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The purpose of this study was to clarify the relationship between the physique and bone strength 
of tibia in 19 junior high school male soccer players. The bone strength was measured by the speed of 
sound of the tibia (t-SOS, m/sec) using a SoundScan 2000 Compact (Myriad Ultrasound System Ltd., 
Israel). We enrolled 45 junior high school boys who did not exercise other than physical education 
classes as a control group. There were no signifi cant differences between the soccer players and the 
control group in the height, body weight and calcium intake from dairy products. The length of tibia 
in the soccer players (40.5±1.9 cm) was signifi cantly longer than in the control group (38.4±2.2 cm) 
(p < 0.05). The length of tibia / height in the soccer players (24.8±0.9 %) was significantly higher 
than in the control group (23.9±1.1 %) (p < 0.05). t-SOS in the soccer players (3720±71 m/sec) 
was signifi cantly lower than in the control group (3778±113 m/sec) (p < 0.05). The value of t-SOS 
demonstrated a positive correlation with calcium intake from dairy products in the soccer players (r 
= 0.63 p < 0.05).

These results suggest the possibility that the lower t-SOS values in the junior high school soccer 
players were affected by the longer length of tibia. Therefore, instruction for soccer players should 
refl ect an understanding of these physical features. It is speculated that the effects of calcium intake 
on bone formation are greater in the soccer players than in the non-players. The optimal amount of 
calcium to be taken should be determined according to individual amount of physical activity.
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Relationships between physique and bone strength of tibia 
in junior high school soccer players

1. Introduction

Puberty is the spurt phase of physical development in 
which longitudinal growth of bone and bone mass and 
strength rapidly increase (Boot et al., 1997; Kaga et al., 
1999). Bone formation is promoted by physique, exercise, 
and nutrition (Slemenda et al., 1994; Merrilees et al., 
2000) and determined by the interaction these factors. In 
fact, physique and bone formation are related to weight 
(Kardinaal, 2000) and weight load stimulates bone growth 
and enhances the acquisition of mass and strength. In 
addition, it has been reported that the greater the number 
of steps taken by male junior high school students per 
day, the greater bone strength becomes (Matsueda et al., 

2001), and that individuals involved in sports activities 
that have enough load show high bone mass (Nichols et 
al., 1995). Therefore, physique and exercise are important 
factors that influence on the acquisition of bone mass and 
strength. 

Average height and weight, both factors in physique, 
of junior high school students now are higher than those 
of 25 to 30 years ago (Ministry of Education, Culture, 
Sports, Science and Technology, 2008). Furthermore, the 
frequency of exercise of male junior high school students 
in 2000 has increased compared to 1970 (Kaga et al., 
2004). In other words, students have become larger and 
are actively engaged in exercise. In Japan, children in 
their teens are more involved in soccer than any other 
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sport (Sasakawa Sports Foundation, 2010). It has been 
reported that bone mineral density in the lumbar spine 
and calcaneal bone of soccer players is higher than in non-
exercise control group (Madic et al., 2010; Fredericson et 
al., 2007). However, these reports are often based on the 
measurement of regions whose cancellous bone ratio is 
high. There is a lack of research that measures strength 
of tibia, which are high in cortical bone that supports the 
load of body weight and physical exercise. There is also 
a lack of research examining the relationship between 
physique and strength of tibia in soccer players. Therefore, 
an examination of the relationship between physique and 
exercise, and acquisition of bone mass and strength in 
soccer players in their physical growth and development 
phase are significant is considered an effective means of 
acquiring new findings that contribute to the promotion 
of sound growth in children.

This sutdy aimed to clarify the relationship between 
physique and strength of tibia in junior high school soccer 
players using the speed of sound of tibia as an index.

