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In the recent guidelines released by the American Geriatrics Society and the British 
Geriatric Society Tai Chi is strongly recommended the exercise form for elderly people to 
prevent falls. Biomechanics is the most effective way to explain the underlying 
mechanism of Tai Chi in improving the balance stability and posture control. This article 
introduces the biomechanics studies reported in the last decades to explore the 
kinematics, kinetics and electromyography characteristics of Tai Chi movements. Through 
these studies the unique contribution of Tai Chi exercise to balance stability and posture 
control and subsequently prevention of falls has been better understood. This article also 
suggest that in order to understand the neurological basis of the effects of Tai Chi 
exercise on falls prevention, a Magnetic Resonance Image study should be conducted. 
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THE NEED OF BIOMECHANICAL STUDY ON TAI CHI (TAI JI): The American Geriatrics 
Society and the British Geriatric Society have updated their guidelines on preventing falls in 
older persons in 2010. Tai Chi is categorised as a strong recommendation as good evidence 
was found that the intervention improves health outcomes and that benefits substantially 
outweigh harm (American Geriatrics Society and British Geriatrics Society, 2011).  Indeed, 
Wolf et al. (1996) reported that a 15-week Tai Chi intervention program reduced 47.5% of 
risk of falls. Poor balance capacity, decreased muscle strength and flexibility, and the change 
in gait with aging are among the risk factors related to falls in the elderly (Myers, Young, & 
Langlois, 1996). A number of biomechanical studies have been conducted to explore the 
effects of Tai Chi exercise on all factors related to balance capacity. 
Balance: Biomechanical methods have been used to assess the balance capacity. Tse and 
Bailey (1992) reported that Tai Chi practitioners performed significantly better on single-leg 
stance with eyes open and heel-to-toe walking than non-practitioners. Lan et al. (1996) found 
that long-term Tai Chi practitioners showed better scores in a stand-and-reach test.  Hong, Li, 
and Robinson (2000) reported that elderly long-term Tai Chi practitioners performed better in 
the tests of single leg stance with eyes closed and in tests of sit-and-reach than their 
sedentary counterparts. Tsang and Hui-Chan (2003) also examined whether elderly Tai Chi 
practitioners have developed better standing-balance control than elderly healthy control 
subjects. The body sway was measured using a force plate. Tai Chi practitioners initiated 
voluntary weight shifting in the limits of the stability test more quickly than control subjects. 
Moreover, they could lean further without losing stability and showed better control of their 
leaning trajectory. Using the computerized dynamic posturography, Tsang et al. (2004) 
compared healthy elderly Tai Chi practitioners with their sedentary counterparts in balance 
control when they stood under reduced or conflicting somatosensory, visual, and vestibular 
conditions. It was found that Tai Chi practitioners performed better than the non-Tai Chi 
subjects in the visual and vestibular ratios, but not in the somatosensory ratio. Tsang and 
Hui-Chan (2005) examined the balance capacity of older Tai Chi practitioners and their 
sedentary counterparts when they performed static double-leg stance and single-leg stance 
on platform perturbed forward or backward. The results showed that Tai Chi practitioners had 
less anteroposterior body sway angles in single-leg but not double leg stance than did control 
subjects. A number of Tai Chi intervention studies have also been reported. Schaller (1996) 
found that a 10-week Tai Chi exercise resulted in a significant improvement in the scores for 
single-leg stance with eyes open, but not in the single-leg stance with eyes closed. Jacobson, 
Chen and Cashel (1997) reported significantly better balance control in 12 adult Tai Chi 
participants than in 12 sedentary subjects after a 12-week Tai Chi intervention. Shih (1997) 
reported a 16-week Tai Chi intervention was associated with substantial changes in the sway 
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movements of Tai Chi have been studied. Analysis on the “Brush knees and twist step” 
showed that the position and direction of the centre of gravity (CG) changed continuously 
throughout the movement. The three dimensional displacement, velocity and acceleration of 
the CG were much smaller than those in other locomotion such as walking. The range of 
motion (ROM) of 3-D foot-ankle complex was much larger than those in walking and running 
(Xu, et al., 2003).  
