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INTRODUCTION

Sports injuries are defined as any kind of damage to body 
tissues caused by a large external force applied during 

sports activities, while sports disorders are defined as min-
ute damage to body tissues caused by repeated application of 
a causative action (load). It is believed that physical factors 
(internal factors), environmental factors (external factors), 
and training factors (triggering factors) related to the quan-
tity and quality of the causative action are involved in the 
development of sports injuries. Some internal factors are dif-
ficult to modify (i.e., age, gender, and anatomical character-
istics), but there are also others that are modifiable through 
training (i.e., muscle strength, muscle tightness, and dynam-
ic alignment) [1,2]. Sports activities place a greater load on 

body parts than daily life, and these can occur in any part 
of the body, including the head, neck, limbs, trunk, and in-
ternal organs. Therefore, we believe that it is important to 
modify internal factors and how to prevent and minimize 
sports-related injuries. 

Preventive approaches to reducing sports injuries are 
important. First, the problem needs to be identified and 
described in terms of the incidence and severity of sports 
injuries. Second, the factors and mechanisms involved in the 
occurrence of sports injuries are identified. Third, counter-
measures that can potentially reduce future risks are intro-
duced. These measures should be based on the etiology and 
mechanisms identified in the second step. Finally, the effec-
tiveness of the countermeasure must be assessed [3].

Many people perform warm-up (W-up) before exercise 
to prevent trauma and injury, as well as to improve per-
formance. The main purpose of W-up is to increase body 
temperature [4,5], which causes an increase in oxygen dis-
sociation from hemoglobin and myoglobin, an acceleration 
of metabolic reaction rate, nerve conduction velocity and 
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nerve transmission, increased in blood flow in active mus-
cles, and increased oxygen uptake. All these physiological 
factors contribute to improved performance [4,5]. 

Core training is one of the most important training 
methods for improving performance and preventing sports 
injuries. The core is the center of the body and consists of 
the scapula, rib cage, abdomen, lower back, pelvis, and hip 
joints, excluding the limbs. Verstegen [6,7] states that in or-
der for the core to function, it is necessary to have perfect 
posture, which minimizes stress from external forces and al-
lows the major joints to work most efficiently against gravity. 
On the other hand, performance in an unstable posture puts 
stress on the body and increases the possibility of move-
ment-related injuries. Training to improve the function of 
the core includes movement preparation (MP), which aims 
to improve joint mobility and muscle flexibility in prepara-
tion for physical activity. MP involves repeated stretching 
and contraction of muscles in response to joint movement, 
which increases core muscle temperature. MP is effective 
when performed as a W-up because it increases the temper-
ature of the trunk muscles by repeatedly stretching and con-
tracting the muscles as the joints move.

Because of its benefits in increasing the muscle temper-
ature of the trunk and improving flexibility, MP is also ex-
pected to be effective as a W-up. However, only a few reports 
discuss the effectiveness of MP as a W-up in preventing 
trauma and injury. The purpose of this study was to clarify 
the effect of MP on the prevention of injury in male high 
school soccer players. The period of conventional W-up was 
used as the control period, while the period with MP was 
used as the intervention period (IP).

METHODS

Study Participants

The study subjects were 55 first-year to third-year members 
of a high school boys' soccer team (age: 15.9 ± 1.0 years, 
height: 168.5 ± 5.2 cm, weight: 57.4 ± 5.3 kg). Those with or-
thopedic diseases at the time of measurement and those who 
did not participate in practices or games were excluded. We 
also excluded subjects who had difficulty in measurement or 
who withdrew their consent.

Ethical Considerations

This study was conducted in the spirit of the Declaration of 
Helsinki and in compliance with the Ethical Guidelines for 
Medical Research Involving Human Subjects of the Ministry 
of Health, Labor and Welfare and the Ministry of Education, 
Culture, Sports, Science and Technology, in order to protect 
the human rights, maintain the safety, and improve the wel-
fare of the research collaborators, as well as to ensure the sci-
entific quality of this study and the reliability of the results. 
This research was conducted after sufficient written and oral 
explanations were given to the research collaborators, their 
guardians, and school principals, and after consent was ob-

tained. The study was approved by the Ethics Committee of 
Takasaki University of Health and Welfare (Takasaki Health 
University Ethics No. 3081).

