Machado et al. 2010). In subjects undergoing 6 months

Table 7 The effect size of the physical performance at different periods

of vibration therapy (35-45 Hz, 3-5 mm amplitude, five
times/week), the maximum isometric strength of the
quadriceps muscle increased by 13.84% (Tankisheva et al.
2015). A possible explanation for these outcomes may be
that subjects are exposed to the vibration stimulus while
standing on the vibrating platform, which stimulates the
muscle spindles and activates o motor neurons; this con-
tributes to the activation of muscle and nerve fibers and
the enhancement of the neuromuscular system (Hung et al.
2009).

The assessment of physical performance mainly consisted
of physical mobility and balance. TC and WBYV exercise
may produce different effects on balance in older individu-
als. In the present study, balance was significantly improved
after 4 weeks of TC, and this effect was stronger than that
observed following WBYV exercise. This may be explained
by the slow movements used in TC, as well as the gravity
center shifts and constant joint motion (Li 2014; Nashner
1997). Additionally, more ontological receptors are activated
to facilitate exercise control and body coordination (Li 2014;
Nashner 1997). At the same time, increased lower extremity
muscular strength also plays a key role in balance control
(Yang et al. 2015). For the WBV group, quadriceps and ante-
rior tibialis muscle strength was increased in older adults
during walking, which provided enough support and ankle
dorsal angle to prevent falling. This may be the main reason
for the improved walking and balance abilities in the WBV
group (Yang et al. 2015). Therefore, exercise interventions
are beneficial for physical function in older adults.

The major limitation of this study was that the length
of the exercise period (8 weeks) seemed insufficient to
produce changes in muscle mass. This study was also
limited by its small sample size, as only 79 older adults
completed the experiment. Furthermore, the changes in
subjects’ lower-limb muscular strength and physical func-
tion were not measured in the following weeks or months.
Therefore, it is not known how long the improved muscle
strength and physical function were maintained. Further
in-depth studies are required to address these issues.

Period 6-m gait speed TUGT FTSST Static balance Dynamic balance

TC WBV Con TC WBV Con TC WBV Con TC WBV Con TC WBV  Con
0-4 weeks  0.79° 041 0.02 0.5 0.20 0.09 054> 044 0.09 0.98 0.1 0.02 0.60° 021 0.08
0-8 weeks  1.11*  0.99* 0.06 0.80° 051> 0.07 081> 074> 029 1.11* 0.89*° 026 094* 081> 0.14
4-8weeks 0.57° 042 0.04 045 027 003 022 027 0.17 024 0.60° 022 027 056 006

The differences in the effect size using Cohen’s d for all outcomes

TC the Tai Chi group, WBV whole-body vibration group, CON the control group, TUGT the timed-up-and-go test, F7SST the five-times-sit-to-

stand test
aThe effect size larger than 0.80, bthe effect size larger than 0.50
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In conclusion, our results showed that older men with
sarcopenia may benefit from TC and WBV exercise. TC
and WBYV are non-pharmacological therapies that can
improve muscle strength and physical performance in older
sarcopenic patients, though the effects on muscle mass are
limited. TC may also help to improve balance, but only in
patients with good physical fitness who are able to stand
on their own; the patients must also have sufficient cogni-
tive ability to be able to understand the trainers/coaches.
For WBYV exercise, patients can either sit or stand, with no
fitness level requirement; this is particularly helpful for the
older adults with weak cognitive ability. Thus, TC and WBV
programs may be tailored to individual patients, based on
their specific needs and abilities.

Funding This study was supported by the research for early diagnosis
indexes and intervention methods of sarcopenia (Grant No., 15BJZ39).
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