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Counter movement jump performance between older
adults with and without regular tai chi exercise training
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Abstract:
Background 		 Martial arts, especially tai chi and other systems of health exercises can significantly stimulate all dimensions
& Study Aim: of the positive health. The aim of the study was the effect of tai chi exercise on maximal counter movement
jump (CMJ) in older adults.

Material & Methods: 		 Tai chi group (n =17; age: 72.1 ± 4.3 yrs) and healthy older adults (n=17; age: 73.5 ± 5.5 yrs) were recruited in
this study. Jump height, vertical velocity of the body center of mass (COM), and peak power output were analyzed by using a force plate (1000Hz) during the performance of a maximal effort CMJ.

Results: 		 Tai chi subjects had greater performance than healthy elderly group in jump height (14.35±4.07cm vs.
11.18±3.41cm), peak power output (29.72 ± 3.82 vs. 25.52 ± 4.04 watts/BW), vertical velocity of the body
COM at takeoff (Vtake-off ) (1.68 ± 0.20 vs. 1.49 ± 0.22 m/sec).

Conclusions: 		 Older adults participated in tai chi exercise training had better performance in a maximal effort CMJ. These
enhancements may decrease limitations of daily functional performance and reduce fall risk.
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Positive health – a concept of
health related to the quality
of life and to the capability
possessed by an individual.
This term relates more to the
development, than to the simple
coping skills. In the physiological
context it may be perceived as a
state which is characterized by:
A) the absence of the disease;
b) low level of the severity of
risk factors of the civilization
diseases; c) an adequate capacity
of adaptive mechanisms
responsible for the control of
the external environment, the
physical effort in particular [31].

Introduction
Age-related decline in muscle function, including
muscle strength and muscle power, increases the difficulty in the performance of daily functional activities
in older adults. The rate of decline in muscle power
after the age of 65 years has been reported to be higher
than the overall reduction in muscular strength [1]. As
a result, this overall decrease in muscle power may have
a greater impact on functional performance of daily
activities than the reduction in muscle strength [2-4].
Reduced muscle power has been cited as one of the
primary factors that may impair mobility and maintain
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independence of older adults [5-7]. Results of previous
studies have also reported increased frailty, a reduction
in postural control and increased rate of falls in adults
of increased age [3,8,9].
Regular exercise is essential for older adults in order
to maintain muscle function. Tai-chi exercise, a traditional Chinese martial art, is a very popular and
accepted exercise modality in both eastern and western countries. Many studies have reported that engaging in tai chi exercise may enhance strength [10-13],
flexibility [14], and balance [15-17]. Tai chi exercise
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programs for older adults have been often designed
to combine strength, flexibility and balance training
[8,18]. Furthermore, the moderate intensity of tai chi
exercise [19] is possible for older adults. In our opinion, tai chi exercise may be suitable for older adults
to engage in terms of physical enhancement, training
intensity, and the forms of body movements required.
In addition, tai chi exercise can be performed just
about anywhere and with little specialized equipment.
The countermovement jump (CMJ), a test of physical performance, is a dynamic weight bearing movement skill that utilizes multiple muscles and joints
of the lower extremities. This assessment could be
used to estimate muscle strength and power performance in older adults [20,21]. Both components of
muscle power, muscle force and contraction velocity, can be observed during a maximal CMJ [22,23].
Investigations [22,23] have suggested that the CMJ,
can detect significant functional limitations in muscle
strength and power of older adults during this coordinated motor skill. Muscle power production through
pre-stretch enhancement during this weight-bearing
skill in older adults may be highly relevant to their
functional performance capabilities.
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Although there are many studies that have examined
tai chi exercise’s influence on the specific functional
tasks such as gait [24] and balance [25,26] in older
adults, to our knowledge, there appears to be no evaluation of maximal performace effort using a CMJ in
older adults that regularly perform tai chi exercise.
Previous study suggested that it may be of interest
to examine CMJ performance in older adults that
have regularly performed regular tai chi exercise [23].
Many studies have reported that muscle strength of
lower limbs could be enhanced through tai chi training [10-13,27,28]. However, these studies have largely
examined isometric or isokinetic strength of single
lower extremity joints [10-13]. These strength assessments do not address muscle power output during
a dynamic, multijoint, weightbearing task such as
required in the CMJ.
The aim of the study was the effect of tai chi exercise on the maximal counter movement jump (CMJ)
performance in older adults. We compared between
regular tai chi elderly performers and healthy elderly
adults during maximal CMJ to determine the if there
were changes in muscular strength and power of the
lower extremities with tai chi exercise. We hypothesized that long-term tai chi exercise group would
have a greater CMJ performance than the healthy
older adult group.
250 | ISSUE 4 | VOLUME 9 | 2013