Research Flow

The measurement of items such as flexibility, balance, and 
performance were collectively referred to as physical mea-
surements. Physical measurements were performed three 
times, with an interval of two months between the dates of 
the measurements. The first physical measurement was con-
ducted before testing. The following two months, respective-
ly, were designated as the CP, wherein the team conducted 
the conventional W-up program, and the IP, wherein the 
team conducted the MP with the W-up program (Figure 1). 
The W-up program during the CP included running, static 
stretching, then dynamic stretching. On the other hand, the 
W-up program during the IP included running then MP.

Inspection and Measurement Items

a. Basic Information
All subjects were given a form to fill in their height (cm), 
weight (kg), kicking foot, and axle foot; each athlete filled 
in the form individually. The kicking leg was defined as the 
leg that was frequently used for shooting and passing during 
play and was primarily used to control the ball, whereas the 
opposite leg defined the axle leg.

b. Flexibility
Flexibility of the posterior thigh (°)
To measure the flexibility of the posterior surface of the 
thigh, the angle of straight leg raising (SLR) was measured, 
and the angle between the thigh and the floor surface was 
measured in 1° increments at the position where light resis-
tance was felt.

c. Flexibility of trunk and lower limbs (cm)
The finger floor distance (FFD) was measured as a meth-
od to measure the flexibility of the body. The measurement 
was performed using a digital forward flexion meter (Takei 

Figure 1. Research Flow
CP : Control Period, IP : Intervention Period, MP : Movement Preparation
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Equipment Co., Ltd., Friction-D). The distance between the 
tip of the middle finger and the floor of the table was mea-
sured in 0.1 cm increments.

d. Flexibility of the front of the thigh (cm)
The heel-buttock distance (HBD) was assessed as a measure 
of the flexibility of the anterior surface of the thigh. The dis-
tance between the heel and the front of the thigh was mea-
sured in increments of 0.5 cm by pushing the distal lower 
leg while the knee joint on one side was flexed in a prone 
position.

e. Flexibility of the back of the lower leg (°)
The lower leg inclination angle was assessed as a measure 
of the flexibility of the posterior surface of the lower leg [8]. 
In the starting limb position, the measured lower leg was 
stepped forward and fully tilted forward toward the exam-
inee, taking care that the heel did not leave the floor while 
the entire sole of the lower limb was grounded. The axis of 
movement was the fibula, and the angle between the fibu-
la and the ground was measured in 1° increments, with the 
vertical line from the ground being 0°.

f. Dynamic Balance
The modified Star Excursion Balance Test (mSEBT) is one 
of the indices to evaluate dynamic balance ability in a one-
legged stance, and it has been reported as a tool to predict 
lower limb disorders [9-12]. A sheet with increments of 1 
cm on a line extending in 3 directions (anterior, postero-

lateral, and posteromedial) was placed on the floor[9-12]. 
The maximum reach distance was measured in 1 cm incre-
ments, with the tip of the toe in the one-legged stance being 
0 cm, the plantar surface of the supporting leg not leaving 
the floor, and the weight not being placed on the apex of the 
reaching leg during reaching. The maximum reach distance 
was measured in 1 cm increments, and the mean value was 
divided by the length of the spinal malleolus distance.

