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ABSTRACT: Bone mineralization is strongly stimulated by weight-bearing exercise during growth and development.
Judo, an Olympic combat sport, is a well-known form of strenuous and weight-bearing physical activity. Therefore,
the primary goal of this study was to determine the effects of Judo practice on the bone health of male high
school students in Korea. The secondary goal of this study was to measure and compare the bone mineral
density (BMD) of the hands of Judo players and sedentary control subjects. Thirty Judo players (JDP) and 30
sedentary high school boys (CON) voluntarily participated in the present study, and all of the sedentary control
subjects were individually matched to the Judo players by body weight. BMD was determined by using dual-
energy X-ray absorptiometry (Hologic, Bedford, MA, USA). The lumbar spine, femur and forearm BMD in
the JDP group were significantly greater by 22.7%, 24.5%, and 18.3%, respectively, than those in the CON
group. In addition, a significant difference in the CON group was observed between the dominant hand (DH)
radius (0.710 = 0.074 g/cm2) and the non-dominant hand (NDH) radius (0.683 +0.072 g/cm2), but this was
not observed in the JDP group (DH = 0.819 =+ 0.055 g/cm2; NDH = 810 =+ 0.066 g/cm2) (P < 0.05). Therefore,
the results of this study suggest that Judo practice during the growth period significantly improves bone health
in high school male students. In addition, it seems that Judo practice could eliminate the effect of increased
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INTRODUCTIOIN |

A decrease in physical activity may lead to an increased loss of bone
mineralization, and the increasing incidence of bone fractures is
a major modern medical problem [6,30]. Attaining maximal peak
bone mass during the growth period, as well as minimizing bone
mineral loss due to aging, is an important strategy for the prevention
of osteoporosis and bone fractures. The greatest accumulation of
bone mass occurs during the first and second decades of life, and
bone mass peaks around the age of 20 years [27]. Therefore,
the first two decades of life may play an important role in preventing
fractures and enhancing lifetime bone health.

In previous studies, skeletal loads including dynamic loads, high
magnitude loads, high frequency loads, fast loads and loads with
unusually distributed strains have been shown to constitute the most
pronounced osteogenic stimuli [24,28]. Judo, Taekwondo, Tai-Chi
and Karate, which are all forms of martial art that are also consid-
ered to be a form of strenuous physical activity and weight-bearing
exercise, have been reported to stimulate the osteogenic process
and improve bone health [1,23,26]. Longitudinal training studies
have also indicated that strength training and high-impact endurance

training increase bone density [2,21]. However, few investigators
have evaluated the effects of Judo activity on bone health.

As an Olympic combat sport, Judo involves both high intensity
and high strain rates, which strongly stimulate bone formation.
Specifically, unusual strain distribution and versatile loading pat-
terns, which are both involved in the practice of Judo, promote
increased bone mineralization more than exercises that involve
regular loading patterns [7]. Both BMC and BMD in Judo players
have been reported to be significantly higher compared to those in
sedentary control subjects [1,22]. Thus, Judo may have optimal
osteogenic potential in both upper and lower extremities as spe-
cific strain-related variables are integrated into the dynamic loading
conditions of Judo. The BMD in the arm region of Judo players has
been reported to be significantly greater than that of sedentary
control subjects [1]. However, in this study, the effect of hand
dominance was not separately determined in Judo players and
sedentary controls even though it is reported that a side-to-side
difference of BMD of the hand is normally observed in sedentary
subjects [8,15,29,32].
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Hand dominance along with associated unilateral loading, such
as in tennis players, results in greater bone mineral content, bone
mineral density and bone area in the upper extremity of the dominant
hand [5,25]. Differential increase in bone mass between lower ex-
tremities can also be observed in specific training [29,32]. It is
generally agreed that side-to-side differences of bone mass measure-
ments in sedentary subjects are usually lower than in athletes
[8,15,29,32]. In sedentary subjects, the side-to-side differences
between the upper extremities can vary up to 6.4% for BMC and up
to 4.6% for BMD, although the extent of these side-to-side differ-
ences varies among sub-regions of the extremity [8,15]. The side-
to-side differences in BMC and BMD measurements between lower
extremities were not detected in the literature [29,32] with the ex-
ception of one report that showed that hip BMD was 8.1% greater
on the dominant side than the non-dominant side [10]. However,
it is necessary to examine side-to-side difference in BMD of Judo
players since both hands are equally involved in Judo training.

Therefore, the primary goal of this study was to determine
the effects of Judo training on bone health in Korean male high school
students. The secondary goal of this study was to test the hypoth-
esis that BMD of the forearm is greater in the extremity that corre-
sponds to the side of the dominant hand. The information gained
from this study will allow researchers and clinicians to better under-
stand the effects of Judo training on male bone health.