Material and methods
Seventeen older adults who were regular tai chi exercise performers (TC older adult group: included
10 males and 7 females; average age: 72.12 ± 4.31
yrs; average height: 159 ± 6.74 cm; average weight:
57.76 ± 6.89 kg) and 17 older adults without regular
and systematic physical training (healthy older adult
group: included 11 males and 6 females; average age:
73.5 ± 5.51 yrs; average height: 164.38 ± 8.77 cm;
average weight: 61.16 ± 9.93 kg) were recruited. All
subjects of TC older adult group regularly performed
traditional Yang Tai Chi exercise (108 forms) at least
5 times per week for more than two years. TC exercise sessions consisted of approximately 10-min TC
warm-up, 25-min of main TC exercise, and 5-min of
cool-down. Participants who were currently suffering from motor or neuropsychological disorders were
not included in this investigation. All subjects had
adequate warm-up prior to testing in the laboratory.
This research was approved by the local institutional
review board and all volunteers signed a written consent form prior to testing.
A Kistler 9281 force plate (Kistler Instrumente AG,
Winterhur, Switzerland, 90 cm in length, 60 cm in
width) interfaced with a computer was used to record
the ground reaction forces (GRF) at 1000Hz while
the subjects performed 3 maximal effort CMJs. Each
trial was recorded from the beginning of the movement until contact with the force plate after the flight
phase of the jump.
Subjects were asked to place and keep their hands at
their hips while performing the maximal effort CMJ.
Each subject was instructed to start in an upright position, rapidly squat down to about 90 degrees of knee
flexion and immediately perform a maximal jump into
the air (Figure 1). They were asked to land back on the
force plate during all performance trials. The downward depth and speed in which all subjects performed
the CMJ was self-selected by the performer. For safety,
an experienced research assistant stood alongside each
subject while performing the test. One of three trials
with the greatest time in the air was selected for further
analysis. The vertical ground reaction force (VGRF)
from the force platform was used to calculate the vertical velocity of the body center of mass (COM) according to the following equation.

Where Vc is the vertical velocity of COM, F is the
vertical force measured by the platform, m is the body
mass of the subject and g is the acceleration due to
www.archbudo.com
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gravity (9.81 m s-2), t0 is the beginning of the CMJ,
the instant that the VGRF was less that 10 N below
body weight and decreased during the countermovement phase of the CMJ. Power of the lower extremities was continuously calculated during the CMJ as
the instantaneous product of VGRF and Vc [23]. The
position of COM was obtained by integrating instantaneous velocity during the CMJ.
The CMJ was divided into two phases: the countermovement phase and the jump phase. The countermovement phase was defined as the time interval
from starting position to the point associated with the
lowest position of COM. The jump phase was defined
as the time interval from the lowest position of COM
to the take-off from the force platform (Figure 1).
Consequently, the duration of countermovement and
jump phase was calculated by the time interval based
on these two events, and the displacement of COM
during phase was determined by change in vertical
position of COM. The VGRF and power were normalized by each subjects’ body weight. Based on the
vertical velocity at the instant of take-off (i.e. takeoff vertical velocity) and projectile motion principles,
we calculated the jump height.