2. Methods

2.1. Subjects

Subjects were 19 male junior high school soccer players 
(hereinafter referred to as soccer players). Information on 
average number of activities per week, average hours used 
per activity, and years of playing soccer was obtained 
through individual interview. Results revealed that the 
average hours of activity per week was 14.6±3.8 hours/ 
week (average value±SD), and the average number of 
practice sessions was 6.5±0.4 times/ week. The average 
of years playing soccer was 7.1±1.6 years. The average 
age of the soccer players was 14.4±0.6 years. Meanwhile, 
The control group consisted of 45 male students enrolled 
at T. Junior High School in O. city, who participated in 
no regular sports activities except for gymnastics classes 
required by the school curriculum. The average age of 
the control group was 14.4±0.4 years. The purpose and 
method of this study were explained to subjects and their 
consent for participation in the study was obtained before 
measurements and investigations were carried out.

2.2. Measurements

1) Strength of tibia
In this study, the speed of sound of tibia (hereinafter 

referred to as t-SOS m/sec) was measured by 
SoundScan2000Compact (Myriad Ultrasound System 
Ltd., Israel). The measurement was performed at the exact 
half point on the anterior surface of the tibia (from the 
proximal to the distal end of the medial malleolus), moving 
the measurement probe in the horizontal direction to set 
the t-SOS value (m/ sec.) as the maximum speed of the 
ultrasonic pulse passing through the cortical lamina. This 
method is mobile and poses no risk of radiation exposure.
The amount of time required for measurement is as short 
as 3-5 minutes per subject. The coefficient of variation 
(CV) in the three measurements (measured twice on the 
same day and once on a different day) for adults was 
0.24 % and the CV in five measurements on the same 
day for Japanese elementary school students was 0.37 
%. Therefore, it is suitable for bone strength assessment 
and bone metabolic disorder screening for children and 
adolescents. (Kaga et al., 1998; Foldes et al., 1995).
2) Physique

Height, weight, and length of tibia were measured. The 
length of tibia were measured in subjects from the rough 
surface on the upper end of the tibia to the lower end of 
medial malleolus based on palpation of the front of the tibia 
of seated subjects with the knee joint angle at 90 degrees. 
All measurements were performed by the same person. 
For comparison of bone development processes, the ratio 
of tibial length to height (%) was used as an index.
3) Calcium intake from milk and other dairy products

Using the calcium intake from milk and other dairy 
products as an index, we surveyed the weekly intake of 
milk and other dairy products through direct interview. 
Based on the Standard Tables of Food Composition in 
Japan, calcium intake from 200cc of milk was set as 200mg 
and calcium intake from one portion of dairy products, 
such as a slice of cheese (20 g) or a cup of yogurt (120 
g), as 130mg. (Ministry of Education, Culture, Sports, 
Science and Technology, 2005).

2.3. Statistical processing

Stat View 5.0 was used as the statistical software 
and t-test was used for the comparison between the 
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soccer players and control group. The level of statistical 
significance was set at less than 5%.

3. Results

3.1. Physical characteristics

The results of the physical characteristics are shown 
in Figure 1 to 4. There were no significant differences in 
height and weight between the soccer players (163.3±7.3 

cm/ 51.1±7.9 kg) and the control group (160.9±6.7 
cm/ 51.5±9.5 kg). According to nation statistics, the 
average height of junior high school 1st year students is 
152.5±8.06 cm, 2nd year students is 159.7±7.75 cm, and 
3rd year students is 165.2±6.73 cm. The average weight 
of junior high school 1st year students is 44.2±9.92 kg, 
2nd year students is 49.1±10.18 kg, and 3rd year students is 
54.3±10.18 kg (Ministry of Education, Culture, Sports, 
Science and Technology, 2010). It was confirmed that 
the height and weight of both the soccer players and 

Figure 2. Comparison of weight
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the control group in this study were within the national 
average for 2nd and 3rd year students. The length of tibia 
in soccer players (40.5±1.9 cm) was significantly longer 
than that in the control group (38.4±2.2) (t (62) = 3,400, 
p < 0.05). The ratio of tibial length to height in soccer 
players (24.8±0.9%) was significantly higher than that in 
the control group (23.9±1.1 %) (t (62) = 3.016, p < 0.05).

