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Abstract

Objective: In 2020, coronavirus disease-2019 (COVID-19) became the cause of a pandemic. In response, the Japan Sports Agency
issued warnings about secondary damage to health, such as the threat to physical and mental well-being due to the lack of exercise
in this situation. In this study, we report on cross-sectional and longitudinal examinations of standing trunk flexion to evaluate how
temporary long-term school closures affected musculoskeletal function in elementary school students.

Patients and Methods: All children in one public elementary school in T-city during the school years 2019 and 2020 were included
in this study. A digital forward flexion meter was used to measure standing trunk flexion.

Results: In this study, 284 (284/289: 98.3%) and 266 (266/274: 97.1%) children in school years 2020 and 2019, respectively, were
found to have valid data for cross-sectional analysis. The standing trunk flexion did not show significant differences between grades
or sexes. In the longitudinal analysis, the results of the comparison of standing trunk flexion in children for two consecutive years
revealed significant differences only between grades 3 and 4 (P<0.05) and between girls in grades 3 and 4 (P<0.01), but no signifi-
cant differences in other grades or among boys or girls were observed.

Conclusion: Initially, we expected that there would be a difference in the results of functional assessment using standing trunk
flexion depending on the period of absence from school. However, the results of this study showed no significant changes in stand-
ing trunk flexion. Moreover, since children’s musculoskeletal functions may be affected by various factors during the COVID-19
pandemic, they should be carefully monitored in the future.
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I Introduction

a worldwide pandemic. In Japan, the Prime Minister issued
In 2020, coronavirus disease-2019 (COVID-19) caused an emergency declaration in April, and various strategies
were implemented, such as requesting the population to re-
frain from going out’. The entire population had to change
to a “new lifestyle” to prevent the spread of COVID-19, and
social life has also changed drastically.
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middle-aged and older people, decline in physical strength
and life functions (deterioration of musculoskeletal organs,
such as bones and muscle, and dementia), and risk to healthy
growth and development in children.

In view of the situation children are facing, the Minis-
try of Education, Culture, Sports, Science and Technology
issued a notice® on February 27 directing the “simultane-
ous temporary closure of elementary schools, junior high
schools, senior high schools, and special needs schools to
counter the spread of COVID-19”, leading to the temporary
closure of many schools. In I Prefecture’s T-city, the tem-
porary closure began on March 6, and schools were closed
until June 8, so students were unable to go to school for ap-
proximately 3 months.

In this context, we aimed to evaluate how temporary
long-term school closures affected the musculoskeletal
functions of elementary school students. In this study, we
selected an objective index, the “standing trunk flexion
test”, which is one of the recommended items for muscu-
loskeletal examination in school®. We also report on the re-
sults of the cross-sectional and longitudinal examinations of
this measurement.

I Patients and Methods
Subjects

All children attending a public elementary school in T-
city, I prefecture, in the school years 2020 and 2019 were
included in this study. This school routinely conducts an
annual musculoskeletal examination in collaboration with
T-city*®. During the implementation of the musculoskeletal
examination, the results of the standing trunk flexion test
were used, as it has been measured annually in recent years
along with other musculoskeletal parameters. However, the
measurement period was different in 2020 because of the
temporary closure of schools due to COVID-19, and the
measurement was conducted in June, although the measure-
ment is usually conducted in April every year. Students who
were absent and those who could not perform the measure-
ment procedure due to trauma or disability were excluded.

Methods

A digital forward flexion meter (Flection D-, Takei In-
struments Co., Ltd.) was used to measure standing trunk
flexion. Participants were instructed to stand on the mea-
surement table with their feet together, in line with the
reference line, bring their palms together while extending
their fingertips, bend their upper body forward, and press
the cursor along the post. The measurements were carried
out while instructing the student to maintain a position
that would not cause recoil or bending of the knee; if these
movements were observed, the measurement was invali-
dated, and a new measurement was performed. Measure-

ments were performed twice, and the better of the two was
recorded as the measured value.

For the cross-sectional analysis, the mean values of
standing trunk flexion were measured for every student in
the entire school. Data were recorded according to sex, and
the proportion of students who had anteflexion less than 0
cm was also calculated. For the longitudinal study, students
in grades 2 to 6 in 2020 were matched and compared with
their individual measurements taken in grades 1-5 in 2019.