Results
Table 1 depicts the data for each group during the
performance of the maximal CMJ. At the lowest
position of COM during the countermovement
phase, TC group exhibited 9.4% greater vertical ground reaction force (VGRF) than healthy
older adult group, while the duration and displacement of COM during this phase were not different (p > .05). During jump phase, the two groups
also exhibited no difference in duration and displacement of COM (p > .05). Compared to the
healthy older adult group, TC group exhibited a
greater jump height, peak vertical velocity (Vpeak ),
take-off vertical velocity (Vtake-off ), peak VGRF, and
peak power (p < .05). Since peak power is obtained
the greatest production of vertical force and the
corresponding instantaneous vertical velocity, we
showed that both components of peak power,
VGRF and vertical velocity, were greater in TC
exercise group. Finally, compared to the healthy
older adult group, TC group exhibited a greater
ratio of Vtake-off / Vpeak (p < .05).

-

-

-

-
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Independent t-tests were used to examine differences between the two groups (TC and non-TC

participants) for each dependent variable. Statistical
analyses were performed using SPSS 12.0 statistical
software (SPSS Inc., Chicago, IL, USA). Alpha was
set to .05 for all statistical tests.

Figure 1.The CMJ was divided into two phases: the countermovement phase (from a to b) and jumping phase (from b to
c). The a, b and c are the instant of beginning, the lowest position of COM, and take-off during CMJ, respectively.
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Table 1. Variables of the tai chi (TC) training group and the healthy elder group during the maximal CMJ

TC elderly
(n = 17)

Variable

healthy elderly
(n = 17)

p

M

SD

M

SD

Duration (ms)

602.80

67.30

669.60

230.10

0.34

COM displacement (cm)

21.73

7.97

22.81

7.13

0.68

Peak vertical force (N/BW)

17.15

2.35

15.54

2.12

0.04*

Duration (ms)

295.80

74.30

320.00

55.64

0.29

Countermovement phase

Jump phase
COM displacement (cm)

32.59

7.98

32.92

7.24

0.90

Peak vertical force (N/BW)

20.12

2.02

18.19

1.53

0.00*

Peak vertical velocity (m/s)

1.82

0.16

1.69

0.19

0.05*

Instantaneous velocitytake off ( m/s)

1.68

0.20

1.49

0.22

0.02*

Peak power (W/BW)

29.72

3.82

25.52

4.04

0.00*

Velocitypeak power (ms )

1.64

0.14

1.53

0.17

0.05*

Forcepeak power ( N/BW)

19.59

2.02

16.53

1.31

0.00*

V take-off /V peak (%)

92.36

3.05

88.15

4.93

0.01*

Jump height (cm)

14.35

4.07

11.18

3.41

0.02*

-1

*p < 0.05

Discussion

-

-

-

-

-

These findings support our hypothesis that the TC
exercise group would have greater performance during
a maximal CMJ, including jump height, the VGRF
at the lowest position of COM during the countermovement phase and peak VGRF, peak power, force
and velocity components of peak power, Vpeak, Vtake-off,
ratio of Vtake-off / Vpeak during jumping phase.
The ground reaction force variables obtained represent
the ability of neuromuscular system to develop strength
and power in the lower extremities during a maximal
effort CMJ [21]. In the present study, TC older adults
had greater peak VGRF in the CMJ during the countermovement and jumping phases compared to the
healthy older adults who did not regularly participate
in TC exercise training. These results reveal that older
adults that regularly participate in TC exercise appear
to have a better neuromuscular capacity to produce
muscle strength and power during a maximal CMJ. It
is well known that muscle strength and power tends
to decrease with ageing. Skelton et al. [1] reported a
decline in muscle strength of 1.2~2% per year after
the age of 65 years. In our study, those who performed
regular and long-term TC exercise may have enhanced
or maintained muscle strength and power. This may
reduce some of the age related limitations of associated
with functional activities.
252 | ISSUE 4 | VOLUME 9 | 2013

