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ABSTRACT

It is well known that mechanical loading imposed on a bone is important for bone development. Therefore, one of the most effective osteoporosis prevention strategies is by adopting weight-bearing physical activity. Martial arts such as judo, silat, karate, taekwondo and kickboxing are getting popular in recent years. It is generally known that bone’s optimum response and adaptation to
an applied load or strain during exercise are dependent on many factors, such as characteristics of the strain, i.e. static versus dynamic
strain, strain magnitude, strain rate, strain frequency or duration, and distribution of the strain stimulus. It has been reported that
martial arts are physical activities which can impose loads on the bone with their high and unusual distributed strains and subsequently increase bone health status of an individual. This article discusses the relationship between bone health and physical activity,
types and characteristics of martial arts, and effects of various types of martial arts on bone health in young and older population.
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BONE HEALTH AND PHYSICAL ACTIVITY

Bone is a metabolically active tissue that undergoes a continuous
remodelling throughout its life cycle. The endogenic factors which
can influence the accumulation of bone mineral in humans are heredity, ethnicity, gender and endocrine status. Meanwhile, the exogenic factors are nutrition and physical activity.1,2
Peak bone mass is attained during the second and third
decades of life. Sports participation can lead to adaptive changes
that improve bone architecture through increased density and enhanced geometric properties.3 Hara et al4 suggested that physical
activities are the strongest determinant of high peak bone mass
in young adults at pre-puberty and puberty. Furthermore, physical
activity begun during the teenage years could also be useful for
preventing osteoporosis and improving future quality of life of an
individual.
It has been reported that weight-bearing sport activities

are associated with a high bone mass in the lumbar spine, hip, femur, proximal tibia, and calcaneus.5,6 It has also been reported that
different types of physical activity create different strain demands
on the skeletal bones.6,7 In addition, Lanyon8 mentioned that mechanical loading imposes on a specific bone site should produce
high strains in unusual patterns during short periods with high repetition for obtaining the greatest osteogenic effect.
According to Haapasalo et al9 loading exercises enhance
bone mass, and it is necessary to have more weight on bones than
common weights that occur in daily life. The osteogenic responses
on the skeleton are specific to the region of mechanical stress, and
the responses can be triggered by exercises.Exercise can increase
the rate of osteogenesis and subsequently increase bone mineral
density (BMD).
Robling et al10 stated that optimum response and adaptation of bone to an applied load or strain during exercise depends
on many factors, which are characteristics of the strain, i.e. static
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versus dynamic strain, strain magnitude, strain rate, strain frequency
or duration, and distribution of the strain stimulus. In addition,
high impact dynamic loading activities, which involve high bone
strain magnitude, rate, and with short duration of repeated bone
loading and/or versatile strain distribution can provide large osteogenic stimulus in humans.6 Uneven distribution of the strain seems
to have a higher potential for increasing osteogenesis.5,11 Moreover,
the adaptive response of bone decreases after a few loading cycles.12
INTRODUCTION OF MARTIAL ARTS
In ancient times, martial arts were practiced for self-defence, however, nowadays they are practiced for improvement in physical fitness level as well.13 According to Bu et al14, there are about 200
distinct disciplines of martial arts, and different facets of disciplines make them unique and special. All these disciplines share a
common goal, i.e. to defend oneself from physical threat. Nowadays, martial arts are studied for various reasons, including ﬁtness
and self-defence enhancement, mental discipline, character development, and as a complementary or alternative therapy for some
medical conditions.15 Martial arts is popular in many cohorts in
terms of health promotion. For example, elderly persons can gain
health beneﬁts by performing tai chi exercise.16,17
Traditional styles of martial arts can be classified as either
“soft” or “hard”. The ‘soft’ martial arts are based on redirecting
the opponent’s energy or attack and less powerful in punching and
kicking actions, whereas the ‘hard’ martial arts are based on using
blocks and punches that can crush bones or body parts of an enemy. Hard martial arts deliver significantly more powerful strikes
and rigid stances.18
The term martial art is often used to describe many of
the combat arts that have been developed in eastern cultures, and
most of the martial arts practiced in the United States are those
that originated or evolved in China, Korea, and Japan.14 The martial arts of ‘wushu’ which originated in China include kungfu and
tai chi chuan. Japanese martial arts include aikido, karate, sumo and
judo. Taekwondo which was developed in Korea is a popular martial art nowadays, perhaps the most prevalent of the martial arts in
the United States. Many other forms of martial arts have evolved
throughout the world, such as silat (Malaysia), Muay Thai (Thailand), Pencak silat (Indonesia), Bando (Burma), Copoiera (Brazil)
and Kahli (Philippines).14
EFFECTS OF MARTIAL ARTS ON BONE HEALTH
In a study conducted by Shin et al19 which determined the effects
of taekwondo training on the bone health status of high school
female students with aged 13 to 17-years old in Korea, it was found
that the average BMD in the taekwondo group was significantly
greater than the sedentary control group for all lumbar spine regions. It was approximately 15% higher in the lumbar spine and
17% higher in the femoral neck, which identified that taekwondo
could improve bone health. Therefore, the authors mentioned that
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intermittent taekwondo activity as weight-bearing exercise should
be recommended to increase BMD in adolescent females during
growth. In addition, the authors also mentioned that their study
findings support the concept that high strain rates and high peak
stresses are more effective in enhancing bone formation than a
large number of low-force repetitions.
