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Abstract

Objectives: The purpose of this study was to evaluate the relationship between exercise time and musculoskeletal problems and
to determine the appropriate amount of exercise for children in both lower- and higher-grade levels of elementary and junior high
schools.

Materials and Methods: Mark-sheet-type questionnaires were distributed to and collected from all elementary and junior high
schools in two cities. We collected 22,494 questionnaires in total. The relationship between exercise time and musculoskeletal
problems was analyzed. The y? test and multivariate logistic regression analysis were used for statistical analyses.

Results: The mean exercise time in school, in addition to physical education time, was 3.1 hours per week. In 56% of the children,
the exercise time was less than 2 hours per week, and in 13% of the children, the exercise time was more than 10 hours per week.
Although the rate of sports injury increased with an increase in exercise time, the duration of one-leg stand (a test of balance and
muscle strength) also increased with an increase in exercise time. The cut-off values for sports injuries in boys/girls were 2.9/2.9
hours, 4.0/2.9 hours, and 7.5/4.2 hours in lower grade elementary school, higher grade elementary school, and junior high school,
respectively.

Conclusions: Although an appropriate amount of exercise improves one’s physical health and ability, excessive exercise leads to
musculoskeletal problems. Approximately 7 hours/week of exercise is recommended for junior high school students. In elementary

school, the exercise time should be carefully decided as the musculoskeletal system of the students is still immature.
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I Introduction

At present, Japan has the highest proportion of elderly
people in the world, and the proportion of elderly people
aged 65 years or older is more than 27%". Moreover, the
mean lifespan of Japanese people is one of the longest in
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the world. However, not only a long lifespan but healthy
lifespan are important. Prevention of musculoskeletal dis-
orders from a young age is essential to extend the lifespan
of humans. An increase in musculoskeletal problems and
a decrease in physical strength are currently noteworthy
problems in Japan. Generally, children are divided into two
groups on the basis of exercise time; in the high-exercise
group, musculoskeletal injury is a problem, whereas in the
low-exercise group, decreased physical strength and dis-
eases related to low exercise time are the main issues. To
prevent and detect musculoskeletal problems early, screen-
ing for musculoskeletal disorders of the extremities, in addi-
tion to screening for scoliosis, was started in 2016 in Japan.
In 2007, the University of Tsukuba started musculoskeletal
screening. Moreover, from 2016, at the time of the initial
nationwide screening of the extremities, the University of
Tsukuba started using mark-sheet-type questionnaires to
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improve the efficacy of screening. These questionnaires
contained questions related to exercise time and history of
musculoskeletal problems. From this information, research-
ers are able to examine the relationship between exercise
time and musculoskeletal problems. Although appropriate
amounts and methods of exercise help in the development of
a healthy musculoskeletal system and prevent musculoskel-
etal disorders, excessive exercise can damage the musculo-
skeletal system. The purpose of this study was to evaluate
the relationship between exercise time and musculoskeletal
problems and to determine the appropriate amount of ex-
ercise for the healthy development of the musculoskeletal
system and the prevention of musculoskeletal disorders in
children in lower- and higher-grade levels of elementary and
junior high school.

I Materials and Methods

All procedures for this study were approved by the eth-
ics board of the University of Tsukuba. All procedures were
performed after informed consent was obtained from the
participants.

Mark-sheet-type questionnaires were distributed and
collected from all elementary and junior high schools in
Tsukuba City and Hitachiomiya City. We collected 22,494
questionnaires in total and the collection rate was 99%.
The questionnaire was originally created by the University
of Tsukuba and based on the Japan Association of School
Health’s questionnaire. The questionnaire contained ques-
tions related to the exercise time in school (excluding physi-
cal education time); presence of scoliosis; stand flexion ex-
ercise; full-squat exercise; one-leg stand; and the presence
of genu valgum, genu varum, flat feet, fracture or joint dis-
location, Osgood disease, baseball elbow, and spondyloly-
sis. The question relating to exercise time had the following
possible responses: 1) 0 hours, 2) 1-2 hours, 3) 3—4 hours, 4)
5-9 hours, and 5) 10 hours or more.