De Vito et al. [29] estimated the maximal power
of sedentary women aged 50-75 years through two
types of vertical jumps: squat jumps (SJ) and countermovement jumps (CMJ). They reported that
maximal muscle power decreased significantly with
aging. In their study, another main finding was that
the instantaneous vertical velocity associated with
the maximal power was negatively and significantly
related to these older adults while the magnitude
of VGRF was not related to age. In our investigation, the TC exercise group developed significantly greater peak power during a maximal effort
CMJ than the healthy older adult group (Figure
2a and Figure 2d). This increase in peak power
may due to the effect of regular long-term traditional Yang’s Tai Chi exercise. An increase in peak
power in older adults has also been observed after
both a 36-week multi-component training [22]
and a 12 week of low intensity conditioning exercise programs [30] in other investigations. In a further examination of the VGRF and instantaneous
velocity components at the instant of peak power,
there appears to be a significant increase in the
instantaneous velocity with no change in VGRF at
the instant of peak power in either of these investigations (about 4.1 % and 13% change, respectively). The most novel part of our investigation
was that the TC elderly group when compared to
www.archbudo.com
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Figure 2.Left column (a, b, c) and right column (d, e, f) are the typical power (watt/body weight), instantaneous velocity
of COM (m/s), and vertical ground reaction force (N/BW) of a Tai Chi and healthy older adult, respectively.
The CMJ was normalized as 100% from the start to the take-off. The instant of peak power was denoted at
the vertical line shown at PP.

-

-
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-

the healthy older adult group had a greater VGRF
and instantaneous velocity at the instant of peak
power (Table 1). This may have been due to the regular participation (greater than 2 years) in Tai Chi
exercise of the TC participants in our investigation.
The velocity variables, Vpeak-power, Vpeak, and Vtake-off,
were greater in TC exercise group compared to the
healthy older adults in this study. These results demonstrated that the movement velocity was enhanced
in the TC exercise group. These changes influenced
the power output and resulting vertical jump performance. The TC exercise group showed a greater
ratio of Vtake-off / Vpeak compared to the healthy older
adult group. Vpeak occurred during the last portion of
CMJ prior to take-off (Figure 2b and Figure 2e). The
decreases in instantaneous velocity from the Vpeak to
Vtake-off time interval may represent the group’s ability of accelerate their center of mass through their
lower extremities. A higher ratio of Vtake-off / Vpeak in
the TC exercise group may be a reflection of better muscle capacity prior to take-off. Caserotti et
al. [23] reported that the ankle plantar flexors may
be responsible for these findings. Previous investigations have reported increases in ankle muscular
© ARCHIVES OF BUDO | HEALTH PROMOTION AND PREVENTION

strength in tai chi training groups [27,28]. However,
we are not sure if the higher ratio of Vtake-off and Vpeak
observed in the TC exercise group in our study could
be attributed to stronger plantar flexors. Therefore,
further investigation using kinematics and EMG
measures may be useful in further examining this
hypothesis.
Besides jump height, the TC exercise group showed
many performance increases in our measurements.
The specific movements, such as one-leg deep squat,
two-leg deep squat and jumping, are required in
108-forms of traditional Yang’s Tai Chi exercise.
Many of these movement forms appear to provide
an exercise training stimulus for many muscle groups
in a weight bearing situation that improve the performance of a CMJ.

Conclusions
The older adults who participated in regular TC
exercise exhibited greater performance (including greater peak VGRF, peak power, peak vertical
velocity, take-off velocity, and jump height) during a
maximal CMJ compared to a group of healthy older
2013 | VOLUME 9 | ISSUE 4 | 253
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adults. Both the VGRF and instantaneous velocity
at time of peak power was enhanced in our TC exercise group. The TC exercise group exhibited a better
capacity to maintain a higher peak vertical velocity of COM prior to take-off. These performance
enhancements may influence the functional performance of elderly individuals.
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