MATERIALS AND METHODS I
Subjects. The study subjects were male high school students in
Daegu, Korea. Thirty boys who had undergone between 3 and
10 years in Judo training (JDP) participated in this study, and
30 sedentary boys who had not experienced any extra-curriculum
activities in school or home served as control subjects (CON). None
of the participants had notable medical problems. Written informed
consent was obtained from all of the subjects. This study was ap-
proved by the Ethics Committee of the Kyungpook National Univer-
sity. Table 1 presents all of the participant characteristics.

Bone mass measurements

We conducted the health examinations for this study in the Spring
of 2012. The forearm, lumbar and femoral BMD were measured
using dual-energy X-ray absorptiometry (Hologic, Bedford, MA, USA).

TABLE 1. SUBJECT CHARACTERISTICS

CON JDP
Chronological Age (yr) 17.2+1.2 17.2+0.6
Height (cm) 175.0 £3.3 1745 £3.9
Body weight (kg) 725 +4.6 75.8 £4.3
Exercise Career (yr) - 5.7 £2.5
BMI (kg-m) 23.7+1.7 249+1.7
Exercise Volume (hr-weeks™) - 10.5£1.5

Note: Data are shown as mean+SD. Sedentary high school boys,
CON; Judo players, JDP. Body Mass Index, BMI
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Measurement precision, which is expressed as the coefficient of
variation (CV), of the BMD measurements was 1.26% for the ulna,
1.73% for the radius, 0.89% for the lumbar spine and 1.97% for
the femur.

Statistical analysis

Data are expressed as mean + SE. Two-way repeated measures
analysis of variance (ANOVA) was used to test the mean difference
between the dominant and non-dominant hands. The sphericity
assumption was justified by using the paired t-test within subjects,
and the independent t-test between groups was also performed.
P values less than 0.05 were considered to be statistically significant.

RESULT S 1
BMD in the lumbar spine. Figure 2 shows that the JDP group
(1.374+0.129 g-cm™) had a total lumbar spine BMD that was
significantly greater than that of the CON group (1.119+0.096 g-cm ?,
P < 0.001). The average BMD values of all of the lumbar spine
regions in the JDP group were significantly higher than in the CON
group (P < 0.001) (Table 2).

BMD in the femur
Figure 2 shows that the JDP group (right: 1.340+0.117, left:
1.346 +0.102 g-cm™) had significantly greater total femur BMD
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FIG. I. BMD OF THE LUMBAR SPINE

Note: Sedentary high school boys, CON; Judo players, JDP. Data are shown
as mean = SD. ***P < 0.001 versus CON.

TABLE 2. BONE MINERAL DENSITY OF THE LUMBAR
SPINE (g-cm?)

CON JDP
L1 1.039+0.124 1.263+0.081***
L2 1.111£0.144 1.390+0.100***
L3 1.159+0.134 1.425+0.104**
L4 1.153+£0.129 1.139+0.126™*

Note: Data are shown as mean=SD. Sedentary high school
boys, CON; Judo players, JDP. Lumbar 1, L1; Lumbar 2, L2; Lumbar 3,
L3; Lumbar 4, L4. ***P < 0.001 versus CON
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than the CON group (right: 1.074 £0.115, left:
1.084+0.114 g-cm 2, P < 0.001). The average BMD of the
femur regions of the JDP group was significantly higher than in
the CON group (P <0.001)(Table 3). However, the BMD values of
the right and left femurs in the CON and the JDP groups were not
significantly different.

BMD in the forearm

Figure 3 shows that the JDP group (dominant hand forearm total
[DHFATI: 0.816 +0.057, non-dominant hand forearm total [NDH-
FAT]: 0.807 = 0.065 g-cm™) had a significantly higher total forearm
BMD than the CON group (DHFAT: 0.701 +0.057, NDHFAT:
0.671+0.065 g-cm?, P < 0.001). The average BMD values of
the radius and ulna regions of the JDP group were also signifi-
cantly greater than in the CON group (P < 0.001) (Table 4).
The total BMD of the forearm and ulna in the CON group was not
significantly different between the dominant hand and the non-
dominant hand, but the average BMD of the radius was signifi-
cantly lower in the non-dominant hand than in the dominant hand
(P < 0.05). However, the BMD of the forearm in the JDP group
was not statistically different between the non-dominant hand and
the dominant hand.
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FIG. 2. BMD OF THE FEMUR

Note: Sedentary high school boys, CON; Judo players, JDP. Right femur total,
RFT; Left femur total, LFT. Data are shown as mean +SD. ***P < 0.001
versus CON