Statistical analysis

Students were divided into two groups on the basis of the
exercise time. Using the median value of exercise time, par-
ticipants with more than 3 hours of exercise time were cat-
egorized as the high-exercise group, and those with less than
3 hours of exercise time were categorized as the low-exercise
group. The rate of musculoskeletal problems was compared
between the groups using the y? test. Multivariate logistic re-
gression analysis was also performed; the musculoskeletal
problem was set as the objective variable and the exercise
time, school year, sex, and mode of going to school were set
as explanatory variables. A p-value < 0.05 indicated statisti-
cal significance. All statistical analyses were performed with
JMP Statistics, version 13.2.1 (SAS Institute Inc.).
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Figure 1 Exercise time (hours per week) in addition to physical educa-
tion time in schools.

I Results

The mean exercise time in school, in addition to physical
education time, was 3.1 hours per week. In 56% the children
the exercise time was less than 2 hours per week, while 13%
of the children exercised more than 10 hours per week (Fig-
ure 1). The rate of sports injuries (i.e., fracture or disloca-
tion, fatigue fracture, Osgood disease, baseball elbow, and
spondylolysis) increased as the exercise time increased (Fig-
ure 2). In addition, the duration of one-leg stands increased
as exercise time increased (Figure 3). The exercise time and
the rate of musculoskeletal problems were correlated signifi-
cantly; the details are shown in Table 1. When the exercise
time increased, the abnormal durations of stand flexion and
one-leg stand decreased significantly (p < 0.05, y* test). In
contrast, when the exercise time increased, the abnormal
rates of full squats and the presence of fracture or dislo-
cation, Osgood disease, baseball elbow, spondylolysis, and
fatigue fracture also increased. The rate of sports injury and
balance ability (one-leg stand) also increased with exercise.

In the multivariate logistic regression analysis, stand
flexion; one-leg stand; and the presence of fracture or dis-
location, Osgood disease, baseball elbow, and spondylolysis
were significantly correlated with exercise time. Exercise
decreased the abnormal durations of stand flexion and one-
leg stand but increased the rate of sports injury (Table 2).

The cut-off values for sports injuries (i.e., fracture or
dislocation, Osgood disease, baseball elbow, spondylolysis,
and fatigue fracture) in boys/girls were 2.9/2.9 hours, 4.0/2.9
hours, and 7.5/4.2 hours in lower-grade elementary school,
higher-grade elementary school, and junior high school, re-
spectively (Table 3, Figure 4).
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Figure 2 Rate of sports injuries (i.e., fracture or dislocation, fatigue
fracture, Osgood disease, baseball elbow, and spondylolysis)
and exercise time.
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Figure 3 Abnormal rate of one-leg stands and exercise time.

Table 1 Relationship between exercise time and abnormal rate of musculoskeletal problems in lower- and higher-grade elementary and junior

high school in boys and girls

Lower-grade elementary

Higher-grade elementary

Junior high school

Total
Boy Girl Girl Boy Girl
Scoliosis n.s. n.s. P<0.05* n.s. n.s. n.s.
Stand flexion P<0.001* P<0.001* P<0.001* P<0.001* P<0.001* P<0.01* n.s.
One-leg stand P<0.001* P<0.001* P<0.001* P<0.01* P<0.01* P<0.01* P<0.001*
Full squat n.s. n.s. P=0.001* n.s. n.s. P<0.01F P<0.0011
Flat feet P<0.01* P<0.001* P<0.001* P<0.001* P<0.001F P<0.0017 n.s.
Fracture or joint dislocation n.s. n.s. P<0.0017 P<0.05F P<0.0011 n.s. P<0.0011
Osgood disease n.s. n.s. P<0.01} n.s. P<0.0011 P<0.05% P<0.01}
Baseball elbow n.s. n.s. P<0.0017 P<0.05F P<0.0017 n.s. P<0.01}
Spondylolysis n.s. n.s. n.s. P<0.051 n.s. P<0.01F
Fatigue fracture n.s. n.s. P<0.051 n.s. P<0.05% P<0.0011 P<0.01F

Comparison of the abnormal rate of musculoskeletal problems between the high-exercise and low-exercise groups in lower-grade level boys/
girls and higher-grade level boys/girls in elementary and junior high school. *Significantly low in the high-exercise group (i test). +Signifi-

cantly high in the high-exercise group (i test). n.s.: not significant.