The kinetics study using insole sensor system showed that in playing the whole set of 42-
form Tai Chi, the loading on the first metatarsal head and the great toe was greater than on 
other regions. Compared with normal walking, the locations of the centre of pressure (COP) 
in Tai Chi movements were more medial and posterior at initial contact, and were more 
medial and anterior at the end of contact with the ground. The displacements of the COP 
were wider in the mediolateral direction and larger the anterposterior direction (Mao, Li, & 
Hong, 2006b). When performing one-leg stances, the peak pressure and pressure-time 
integral on the second and third and on the fourth and fifth metatarsal heads were greater in 
Tai Chi than in normal walking, whereas the peak pressure and pressure-time integral on the 
first metatarsal head and the great toe were greater than those on other plantar regions 
during the one-leg stance in Tai Chi exercise (Mao, Li, & Hong, 2006c).  
Endeavours were also made to explain how Tai Chi practice could enhance the balance and 
posture control using electromyographic (EMG) methods. In a study, the EMG activities of 
the muscles of rectus femoris, semitendinosus, gastrocnemius, and anterior tibialis were 
analyzed during performance of the “Brush knees and twist step”. Except the anterior tibialis, 
the estimated amplitudes of the other muscles were lower than 20% maximal voluntary 
contraction. In addition, the EMG patterns of the agonist and antagonist showed the well-
coordinated recruitment.  
The movement analysis showed that the kinematics, kinetics and muscle activity challenge in 
performing Tai Chi movements are high. The adaptation of Tai Chi practitioners to these 
challenges would develop their capacity to control the posture and maintain the balance. 
 
FUTURE DIRECTION: To date, the neurological mechanism of the beneficial effects of Tai 
Chi exercise on posture control, balance, and neuromuscular control has not been well 
understood. The MRI studies have found that exercise, such as Basketball (Park, et al., 
2009), golf (Jancke, et al., 2009), diving (Wei, et al., 2009; Wei and Luo, 2010), archery (Kim, 
et al., 2008), can cause the structural and functional changes in brain. It is suggested that the 
application of Magnetic Resonance Image in Tai Chi research would explain whether Tai Chi 
exercise leads to the structural and functional change in human brain. The findings would 
have application in designing the exercise intervention program to improve the balance and 
posture control, which would lead to the prevention of falls. 
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velocities in anterior and posterior directions between the pre- and post-tests in 11 elderly 
subjects using forceplate test. All above mentioned studies proved Tai Chi an effective 
exercise form for improving balance capacity in older people. 
Muscle strength and endurance: Tsang and Hui-Chan (2005) reported that elderly Tai Chi 
practitioners had higher peak torque-to-body weight ratios of their knee extensors and flexors 
in concentric and eccentric isokinetic contractions at an angular velocity of 30°/s than their 
sedentary counterparts. In another cross-sectional study, Xu, Li, and Hong (2006) found that 
the older long-term Tai Chi practitioners had similar magnitude to the long-term joggers but 
higher than their sedentary counterparts in the peak torque-to-body weight ratios of 
concentric isokinetic contractions in knee extensors and flexors at 120°/sec angular velocity 
and in ankle dorsiflexion at 30°/sec,. Moreover, compared with sedentary controls, the Tai 
Chi group showed pronounced dynamic muscle endurance, which was assessed by the ratio 
of the mean work of the first 5 to the last 5 among the 40 maximum concentric isokinetic 
contractions,  in knee extensors at  120°/sec angular velocity. A 16-week Tai Chi intervention 
study showed that Tai Chi exercise significantly increased muscle strength of the knee 
flexors (Li, Xu, & Hong, 2009). All above mentioned studies proved Tai Chi an effective 
exercise form for improving lower extremity muscle strength and endurance. 