Statistical analysis

In the comparison of means for the cross-sectional
analysis, the unpaired t-test was used when normality was
observed, and the Mann-Whitney U test was used when nor-
mality was not observed. The corresponding t-test was used
for longitudinal analysis, and when data were not normally
distributed, the Wilcoxon signed rank sum test was used.
The chi-square test (including Fisher’s direct method and
Yate’s continuous correction) was used to evaluate the pro-
portion of children who had a measurement of less than 0
cm. The significance level of all tests was set at 5%.

Ethical approval

This study was approved by the ethics committee of our
institution (approval no. 678-3) and was performed in accor-
dance with the Declaration of Helsinki. Written informed
consent was obtained from the subjects and their guardians.

I Results

In this study, 284 (284/289: 98.3%) and 266 (266/274:
97.1%) children in the school years 2020 and 2019, respec-
tively, were found to have valid data for cross-sectional
study. The overall and sex-specific numbers and proportions
for each grade for each year are shown in Table 1. For the
longitudinal analysis, 215 of 227 children in grades 2—6 in
2020 were found to have valid data that could be compared
with their 2019 data. The number and proportion of students
in each year for the entire grade and those by sex are shown
in Table 2.

The results of the cross-sectional analysis of standing
trunk flexion measurements for each year for all grades and
for each sex are shown in Figure 1. A comparison of stand-
ing trunk flexion measurements in school years 2020 and
2019 showed no significant differences between grades or
sexes. Figure 2 shows the proportion of students with an-
teflexion of less than 0 cm. No significant difference was
noted in the proportion of students with anteflexion of less
than 0 cm between the 2019 and 2020 data for all grades and
for each sex.

The results of the longitudinal analysis of the standing
trunk flexion measurements for each year for all grades and
sex are shown in Figure 3. The results of the comparison
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Table 1 Number of students with available 2019 and 2020 physical examination data

Ist-grade 2nd-grade 3rd-grade 4th-grade Sth-grade 6th-grade All

2020 All 58 52 53 40 35 45 283
Boys 28 (48%) 29 (56%) 26 (49%) 22 (55%) 17 (49%) 19 (42%) 141

Girls 30 (52%) 23 (44%) 27 (51%) 18 (45%) 18 (51%) 26 (58%) 142

2019 All 52 50 41 33 46 44 266
Boys 30 (58%) 25 (50%) 22 (54%) 17 (52%) 21 (46%) 30 (68%) 145

Girls 22 (42%) 25 (50%) 19 (46%) 16 (48%) 25 (54%) 14 (32%) 121

Table 2 Number of students with available 2019 and 2020 physical examination data who could be mea-

sured consecutively

1st-2nd grade 2nd-3rd grade 3rd-4th grade 4th-5th grade Sth-6th grade All
2020 All 50 47 40 33 45 215
Boys 29 (58%) 24 (51%) 22 (55%) 17 (52%) 20 (44%) 112
Girls 21 (42%) 23 (49%) 18 (45%) 16 (48%) 25 (56%) 103
All Boys Girls
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Figure 1 Results of the cross-sectional analysis of standing trunk flexion measurements for school years 2019 and 2020
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Figure 2 Results of the cross-sectional analysis of students with an anteflexion of less than 0 cm
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Figure 3 Results of the longitudinal analysis of standing trunk flexion measurements for school years 2019 and 2020 (*P<0.05)
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Figure 4 Results of the longitudinal analysis of the proportion of students with an anteflexion of less than 0 cm

between the 2019 and 2020 standing trunk flexion mea-
surements showed significant differences only in grades
3—4 (P<0.05) and for girls in grades 3—4 (P<0.01), with no
significant differences for all grades in boys or girls. The
proportion of students with anteflexion of less than 0 cm
is shown in Figure 4. No significant difference was found
in the proportion of students with a standing trunk flexion
measurement of less than 0 cm between 2019 and 2020 data
for all grades or each sex.

I Discussion

In 2020, public social life has changed drastically due
to the spread of COVID-19. While there are concerns about
direct effects on health caused by the infection, it is neces-
sary to consider the secondary effects resulting from envi-
ronmental changes. In this study, we focused on the changes
in musculoskeletal function in children due to the spread of
COVID-19 infection, which has been reported by the Japan
Sports Agency?, and examined the changes based on objec-
tive indicators.