I Discussion

The World Health Organization (WHO) recommends
more than 60 minutes of exercise per day for children aged
5-17 years in order to improve physical ability and health?.
The Centers of Disease Control and Prevention also recom-
mend 60 minutes of exercise per day for children?.

Legault et al. reported that adolescent athletes have few-
er issues with the spine and extremities than do adolescent
non-athletes?. Tokuoumaru et al. reported that after exer-
cise of the peroneus longus and tibialis posterior muscles,

heel raises were possible with few perturbations of the meta-
tarsal head®. Smith et al. revealed that muscular fitness had
a positive effect on bone health and self-esteem, but the rela-
tionship between muscular fitness and musculoskeletal pain
was uncertain®. Thus, it is clear that a certain amount of
exercise is beneficial to the musculoskeletal system.

However, in Japan, the time of physical education in
elementary and junior high schools is approximately 2-3
hours per week; this is insufficient according to the WHO-
recommended exercise time, and additional exercise, other
than physical education, is necessary.”.
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Table 2 Results of multivariate logistic regression analysis

Explanatory variables, P-value

Time of exercise ~ Grade in school Sex Mode of going to
school
Objective variables
Scoliosis n.s. 0.001 n.s. n.s.
Stand flexion <0.001 <0.001 <0.001 n.s.
Full squat n.s. <0.001 <0.001 n.s.
One-leg stand <0.001 <0.001 <0.001 <0.001
Genu valgum n.s. n.s. n.s. n.s.
Genu varum n.s. <0.001 0.01 n.s.
Flat feet n.s. <0.001 <0.001 n.s.
Fracture or dislocation <0.001 <0.001 <0.001 n.s.
Osgood disease <0.001 <0.001 <0.001 n.s.
Baseball elbow <0.001 <0.001 <0.001 n.s.
Spondylolysis 0.021 0.009 n.s. n.s.

n.s.: not significant.

Table 3 Cut-off values (exercise hours) of musculoskeletal problems

Lower-grade elementary

Higher-grade elementary

Junior high school

Total
Boys Girls Boys Girls Boys Girls
Stand flexion 1.5 1.5 1.5 1.5 1.5 0 7
One-leg stand 1.5 1.5 1.5 1.5 7 35 1.5
Fracture or dislocation 7 7 7 7 7 7 7
Osgood disease 1.5 - 3.5 0 10 7 7
Baseball elbow - - 7 7 10 7 7
Spondylolysis - - 7 1.5 7 1.5 7
Fatigue fracture - 1.5 35 1.5 10 35 7
g | a 45 | b
4 2=.
7 R?=0.9192 =0t
6 3.5
3
5
2.5
4
2
3
1.5
% 1
1 0.5
0
LGE HGE JH LGE HGE TH

Figure 4 Cut-off values for sports injury in boys (a) and girls (b).
LGE: Lower-grade elementary; HGE: Higher-grade elementary; JH: Junior high school.
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In contrast, excessive exercise can lead to musculoskel-
etal problems, such as those resulting from sporting inju-
ries. In line with this, Shanmugam et al. revealed that when
designing a training program, biological age and physical
immaturity should be considered®. Zwingenberger et al.
reported a higher rate of low back pain in adolescent ath-
letes than in age-matched controls?. Finch et al. reported
higher population health burden in sports injury compared
with that in road traffic injury among children; this tendency
was more remarkable in younger individuals than in older
individuals (Table 3, Figure 4)'°. Physical educators must
be careful to prevent excessive exercise in young children.

There are several limitations to this study. First, infor-
mation related to the exercise time was collected via a ques-
tionnaire. Therefore, we had to classify exercise time into
five classes; accordingly, the accuracy of exercise time is
not high. Second, this study is a cross-sectional study. A

I References

longitudinal study will more accurately detect the relation-
ship between exercise time and musculoskeletal problems.
As longitudinal data were accumulated in our group, a lon-
gitudinal study will be reported in the future.

I Conclusions

About 7 hours/week of exercise for junior high school
boys is recommended. As elementary school students’ mus-
culoskeletal system is immature compared to that of junior
high school students, the exercise time should be carefully
decided. Further prospective study on exercise time and
musculoskeletal problems is needed.
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