Neuromuscular control: Research has shown that postural control stability is significantly 
affected by a decline in proprioception in the lower limb (Lord & Castell, 1991). The classic 
methods for testing proprioception involve the determination of the lowest threshold for the 
detection of joint rotation, namely kinesthesia, and the determination of joint position sense 
from the accuracy with which contralateral joint angles can be matched or a limb segment 
repositioned in three-dimensional space without the aid of visionUsing isokinetic test, Tsang 
and Hui-Chan (2003) found that the long-term elderly Tai Chi practitioners had better than 
the control subjects in knee-joint passive repositioning. Xu et al. (2004) reported that elderly 
Tai Chi practitioners had better ankle joint dorsiflexion and plantar flexion kinaesthesia than 
both the elderly swimming/running exercisers and their sedentary counterparts and better 
knee flexion kinaesthesia than the subjects in the sedentary group. In this study the custom-
made devices were used to measure the ankle and knee kinaesthesia respectively. To date, 
there were only two literatures that assessed the effects of Tai Chi intervention on 
proprioceptive function. Li, Xu, and Hong (2008) reported that a 16-week Tai Chi intervention 
improved the kinesthesia of knee flexion and extension using the same methods reported by 
Xu, et al. (2004). Jacobson, et al. (1997) found that a 12-week Tai Chi intervention improved 
the position sense of glenohumeral medial rotation at 60º in adult participants. All above 
mentioned studies proved that Tai Chi exercise is beneficial on improving proprioceptive 
function of lower and upper extremities. 
Pevention of falls also depends on the timely initiation of an appropriate postural response to 
control the body’s center of mass once a displacement occurs (Horak, Shupert, & Mirka, 
1989). By measuring the latency of muscles, which was defined as the time from the moment 
that unexpected ankle inversion perturbation began to the moment of onset of the EMG 
response, it was found that the femoris and anterior tibialis muscles of long-term Tai Chi 
practitioners were activated as fast as those in the long-term jogger and were faster than 
those in the control group (Xu, et al., 2005). Moreover, a 16-week Tai Chi intervention 
program showed that there was also a significant decrease in semitendinosus muscle 
latency, which was significantly shorter than that in the control group. In these two studies, 
the posture perturbation was evoked by an custom-made device. The studies showed that 
Tai Chi exercise is helpful in improving neuromuscular reaction capacity of lower extremity 
muscles. 
Movement characteristics: The beneficial effects of Tai Chi on fall prevention should 
attribute to its movement characteristics. video analysis on foot movements has identified 
seven support patterns and six stepping directions, which are frequently interchanged 
throughout the exercise of the whole set of 42-form Tai Chi. It was found that when 
compared with walking, the duration of single support phase was longer and the transition 
from one support pattern to the next or stepping in one direction to another was slower (Mao, 
Li, & Hong, 2006a). Moreover, the biomechanics of classic and representative individual 
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movements of Tai Chi have been studied. Analysis on the “Brush knees and twist step” 
showed that the position and direction of the centre of gravity (CG) changed continuously 
throughout the movement. The three dimensional displacement, velocity and acceleration of 
the CG were much smaller than those in other locomotion such as walking. The range of 
motion (ROM) of 3-D foot-ankle complex was much larger than those in walking and running 
(Xu, et al., 2003).  
The kinetics study using insole sensor system showed that in playing the whole set of 42-
form Tai Chi, the loading on the first metatarsal head and the great toe was greater than on 
other regions. Compared with normal walking, the locations of the centre of pressure (COP) 
in Tai Chi movements were more medial and posterior at initial contact, and were more 
medial and anterior at the end of contact with the ground. The displacements of the COP 
were wider in the mediolateral direction and larger the anterposterior direction (Mao, Li, & 
Hong, 2006b). When performing one-leg stances, the peak pressure and pressure-time 
integral on the second and third and on the fourth and fifth metatarsal heads were greater in 
Tai Chi than in normal walking, whereas the peak pressure and pressure-time integral on the 
first metatarsal head and the great toe were greater than those on other plantar regions 
during the one-leg stance in Tai Chi exercise (Mao, Li, & Hong, 2006c).  
Endeavours were also made to explain how Tai Chi practice could enhance the balance and 
posture control using electromyographic (EMG) methods. In a study, the EMG activities of 
the muscles of rectus femoris, semitendinosus, gastrocnemius, and anterior tibialis were 
analyzed during performance of the “Brush knees and twist step”. Except the anterior tibialis, 
the estimated amplitudes of the other muscles were lower than 20% maximal voluntary 
contraction. In addition, the EMG patterns of the agonist and antagonist showed the well-
coordinated recruitment.  
The movement analysis showed that the kinematics, kinetics and muscle activity challenge in 
performing Tai Chi movements are high. The adaptation of Tai Chi practitioners to these 
challenges would develop their capacity to control the posture and maintain the balance. 