TABLE 3. BONE MINERAL DENSITY OF THE FEMUR (g-cm)

CON JDP

Right 1.086+0.118 1.334+0.106***
Neck

Left 1.089+0.116 1.374+0.141***

Right 0.980+0.141 1.333+0.125***
Wards

Left 0.984+0.140 1.350+0.173***

Right 0.882+0.112 1.130+0.101***
Troch

Left 0.893+0.114 1.147 £0.104***

Note: Data are shown as mean = SD. Sedentary high school boys, CON;
Judo players, JDP. ***P < 0.001 versus CON

DISCUSSION
Weight-bearing exercise has been shown to improve bone health
when performed during the adolescent period [18,9]. Several stud-
ies have demonstrated an association between vigorous exercise and
BMD at various body sites [17,20,19]. It has been suggested that
vigorous physical activity affects the skeleton, BMC and BMD in
an anabolic manner [11]. However, high-school boys who currently
attend school in Korea are subjected to a few daily vigorous physical
activities as they focus instead on preparation for the Korea Univer-
sity Entrance Examination, and this lack of activity may have
an influence on their bone formation. Eight of our sedentary subjects
who were randomly selected for this study were borderline for osteo-
penia (data not shown). In the current 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 peers, because
they have practised Judo for 3 to 10 years (average = 5.7+/-2.5
years). In addition, no side-to-side difference in BMD of the wrist
region was found at the distal radius of Judo players, but an ap-
proximate 3.8% difference did exist in the control subjects.
According to the results of this study, the BMD was approxi-
mately 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
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FIG. 3. BMD OF THE LUMBAR SPINE

Note: Sedentary high school boys, CON; Judo players, JDP. Dominant hand
forearm total, DHFAT; Non-dominant hand forearm total, NDHFAT. Data are
shown as mean = SD. ***P < 0.001 versus CON

NDHFATr

TABLE 4. BONE MINERAL DENSITY OF THE FOREARM (g-cm™)

CON JDP
Ul DN 0.690+0.068 0.812+0.069***
na
NDH 0.654+0.059 0.804+0.071***
DH 0.710+£0.074 0.819+0.055***
Radius
NDN 0.683+0.072* 0.810+0.066***

Note: Data are shown as mean = SD. Sedentary high school boys, CON;
Judo players, JDP. Dominant hand, DH; Non-dominant hand, NDH.
***P < (0.001 versus CON. *p < 0.05 versus DH
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the sedentary controls. The mechanical load required to stimulate
osteogenesis decreases as the strain magnitude and frequency in-
crease [4,12]. The osteogenic response to high magnitude loading
saturates after a few loading cycles, after which additional loading
has limited benefits [17]. Thus, high intensity sports, such as squash,
tennis, soccer, ice hockey, badminton, volleyball and weight-lifting,
are most effective when performed periodically, at different times
throughout the week, if the aim is to improve skeletal strength [17].
Based on the results of these studies and the present study,
we strongly recommend intermittent Judo activity to increase BMD
in high-school-aged boys.

Fracture frequency is generally related to bone mass [311].
The higher fracture rates of the non-dominant forearm that have been
reported in epidemiological studies [3] may be explained in part by
lower bone mass since the BMC is lower in the non-dominant extrem-
ity compared to that of the dominant forearm. BMC is 25-35%
higher in the dominant arms of professional tennis players compared
to the non-dominant arms [141]. Furthermore, life-long tennis players
aged 70-84 years exhibited 4-7% higher BMC in their dominant
forearm compared to their non-dominant forearm [13]. Both male
and female gymnasts, soccer players, weight-lifters and ballet danc-
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ers are reported to have 10-25% higher BMCs than non-exercising
controls [18,9,17,161. In the current study, the BMD difference was
18.3% between the JDP and CON group. Also, a 3.8% difference
in BMD existed between the distal radii of the two hands of
the sedentary controls, but this was not observed in the Judo players.
Thus, we suggest that this difference between the two hands of
the sedentary controls may partially explain the higher fracture rates
of the non-dominant hand.

CONCLUSION S /5
In summary, Judo practice significantly enhances bone health dur-
ing the growth period of adolescent males. The BMD between the
dominant and non-dominant hands was not significantly different
in Judo players, but there was an approximate 3.8% difference in
BMD when side-to-side hand comparisons were performed in the
sedentary controls. Therefore, Judo activity is strongly recom-
mended to improve bone health and prevent osteopenia in young
Korean males. Additional well-designed investigations of the rela-
tionship between Judo activity and bone health across age groups
and gender are warranted.
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