In Japan, school physical examinations have been con-
ducted in elementary and junior high schools for many
years, and we are grateful for having a system in which
children’s health conditions are regularly checked annu-
ally*?. Furthermore, in accordance with the partial revision
of the enforcement regulations of the School Health and
Safety Act, “musculoskeletal examination”, which requires
the evaluation of the condition of the extremities, has been
implemented nationwide simultaneously since 2016. Efforts
have been made to detect disorders and diseases at an early
stage, leading to early treatment and prevention of mus-
culoskeletal dysfunction. Five years have passed since the
start of musculoskeletal examinations, and several reports
on musculoskeletal functions have been published. Based
on the report that many findings are related to flexibility,
such as standing trunk flexion and limited range of motion
of the ankle joint®, and on the results of our study®* 19, we
thought that the standing trunk flexion test, which is one of
the recommended items of the checklist for musculoskeletal
examination, could be an objective indicator of musculo-

skeletal function. Initially, we expected that there would be
a difference in the results of the functional assessment of
standing trunk flexion depending on the period of absence
from school or relative inactivity. However, the results of
this study showed no significant changes in the assessment
of standing trunk flexion in the cross-sectional analysis, and
only some girls showed a change in the longitudinal analy-
sis.

Many studies have reported that physical activity and
physical fitness are positively correlated in elementary
school children and that the sit-and-reach test and activity
energy consumption are also correlated'’, and Japanese el-
ementary school children are less physically active during
the summer vacation than during normal school life!?. In
our preliminary study, we also found that stretching exer-
cises improve flexibility, but flexibility tended to be lower
when measured immediately after the summer vacation. At
the time of the Great East Japan Earthquake of 2011, which
was an unprecedented disaster, a comparison of physical fit-
ness before and after the earthquake showed that physical
fitness and exercise ability declined after the earthquake'.
From these results, we thought that there might be a reduc-
tion in the flexibility of elementary school students when the
amount of physical activity decreased because of the tempo-
rary closure of schools.

However, in the present study, no decline in standing
trunk flexion was observed, and the results showed that the
standing trunk flexion of girls in some grades improved. In
the physical fitness test currently conducted in elementary
schools, the sit-and-reach test is used as an index of flex-
ibility, and this difference in measurement method may have
affected the results.

In addition, flexibility is only a part of the physical fitness
test and is insufficient to evaluate musculoskeletal function;
thus, other indices should be included in the study. Another
study after the Great East Japan Earthquake reported that
the results of the sit-and-reach test improved after the earth-
quake, which was due to the use of more mat exercises and
flexibility exercises in a limited indoor space due to restric-
tions on outdoor activities'?.

During this temporary holiday period, it is thought that
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the so-called home time increased and more time could
be spent freely. The Sports Agency is concerned about the
secondary damage to health caused by a lack of exercise?
in this “new lifestyle” and has introduced suggestions for
engaging in safe and secure exercise and sports, as well as
examples of easy exercise. Children had limited time to be
active in their normal school and social lives, but during the
temporary closure of schools, they may have had more time
to exercise, and the environment for exercise may have been
secured by the introduction of methods and increased paren-
tal intervention time due to the increase in teleworking. This
stay-at-home pattern may lead to an increase rather than a
decrease in flexibility, but this is merely speculation.

This study has several limitations. First, the study was
limited to one elementary school. Environmental status
may vary depending on the individual schools, regions, and
backgrounds. It is necessary to increase the number of target
schools and students and analyze various data. Second, the
different timing of the measurements may have influenced
the results, as the temporary school closure due to COV-
ID-19 resulted in a difference of approximately 2 months
between the implementation period before 2019 and 2020.
The comparison was possibly not completely accurate be-
cause of changes in children’s activities and growth. Third,
we were unable to assess the amount of physical activity of
each student. Individual differences exist in the amount of
activity even during periods of absence from school, and
it cannot be said that the amount of activity has necessar-
ily decreased. In the future, it is necessary to examine the
relationship between the amount of physical activity and
exercise habits. Fourth, although it has been argued that
standing forward bending is affected by lower limb length!®,

I References

this study did not sufficiently analyze the relationship of in-
dividual developmental status, including body size factors
such as developmental spurts, and this needs to be examined
in the future'*'®. In this study, only standing trunk flexion
was used as an indicator, but since the school also conducts
physical fitness tests on an ongoing basis, we would like to
use these results to examine the influence of the absence
period on children’s musculoskeletal function.

I Conclusion

The effect of COVID-19 on the musculoskeletal function
of elementary school students was examined by measuring
standing trunk flexion. No changes were observed in cross-
sectional or longitudinal analyses. However, since chil-
dren’s musculoskeletal functions may change due to vari-
ous factors during the COVID-19 pandemic, they should be
carefully monitored in the future.
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