 
FUTURE DIRECTION: To date, the neurological mechanism of the beneficial effects of Tai 
Chi exercise on posture control, balance, and neuromuscular control has not been well 
understood. The MRI studies have found that exercise, such as Basketball (Park, et al., 
2009), golf (Jancke, et al., 2009), diving (Wei, et al., 2009; Wei and Luo, 2010), archery (Kim, 
et al., 2008), can cause the structural and functional changes in brain. It is suggested that the 
application of Magnetic Resonance Image in Tai Chi research would explain whether Tai Chi 
exercise leads to the structural and functional change in human brain. The findings would 
have application in designing the exercise intervention program to improve the balance and 
posture control, which would lead to the prevention of falls. 
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velocities in anterior and posterior directions between the pre- and post-tests in 11 elderly 
subjects using forceplate test. All above mentioned studies proved Tai Chi an effective 
exercise form for improving balance capacity in older people. 
Muscle strength and endurance: Tsang and Hui-Chan (2005) reported that elderly Tai Chi 
practitioners had higher peak torque-to-body weight ratios of their knee extensors and flexors 
in concentric and eccentric isokinetic contractions at an angular velocity of 30°/s than their 
sedentary counterparts. In another cross-sectional study, Xu, Li, and Hong (2006) found that 
the older long-term Tai Chi practitioners had similar magnitude to the long-term joggers but 
higher than their sedentary counterparts in the peak torque-to-body weight ratios of 
concentric isokinetic contractions in knee extensors and flexors at 120°/sec angular velocity 
and in ankle dorsiflexion at 30°/sec,. Moreover, compared with sedentary controls, the Tai 
Chi group showed pronounced dynamic muscle endurance, which was assessed by the ratio 
of the mean work of the first 5 to the last 5 among the 40 maximum concentric isokinetic 
contractions,  in knee extensors at  120°/sec angular velocity. A 16-week Tai Chi intervention 
study showed that Tai Chi exercise significantly increased muscle strength of the knee 
flexors (Li, Xu, & Hong, 2009). All above mentioned studies proved Tai Chi an effective 
exercise form for improving lower extremity muscle strength and endurance. 
Neuromuscular control: Research has shown that postural control stability is significantly 
affected by a decline in proprioception in the lower limb (Lord & Castell, 1991). The classic 
methods for testing proprioception involve the determination of the lowest threshold for the 
detection of joint rotation, namely kinesthesia, and the determination of joint position sense 
from the accuracy with which contralateral joint angles can be matched or a limb segment 
repositioned in three-dimensional space without the aid of visionUsing isokinetic test, Tsang 
and Hui-Chan (2003) found that the long-term elderly Tai Chi practitioners had better than 
the control subjects in knee-joint passive repositioning. Xu et al. (2004) reported that elderly 
Tai Chi practitioners had better ankle joint dorsiflexion and plantar flexion kinaesthesia than 
both the elderly swimming/running exercisers and their sedentary counterparts and better 
knee flexion kinaesthesia than the subjects in the sedentary group. In this study the custom-
made devices were used to measure the ankle and knee kinaesthesia respectively. To date, 
there were only two literatures that assessed the effects of Tai Chi intervention on 
proprioceptive function. Li, Xu, and Hong (2008) reported that a 16-week Tai Chi intervention 
improved the kinesthesia of knee flexion and extension using the same methods reported by 
Xu, et al. (2004). Jacobson, et al. (1997) found that a 12-week Tai Chi intervention improved 
the position sense of glenohumeral medial rotation at 60º in adult participants. All above 
mentioned studies proved that Tai Chi exercise is beneficial on improving proprioceptive 
function of lower and upper extremities. 
Pevention of falls also depends on the timely initiation of an appropriate postural response to 
control the body’s center of mass once a displacement occurs (Horak, Shupert, & Mirka, 
1989). By measuring the latency of muscles, which was defined as the time from the moment 
that unexpected ankle inversion perturbation began to the moment of onset of the EMG 
response, it was found that the femoris and anterior tibialis muscles of long-term Tai Chi 
practitioners were activated as fast as those in the long-term jogger and were faster than 
those in the control group (Xu, et al., 2005). Moreover, a 16-week Tai Chi intervention 
program showed that there was also a significant decrease in semitendinosus muscle 
latency, which was significantly shorter than that in the control group. In these two studies, 
the posture perturbation was evoked by an custom-made device. The studies showed that 
Tai Chi exercise is helpful in improving neuromuscular reaction capacity of lower extremity 
muscles. 