3.2. Strength of tibia

The results of t-SOS are shown in Figure 5. The soccer 
players (3720±71 m/ sec.) showed significantly lower 
values than control group (3778±113 m/ sec.) (t (62) = 
2.069, p < 0.05). Table 1 shows the correlation coefficient 
between t-SOS and measurement items by group. As a 
whole, t-SOS and weight showed weak positive correlation 
(r = 0.38, p < 0.05). In the control group, t-SOS and weight 
showed weak positive correlation (r = 0.39, p < 0.05). 
No correlation was observed between t-SOS and height, 
length of tibia, and ratio of tibial length to height.
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Figure 5. Comparison of t-SOS

Table 1. Correlation between t-SOS  and measurement items by group

TTotal
(n=64)

Soccer Players
(n=19)

Control Group
(n=45)

Height 0.13 0.11 0.21

Weight 0.38* 0.39 0.39*

-0.06 -0.08 0.07

-0.19 -0.25 -0.09

Calcium
Intake

0.20 0.63* 0.17

t-SOS
Measurement

Items

Length of tibiaLength of tibia

Length of tibiaLength of tibia
/ height/ height
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3.3. Calcium intake from milk and other dairy 
products

There was no significant difference in the calcium 
intake from milk and other dairy products between soccer 
players (3753±1787 mg/ week) and the control group 
(3108±2185 mg/ week). Table 1 shows the correlation 
coefficient between t-SOS and calcium intake from milk 
and other dairy products by group. In soccer players, 
t-SOS and calcium intake from milk and other dairy 
products showed a slightly strong correlation (r = 0.63, p 
< 0.05). However, in the control group, no correlation was 
observed between t-SOS and calcium intake from milk 
and other dairy products.

4. Discussion

Kaga et al., (1999) have reported age-related change 
in the t-SOS of Japanese children and adolescents. 
According to the report, male students reach peak height 
velocity (PHV) at 13 years of age and rapid increase of 
tibial strength at 14 years of age. The soccer players and 
control group in this study are considered to be in the 
stage of rapid increase of tibial strength after PHV. It has 
been reported that bone mineral density in individuals 
who play soccer is higher than control group not engaged 
in physical exercise (Kalai et al., 2007). However, certain 
physique factors in soccer players were revealed in this 
study, including longer tibia and higher ratio of tibial 
length to height compared with the control group, and 
significantly lower t-SOS values in the soccer players 
than in the control group. Furthermore, this study did not 
show significant differences in calcium intake from milk 
and other dairy products between the soccer players and 
the control group. This indicates that the nutrition factor 
had a small influence on the comparison of t-SOS values 
in these two groups.

In regard to longitudinal growth of bone, it was reported 
that mice that were engaged in appropriate exercise 
showed significantly longer tibia compared with non-
exercise control group (Plochocki et al., 2008), suggesting 
that appropriate exercise promotes longitudinal growth of 
bone. Hormone is considered one of the important factors in 
bone development, and exercise accelerates the production 
of growth hormone (Roth et al., 1963). According to Soya 
(1997), rats engaged in running exercise, which exerts a 

sufficient effect on bone and muscle development, showed 
an increase in growth hormone production, which means 
that growth hormone acts on both bone and muscle in the 
growing stage and contributes to the interactive promotion 
of growth, including the promotion of bone development. 
In other words, the subjects of this study were engaged in 
sports activity which promoted the production of growth 
hormone and led to the longitudinal growth of bone. In 
addition, long bones first grow longitudinal derection, 
then in width increasing density (Garn, 1972). In regard 
to the relationship between sports and bone formation 
in the growing stage, participants in sports activities 
performed on-land, in which the full effect of gravity is 
experienced, showed higher bone density and strength 
values than sports that reduce load in water (Risser, 1990; 
Okano et al., 2003). Furthermore, in this study, only a 
weak correlation between weight and t-SOS was found. In 
other words, weight itself did not affect load significantly, 
however, the load in on-land sports activity associated 
with movement was thought to exert effect on strength of 
tibia. Therefore, soccer players in this study are considered 
to apply significant stress on the tibia which contributes to 
the promotion of bone formation; however, t-SOS results, 
indicate soccer players were in the process of growth in 
width.