Kim et al20 carried out a study to determine the effects
of judo practice on the bone health status of high school male
students with mean age of 17.2-years old in Korea. In this previous study, the boys who had engaged in judo practice had greater
BMD in their lumbar, femur, and wrist regions when compared
with their non-active subjects. According to the results of this
study, the BMD was approximately 22.7% higher in the lumbar
spine, 24.5% higher in the femur and 18.3% higher in the forearm
of judo players when compared to sedentary control group. The
authors mentioned that judo involves both high intensity and high
strain rates, which strongly stimulate bone formation. Specifically,
unusual strain distribution and versatile loading patterns, both are
involved in the practice of judo for promoting bone mineralization
with greater effects compared to exercises involve regular loading patterns. Therefore, the authors suggested that judo activity is
strongly recommended to improve bone health and prevent osteopenia in young Korean males.
A previous study has been carried out by Ito et al21 to
investigate the relationship between martial art practice of judo,
karate and kungfu with bone mineral density in adolescents with
age between 11 to 17-years-old in both sexes. Their study showed
that adolescents engaged in judo practice exhibited higher values
of BMD in the arms compared to karate and kungfu participants.
The authors also mentioned that muscle mass and biological maturation have been verified as important factors in bone mass and
geometry gain.
A recent study conducted by Norsuriani and Ooi22 examined bone health status of Malay adolescent female silat and
taekwondo practitioners with age ranged from 15 to 19-years-old.
They found that there were no significant differences in quantitative ultrasound measurement of the bone speed of sound (SOS)
of dominant and non-dominant arms and legs of young females
among sedentary control, silat and taekwondo groups. In this
study, the average age of the participants was 17-years-old, all the
participants were Malay females, and their average duration of involvement in martial arts was 2 to 3-years. It is speculated that
differences in gender, age, ethnicity, duration of involvement in
martial art training may have caused the inconsistent results of this
study compared to the aforementioned previous studies.
Drozdzowska et al23 examined skeletal status assessed by
quantitative ultrasound measurement (QUS) at the hand phalanges
in 226 karate male practitioners between 7 to 61-years of age, who
had been training karate for at least 6-months. The results showed
that there were significant differences in bone mineral density of
karate athletes compared with control subjects. The authors mentioned that longer duration, higher frequency, and early involve-
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ment in physical training positively influenced the skeletal status.
They concluded that karate is a sport which can elicit a positive
influence on the skeletal status, with the most significant benefits
occurring in adults.
Andreoli et al24 investigated the effects of different sports
including martial arts on bone density and muscle mass in highly trained athletes. In their study, participants consisted of judo
(n=21), karate (n=14), and water polo (n=24) men athletes with
age ranged between 18 to 25-years-old who competed at national
and international levels, and age-matched non-athletic individuals
were served as the control group. Their study found that athletes
had significantly greater BMD than the non-athletes of similar age
and in particular, the judo athletes, who practicing a high-intensity
weight-bearing sport, had higher values of BMD compared to other athletes. Therefore, the authors highlighted that physical activity appears to have a beneficial effect on bone mass, with greater
mechanical loading appears to result in a greater bone mass, and
these appeared to be a site-specific skeletal response to the type of
loading at each BMD site.