Movement characteristics: The beneficial effects of Tai Chi on fall prevention should 
attribute to its movement characteristics. video analysis on foot movements has identified 
seven support patterns and six stepping directions, which are frequently interchanged 
throughout the exercise of the whole set of 42-form Tai Chi. It was found that when 
compared with walking, the duration of single support phase was longer and the transition 
from one support pattern to the next or stepping in one direction to another was slower (Mao, 
Li, & Hong, 2006a). Moreover, the biomechanics of classic and representative individual 
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The response of biological tissue to impact like mechanical loading in sports is of vital 
interest in sports biomechanics, athletic training research and especially the development of 
an injury reduction model. Bone and articular cartilage react differently to mechanical 
loading in the long term. A strong association to the loading patterns for the response of 
bone but not for that of cartilage has been be identified. For the short term experimental 
results provide evidence on two different articular cartilage responses related to loading 
regimes (high frequent impact vs. low frequent impact). From the reported results the risk of 
overuse through impact loading was derived as a function of sports related impact loading 
patterns and subject specific prerequisites.  
  
KEY WORDS: Impact loading, high and low frequency impacts, cartilage, bone 

 
INTRODUCTION: This contribution discusses the association between impact like mechanical 
loading in sports and the response of biological tissue to single and repetitive impact 
applications in a short and a long term perspective. The focus will be on variables describing 
impact loading and on biomarkers indicating the biological reactions. The review of the impact 
related responses of biological structures will concentrate on bone and articular cartilage, two 
biological tissues which might be of major interest in relation to overuse and injuries due to 
sports and exercise. The experimental data presented condense the articular cartilage due to 
the fact that the literature review identified a wide number of unsolved problems and 
unanswered questions related to the cartilage tissue response to dynamic mechanical loading 
in sports and the tissue potential for morphological and functional adaptation. 
  
IMPACT LOADING: Impact loading in sports is obviously related to running or landings and 
often discussed in relation to the mechanics of athletic shoes or playing surfaces cushioning. 
The ground reaction forces recorded during heel-toe running have a characteristic pattern that 
scales with body mass and running speed (e.g. Hamill et al, 1983). Nigg (1997) first described 
the two distinct peaks as “passive” and “active” phases. The “passive” phase reflects the initial 
impact between the body and the ground. The impact forces’ characteristics (e.g. amplitude, 
loading rate) are strongly determined by the initial conditions of impact which means by the 
initial body’s kinetic energy or the velocity of the landing body segment and the system’s 
stiffness. The stiffness of the landing body (e.g. leg stiffness) is strongly related to muscle 
activation and co-contraction prior to the foot landing. The impact forces are described as the 
forces resulting from the collision of the foot (or even the heel) with the ground, reaching their 
maximum (impact peak) earlier than 50 ms after the first ground contact with the foot (Nigg, 
2001). If the ground reaction forces during impact are simplified as sinusoidal waveforms, their 
frequency content is generally between 10-20 Hz and increasing with running or landing speed. 
The active phase reflects the propulsive forces applied by the musculo-skeletal system and is 
strongly related to muscle forces. When considering the ground reaction forces in human 
locomotion, physical activity and sports many of such activities are related to force time 
histories which have only few contribution of high frequency components >12 Hz (Shorten, 
2002). Such activities with a valuable contribution of high frequency components are related to 
extreme initial energy from a fast run-up (e.g. long jump or triple jump) or from a landing from a 
height (e.g. landing from a dismount in gymnastics or landing from a jump in basketball). The 
majority of dynamic human performances in sports and physical activity compose mainly 
dominant ground reaction force in a frequency spectrum of 2.5 to 5 Hz. Vertical ground reaction 
forces in take off in gymnastic tumbling which is used in the literature as a typical impact related 
sport (e.g. Grimston & Zernicke, 1993) is characterised by a signal frequency of 4 to ≤5 Hz 
(Brüggemann & Krahl, 2000),  and most of the activities in games sports show a signal 
frequency of the ground reaction forces which contributes mainly frequencies of ≤5 Hz. 
Therefore the majority of activities which are use in the literature related to tissue response to 
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