Performance

a. Sprint time (sec)
The time of the 40-m sprint was measured using a stop-
watch. The starting posture was a standing start, and the 
time when runners passed the 40 m mark from the start was 
measured. Measurements were taken twice, and the smallest 
value rounded off to the second decimal place was used.

b. Vertical jump height (cm) 
The vertical jump height was measured using a yardstick 
(S&C Co., Ltd., Yardstick). From a stationary standing posi-
tion, the left or right upper limb was raised, and the tip of the 
finger was set as the starting line. The subjects were instruct-
ed to jump vertically on the spot and touch the yardstick 
at the highest point, with or without arm recoil. The height 
from the starting line to the highest point was measured as 
the jumping height in 1 cm increments. The measurements 
were performed twice, and the maximum value was adopt-
ed.

Figure 2. Training content for MP
(1) Hip Crossover, (2) Scorpion, (3) Calf Stretch (2 types), (4) Hand Walk, (5) Inverted Hamstrings, (6) Lateral Lunge,  

(7) Forward Lunge Forearm to Instep, (8) Smooth Squat to Stand, (9) Drop Lunge, and (10) Backward Lunge with Twistn
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Injury Status

Based on previous studies [13,14], an injury was defined as 
non-participation in practice or games for more than one 
day. Based on the number of occurrences of injury, we cal-
culated the incidence of injury by time, as well as recorded 
the site, severity, cause, and type of injury per 1000 practice 
sessions (/1000 athlete-exposure [/1000 AE]).

The injury incidence rate was calculated using the fol-
lowing formula: total number of injuries ÷ total number of 
practices and games × 1000 = injury incidence rate. The in-
cidence of injury in practice was calculated by using the fol-
lowing formula: number of injuries that occurred in practice 
÷ total number of practices × 1000 = incidence of injury. The 
incidence of injury in games was calculated using the follow-
ing formula: number of injuries/disabilities that occurred in 
games ÷ total number of games × 1000 = incidence of injury. 
Injuries were investigated by the principal investigator, who 
visited the subjects once a week and interviewed them.

Intervention Method

The W-up program during the CP started with running, stat-
ic stretching, then dynamic stretching, whereas during the 
IP, this started with running then MP. The W-up program 
was set to be a total of 15 min during both time periods.

W-up Contents in the IP

We selected 10 exercises from the MP exercises proposed 
by Verstegen [6,7] and performed them after running for 5 
min. The W-up included running and MP, in that order, for 
a total of 15 min (Figure 2). 

W-up Contents During the CP

The subject performed the W-up starting with 5 min of run-
ning, stretching, then dynamic stretching. Examples of static 
and dynamic stretching can be seen in Figures 3 and 4, re-
spectively (Figure 3 and 4).

Static Stretching

Static stretching was performed for 10 sec in each limb po-
sition (Figure 3).

Dynamic Stretching

Each dynamic stretching movement was performed 10 times 
with light recoil (Figure 4). 

Date Analysis

The risk ratios and 95% confidence intervals for the CP ver-
sus the IP were presented and discussed using a χ² test of 
independence. The number of days required to return to 
practice and games for each injury were compared between 
the CP and the IP. The normality of the return time was con-
firmed using the Shapiro–Wilk test, while the Mann–Whit-
ney U test was used for comparison because normality was 
not found. 

The Shapiro–Wilk test was performed to confirm nor-
mality for all items obtained from the first, second, and third 
physical measurements. Since no normal distribution was 
observed, the Friedman test was performed, followed by the 
Wilcoxon signed rank test as a subsequent test. The p-values 
were corrected and compared using the Bonferroni meth-
od. All data were analyzed using the  Statistical Package for 
Social Science (SPSS, version 22). For all statistical tests, P < 
0.05 was considered significant.