Agostinete et al25 investigated the effect of karate, judo,
soccer and basketball on bone mineral density (BMD) accrual
among male adolescents with age ranged from 11 to 17-yearsold. In this previous study, it was observed that karate and judo
groups exhibited higher BMD than soccer, basketball and control
groups. Their ﬁndings are consistent with results of previous studies26,27 which showed that impact sports could enhance bone health
among adolescents. The authors mentioned that it is an indicator
of responsive loaded sites to the signiﬁcant amount of mechanical
loads induced by martial arts training. The authors also mentioned
that during punching, kicking, blocking and striking in martial arts,
loading bones are under tensile, compressive, shear, bending, and
torsional stress, which produces high strain stimulus for eliciting
beneficial effects on bone.
A study was conducted by Platen et al28 to determine bone
mineral density in top-level male athletes of different sports, i.e.
athletics, cycling, team sport, judo and wrestling. The participants
of this study aged between 18 to 31-years. Among 173 athletes participants, 104 were athletes of runners (n=21), cyclists(n=12), triathletes (n=18), heavy athletes such as judo and wrestling (n=28),
and team sport athletes (handball, soccer, basketball, volleyball,
n=25); 44 were not specifically trained sport students and 25 were
untrained controls. This previous study found that at most sites,
BMD was highest in heavy athletes (judo and wrestling) followed
by athletes in team sports and sports students, and lowest in cyclists
and untrained controls. An explanation for these results is that the
strain imposed on bone is mainly determined by mechanical forces,
and dynamic forces depend on the body mass and acceleration.
In judo and wrestling, movements correspond to high maximal
muscular strength and power. Besides forces induced by muscular
activation, high accelerations and therefore high forces, as well as
varied patterns of strain, occur when falling in judo and wrestling.
Furthermore, special strength training with heavy weights is a typical and regular training method in these sports. Therefore, high
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bone formation rate can be expected by involvement in judo and
wrestling.
Soo bahk do (SBD; also known as tang soo do) emphasises a combination of hard styles of karate and tae kwon do with
the soft style of the Chinese martial arts. Their system of action
and the characteristic use of bare hands and feet as striking weapons are different from other martial art systems. A study carried
out by Douris et al29 examined fitness levels of middle-aged martial
art practitioners in both genders from 40 to 60-years of age. The
study found that the SBD practitioners were higher in bone health
status compared to sedentary participants. The authors mentioned
that SBD can be considered an excellent form of exercise for the
promotion of fitness in middle-aged population.
Ving T sun (VT) is a traditional Chinese martial art that
has the potential to be developed into a new form of healthmaintenance exercise to prevent bone loss in the elderly. Fong et
al30 compared bone strength, lower limb muscular strength, functional balance performance, and balance self-efficacy between VT
martial art practitioners and non-practitioners with mean age of
62.7- years-old in both sexes. In their study, it was found those VTtrained older adults had the significantly higher bone strength than
the control group. VT training includes many striking movements
using the forearms, for example, sandbag workouts, sticking-hand
exercises, and wooden dummy training, and therefore the authors
concluded that these movements repetitively load the forearm
bones including the radius with high impact forces, resulting in
remodeling and strengthening of these bones to withstand the external loads or stress.
Tai Chi is a traditional Chinese mind-body exercise and
benefits on health outcome, particularly middle-aged and elderly
people. A study conducted by Hui et al31 which determined the effects of Tai chi on bone mineral density (BMD) in both genders of
Chinese adults with aged from 36 to 60-years-old. The study found
that there was no significant change in BMD of both groups, i.e.
Tai Chi and control groups. These authors concluded that shortterm Tai Chi exercise, e.g., 12-weeks may not provide sufficient
training stimulation in improving bone health, and may can only
be acted as a protective factor for bone loss in older population.
CONCLUSION

Previously published research studies on martial arts mentioned in
this article provide evidence that involvement in training and competition of martial arts such as taekwondo, judo, karate, wrestling,
soo bahk do, Ving T sun and Tai Chi could elicit beneficial effects
on bone health in young and older population. Thus, it can be concluded that engagement in martial arts is one of the effective ways
to enhance bone health.
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