Meanwhile, long bones of humans develop from the 
periphery in the lower rather than upper extremities 
(Roche, 1974). Soccer players showed high ratio of tibial 
length to height, which suggests a higher final height than 
the control group and that the individuals are in the stage 
of developing peripheral bones of the lower extremity. 
Briefly, there is a possibility that bone development in 
soccer players was slower than the control group. Kaga 
et al., (2002) reported that there was a period of relative 
bone fragility, and in which bone formation was delayed 
compared with the growth of tibia. The soccer players 
are in this stage, which may have caused lower values 
of t-SOS compared with the control group. However, 
no clear association between t-SOS and length of tibia, 
and ratio of tibial length to height was observed due to 
the small number of subjects. This issue requires further 
examination. 

As explained above, when we teach soccer players, it 
is desirable for instructors to understand that there is a 
possibility of their being in the stage of growth in width 
or delay of bone growth if their length of tibia is long and 
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give appropriate instructions. 
Nutrition factor affected the promotion of bone 

development (Wallace et al., 2002), and Matsueda et al, 
(2001) reported a positive correlation between calcium 
intake from milk and dairy products and the bone strength. 
The soccer players in this study showed a relatively strong 
positive correlation between bone strength and calcium 
intake from milk and dairy products. Puberty is the 
modeling stage in which the size of one increases, and 
in the spurt stage of the height, bone metabolic turnover 
is accelerated (van Coeverden et al., 2002). In addition, 
running activity increase bone turnover (Hetland et al., 
1993). It is presumed that because soccer players are 
engaged in sports activities during the period in which 
bone metabolic turnover is accelerated, their calcium 
intake becomes greater than the control group for bone 
formation. These results suggest that the soccer players 
who require more calcium is greater the effect of calcium 
intake on bone formation. Therefore, it is important to 
secure the necessary amount of calcium in accordance 
with individual physical activity to acquire strength of 
tibia. 

5. Conclusion

This sutdy aimed to clarify the relationship between 
physique and strength of tibia in junior high school soccer 
players using the speed of sound of tibia (t-SOS) as an 
index. The subjects of this study were 19 male junior high 
school soccer players, and a control group consisting of 
45 male junior high school students who participated in 
no regular sports activities except for gymnastics classes 
required by the school curriculum. The results of the 
investigation are as follows.

・There were no significant differences between the 
soccer players and the control group in height and 
body weight. The length of tibia in soccer players 
(40.4±1.9 cm) was significantly longer than in the 
control group (38.4±2.2 cm) (p < 0.05). The ratio of 
tibial length to height in soccer players (24.8±0.9 %) 
was significantly higher than in the control group 
(23.9±1.1 %) (p < 0.05).
・t-SOS in the soccer players (3720±71 m/ sec) 

was significantly lower than in the control group 
(3778±113 m/ sec) (p < 0.05). 

・There were no significant differences between the 
soccer players and the control group for calcium 
intake from milk and dairy products.
・The value of t-SOS demonstrated a relatively strong 

positive correlation with calcium intake from milk 
and dairy products in the soccer players (r = 0.63, 
p < 0.05).

These results suggest that the lower t-SOS values 
in junior high school soccer players were affected by 
the physical factor of longer length of tibia. Therefore, 
instruction for soccer players should reflect an 
understanding of these physical features. It is speculated 
that calcium intake has a significant effect on bone 
formation in junior high school  soccer players; therefore, 
it is important for individuals to receive calcium in 
accordance with the amount of the individual physical 
activity. 
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