RESULTS 

Comparison of the Incidence of Injury Between CP and IP 
(Table 1)

a. Injury Incidence 
During the 2-month CP and IP, respectively, a total of 12 
and 7 injuries/disabilities occurred, with an incidence 

Figure 3. Static stretching

Figure 4. Dynamic stretching
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of 3.91/1000 AE and 2.26/1000 AE, with no significant 
difference (P = 0.278). The number of injuries/disabilities 
occurring during practice was 8 for the CP and 2 for the IP, 
with injury incidence rates of 3.58/1000 AE and 1.28/1000 
AE, respectively (P = 0.060). Furthermore, the number of 
injuries/disabilities that occurred during games was 4 in the 
CP and 5 in the IP, with injury rates of 4.80/1000AE and 
3.25/1000AE, respectively (P = 0.452).

b. Severity of Injury and Return to Work Days
The incidence of injury by severity for CP and IP, respectively, 
were as follows: 2.61/1000 AE and 1.61/1000 AE for very 
mild; 0.33/1000 AE and 0.00/1000 AE for mild; 0.33/1000 
AE and 0.65/1000 AE for moderate; and 0.33/1000 AE and 
0.65/1000 AE for severe.
The median number of days to return to work (1st–3rd 
quartile) was 7.0 (range: 3.0–16.0) days for CP and 7.0 
(range: 6.8–15.3) days for IP, with no significant difference 
(P = 0.550).

Causes of Injury and Site of Injury

The CP and IP, respectively, had incidences of 1.96/1000 AE 
and 1.61/1000 AE for contact injuries. The CP and IP were 
1.96/1000 AE and 0.65/1000 AE for non-contact injuries. 
The CP and IP for the lower limbs were 1.96/1000 AE and 
1.29/1000 AE, respectively. 

Comparison of Changes in Physical Measurements Between 
the CP and IP (Table 2)

In terms of flexibility, the SLRs of the kicking leg and the 
axle foot showed a significant increase from the first to the 
third measurement (P < 0.001). Similarly, the HBD of the 
kicking leg (P = 0.004) and the axle leg (P = 0.009) showed 
a significant improvement in the second round compared to 
the first round.

In terms of balance, the anterior reach ratio of the 
kicking leg and the axle leg showed a progressive increase 
in reach ratio across all three measurements, and there 
were significant differences between the first and second 
times, and between the first and third times (kicking leg: P 
< 0.001, axle leg: P < 0.001). The kicking leg and axle leg of 
the posterior lateral reach rate and posterior medial reach 
rate decreased in the second round compared to the first 
round, whereas the reach rate increased in the third round 
compared to the second round. 

In terms of performance, the vertical jump height showed 
progressive expansion all 3 times. The vertical jump height 
was larger during the second time compared to the first 
time, and in the third time compared to both the second and 
first times (1st–2nd: P = 0.011, 2nd–3rd: P < 0.001, 1st–3rd: 
P < 0.001). The 40-m sprint time did not differ significantly 
between the measurements.

Table 1. Comparison of the incidence of trauma and disability between CP and IP

CP IP

Number 
of events

incidence percentage
Number 
of events

incidence
 (/1000AE) 

percentage
The risk ratios and 

95% confidence intervals (/1000AE)  (%)  (%) P  

Total 12 3.91 100.0 7 2.26 100.0 0.629  (0.269 - 1.473) 0.278 

Activities

Practice 8 3.58 66.7 2 1.28 28.6 0.270  (0.060 - 1.210) 0.060 

Game 4 4.80 33.3 5 3.25 71.4 1.348  (0.382 - 4.744) 0.452 

Severity (of an illness)

Very mild (within 1-7 days) 8 2.61 66.7 5 1.61 71.4 0.674  (0.236 - 1.927) 0.457 

Mild (within 8-14 days) 1 0.33 8.3 0 0.00 0.0 

Moderate (within 15-28 days) 1 0.33 8.3 2 0.65 28.6 2.157  (0.201 - 23.074) 0.471 

Severe (more than 29 days) 2 0.65 16.7 0 0.00 0.0 

Injury factors

Contact type 6 1.96 50.0 5 1.61 71.4 0.899  (0.292 - 2.765) 0.852 

Non-contact type 6 1.96 50.0 2 0.65 28.6 0.359  (0.076 - 1.700) 0.161 

Injured Parts 

Cervical Crest 0 0.00 0.0 1 0.32 14.3 

Body Stem 3 0.98 25.0 1 0.32 14.3 0.359  (0.039 - 3.346) 0.338

Upper Extremity 3 0.98 25.0 1 0.32 14.3 0.359  (0.039 - 3.346) 0.338

Lower Extremity 6 1.96 50.0 4 1.29 57.1 0.719  (0.215 - 2.402) 0.420
CP : Control Period, IP : Intervention Period
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DISCUSSION

Effectiveness in Preventing Injury

The incidence of injury during the IP decreased by about 42% 
compared to the CP. Furthermore, the incidence of injury 
during practice and games was reduced by about 63% and 
32%, respectively. Furthermore, when comparing the causes 
of injury, the incidence of contact and non-contact injury 
was reduced by about 18% and 64%, respectively. However, 
since there was no statistically significant difference between 
the two periods in this study, it was not possible to fully 
confirm whether MP was effective in preventing sports 
injuries as a W-up.

According to a report by Bahr [1], internal factors such as 
muscle strength, muscle tightness, and dynamic alignment 
are involved in the occurrence of sports injuries caused 
by non-contact mechanisms. In addition, previous studies 
[15-17] have shown that incorporating dynamic stretching 
into a W-up program can improve flexibility, balance, and 
performance more than static stretching alone. The MP 
conducted in this study is also a type of dynamic stretching, 
and since it has been shown to improve flexibility and 
balance functions, which are internal factors, it is possible 
that the effects of trauma and disability can be confirmed 
upon further investigation. One of the factors that prevented 
us from finding statistically significant differences in this 
study is the possibility that the low incidence of trauma 
and disability may have affected the results. This study 
was conducted for a period of two months, but most of 
the previous studies that reported the occurrence of sports 
injuries and disabilities were conducted for over a year. 

Therefore, it is necessary to continue the survey and to 
extend the survey period to more than one year.

Results of Physical Measurements

The results of physical measurements showed that flexibility 
and balance were improved by the implementation of 
MP. After the intervention of MP, there was a tendency 
for improvement in the items of flexibility at the third 
measurement. In addition, although no significant difference 
was found, a significant difference was also found in the 
FFD item measured with a movement similar to the Smooth 
Squat to Stand. Furthermore, improvement was also seen 
in the flexibility of SLR and leg tilt angle, which measures 
the tightness of the hamstrings and triceps, respectively. 
Flexibility is considered an internal factor in the occurrence 
of sports injuries, thus increasing and improving flexibility 
may lead to a decrease in the occurrence of injuries [18-20].

The results of the mSEBT, which measures dynamic 
balance ability, showed a tendency to improve over the two 
months of intervention, with a significant improvement 
in the forward reach rate. In a previous study using the 
mSEBT [11, 21], a correlation was found between the ankle 
dorsiflexion angle and the forward reach rate. Similarly, 
we found that the ankle dorsiflexion angle correlated with 
the forward reach component of the mSEBT in our study. 
The calf-stretching performed in the W-up program of this 
study was intended to improve the flexibility of the posterior 
muscles of the lower leg, and this may have contributed to 
the improvement of the anterior reach rate by expanding 
the lower leg tilt angle. In addition, it is said that a decrease 
in the anterior reach rate is related to sports injuries of the 

Table 2. Comparison of Changes in Physical Measurements Between the CP and IP

P-value

1st 2nd 3rd test 
results

1st
vs

2nd

2nd
vs

3rd

1st
vs

3rd

SLR (°) 
Kicking legs 75.0 (70.0-80.0) 80.0 (75.0-90.0) 90.0 (84.0-100.0) <0.001* <0.001* <0.001* <0.001*

Axle leg 75.0 (70.0-80.0) 80.0 (75.0-85.0) 89.0 (80.0-95.0) <0.001* <0.001* <0.001* <0.001*

FFD (cm) 8.1 (1.8-12.2) 9.3 (5.1-12.7) 9.5 (2.9-913.2) 0.521 - - -

HBD (cm) 
Kicking legs 2.0 (0.0-6.0) 5.0 (1.5-7.5) 2.0 (0.0-4.5) 0.006* 0.004* 0.003* 0.896

Axle leg 3.0 (0.0-5.0) 4.5 (0.0-7.0) 2.0 (0.0-5.5) 0.010* 0.009* 0.028* 0.745

the lower leg inclination angle (°) 
Kicking legs 31.0 (28.0-34.0) 35.0 (30.0-40.0) 40.0 (36.0-44.0) <0.001* <0.001* 0.051 <0.001*

Axle leg 30.0 (25.0-31.0) 35.0 (30.0-40.0) 40.0 (36.0-43.0) <0.001* <0.001* 0.002* <0.001*

mSEBT
anterior 

Kicking legs 74.6 (70.9-80.9) 84.8 (81.4-93.5) 89.0 (83.0-95.0) <0.001* <0.001* 0.043* <0.001*

Axle leg 75.2 (70.3-81.8) 86.5 (82.8-93.6) 90.2 (84.9-94.0) <0.001* <0.001* 0.101 <0.001*

mSEBT
posterior lateral

Kicking legs 114.9 (107.4-121.7) 110.7 (106.5-118.3) 113.0 (108.7-118.7) 0.094 - - -

Axle leg 113.0 (108.2-118.2) 108.3 (102.5-117.8) 113.6 (110.3-121.2) 0.001* 0.001* 0.002* 0.974

mSEBT
posterior medial

Kicking legs 107.1 (102.6-114.2) 101.9 (98.0-107.8) 106.3 (103.8-110.5) 0.002* 0.004* 0.002* 0.547

Axle leg 105.5 (101.8-113.3) 103.0 (95.3-108.7) 106.3 (102.8-111.9) 0.070 - - -

vertical jump  (cm) 46.5 (45.0-49.0) 48.5 (45.0-51.0) 51.0 (48.0-55.0) <0.001* 0.011* <0.001* <0.001*

40m sprint (sec) 5.8 (5.6-5.9) 5.8 (5.6-6.0) 5.7 (5.6-5.9) 0.401 - - -
mSEBT : modified Star Excursion Balance Test, SLR : Straight Leg Raising, FFD : Finger Floor Distance, HBD : Heel Buttock Distance
Median (1st-3rd quarter), *P<0.05
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ankle and knee joints [9-12]. In this study, we believe that an 
increase in the anterior reach rate reduced the incidence of 
lower limb injuries by approximately 34%.

Limitations

A limitation of this study is that all physical measurements 
were taken outdoors. Considering that temperature and 
humidity could affect the results of the measurement, it 
would have been ideal to have a consistent environment 
for measurement indoors. However, since this study was 
conducted during club activities, the measurements had to 
be taken outdoors to reduce the impact on club activities. 
Therefore, environmental factors may have affected the 
results of the physical measurements. Since the duration of 
this study was short, it is necessary to continue investigating 
the occurrence of sports injuries for long-term verification 
and prevention.

CONCLUSIONS 

MP was used as a W-up to examine its effectiveness in pre-
venting sports injuries and disorders and changes in physi-
cal function. There was no statistically significant difference 
in the number of incidents of trauma and disability between 
CP and IP, and we could not fully confirm the effectiveness 
of MP as a W-up in the prevention of sports trauma and disa-
bility. However, when comparing the percentages calculated 
from the number of injuries and disabilities, the incidence 
of injuries and disabilities was lower in IP. In particular, the 
incidence of trauma and disability during practice and the 
incidence of trauma and disability caused by non-contact 
types were found to be significantly reduced.

MP contributed not only to the improvement of flexibil-
ity, but also to the improvement of balance function related 
to flexibility. Therefore, it may be possible to prevent sports 
injuries by clarifying muscle stiffness, which is closely relat-
ed to factors of sports injuries, and adding new MP to the 
W-up to improve muscle stiffness.
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