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Abstract: This study aimed to examine prospectively the relationship between the deep squatting
test and medial elbow injuries in elementary school baseball players and to determine the usefulness
of the lower extremity field test in throwing injuries. The participants were 254 players who had
participated in preseason medical checkups in both 2019 and 2020 and had no problems with the
2019 medical checkups. The evaluation parameters included ultrasonography examination, physical
examination, and three types of deep squatting tests. The success rate of deep squatting tests was
significantly lower in the injured group than in the non-injured group in the medial elbow injuries.
By the difficulty level, the backward test in the deep squatting test was more likely to predict medial
elbow injuries than the forward and middle tests. Furthermore, there was a significant difference
in the squatting test and medial elbow injuries by grades. In conclusion, this is the first prospective
study to provide evidence that the deep squatting tests, classified by difficulty level, can predict
the risk of subsequent medial elbow injuries in elementary school players. The deep squatting test
may be useful as a field test for lower extremity flexibility that can be performed by athletes and
instructors, as it can predict the risk of subsequent medial elbow injuries.

Keywords: field tests; deep squatting test; medial elbow injuries; baseball player; longitudinal study

1. Introduction

The early detection and prevention of sports injuries play a critical role in reducing
sports injuries and enhancing exercise performance. Field tests have been used for screening
to predict sports injuries [1–7]. The field test is a simple test to predict the risk factors
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for sports injuries from physical conditioning. For baseball players, shoulder and elbow
injuries are major problems, and the development of tests for early detection is necessary.

Previous studies have reported that risk factors for shoulder and elbow pain and
injuries are decreased range of motion (ROM) and side-to-side differences in horizontal
adduction in the shoulder, lack of shoulder external rotation, preseason total shoulder
rotation deficit, and muscle strength of external rotation of the shoulder [8–13]. With regard
to the lower extremities, throwing-related shoulder and elbow injuries have also been
reported to be significantly associated with dysfunction of the trunk and lower extremities,
including hip ROM deficits, abnormal foot posture, and dynamic balance deficits [14–20].

A prospective study of youth baseball reported that shoulder external and internal
rotation strength was associated with elbow injuries [13]. On the other hand, another study
found no association between normalized elbow and shoulder muscle strength adjusted for
height in school-aged children [21], indicating that no consensus has been reached. In terms
of flexibility, a relationship between flexibility and injury has been reported in elementary
school children [17–20]. Therefore, focusing on flexibility, the relationship between the
ankle joint and throwing injuries has been unclear; however, in a recent prospective study
in elementary school children, Shitara et al. [22] found that a lack of ankle dorsiflexion ROM
in the back leg was a risk factor for shoulder and elbow injuries. Focusing on this aspect
may enable field testing to predict the risk of throwing injuries. However, in the functional
movement screen (FMS), one of the field tests, it has been reported that the FMS total score
did not predict injury because it was not significantly associated with core stability, muscle
strength, or muscle flexibility in elite college baseball players [23]. Moreover, the FMS total
score cannot be used for injury prevention in high school baseball players because of its
low sensitivity [24]. The FMS is a composite assessment consisting of seven movement
tests, and the deep squat, which includes ankle movements, also requires trunk flexibility,
which may prevent the extraction of risk factors for the ankle joints.

Yoshida et al. [25] evaluated ankle flexibility using the deep squatting test, which is
also used in Japanese musculoskeletal examinations and has high reliability in measure-
ment [26]. However, there have been very few studies that have prospectively examined
the relationship between the deep squatting test and elbow injuries in elementary school
baseball players. In addition, the deep squatting test is a simple method that does not
require any measuring equipment, so athletes can perform it themselves. This test can
also be graded according to the position of the upper extremities [25]. The forward test
is performed with the upper extremity held forward, the middle test is performed with
arms folded in front of the chest, and the backward test is performed with the hands
clasped behind the hips. These difference results in a different center of gravity position,
making the backward test more difficult than the forward and middle tests as a movement
task because the ankle joint must be more dorsiflexed, and the center of gravity moves
forward. To date, the deep squatting test has rarely been used to predict throwing elbow
injuries; however, a detailed relationship with elbow injuries may be found by examining
the test by difficulty levels. In fact, Okutani et al. [27] conducted a longitudinal study of the
relationship between medial elbow injuries and the backward test in the deep squatting
test in male elementary school students. However, because fifth and sixth grades were
included among the subjects, and these subjects were limited to a subset of players who
planned to continue playing baseball upon entering junior high school, it is possible that the
characteristics of that age group could not have been extracted adequately. Therefore, the
subjects of this study were considered to be baseball players who participated in pre-season
medical checkups and were in elementary school during the season.

This study aimed to examine prospectively the relationship between the deep squatting
test and medial elbow injuries in elementary school players who participated in youth
baseball medical checkups and to determine the usefulness of the lower extremity field
test in medial elbow injuries. In addition, to examine whether different difficulty levels
of the squatting test affected the occurrence of medial elbow injuries, we conducted three
different grades of deep squatting tests. Furthermore, since the flexibility of the lower
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extremities decreases during the growth period, we examined the relationship between the
deep squatting test and medial elbow injuries by grade in elementary school.

2. Materials and Methods
2.1. Participants

We provide annual preseason medical checkups for young baseball players who
belong to a prefecture baseball federation for early detection of physical problems. In this
longitudinal study, we recruited young male and female baseball players aged between
7 and 11 years during preseason medical checkups in 2019 and 2020 after explaining the
study in detail. Players who were in Japanese elementary school during the season and
who participated in preseason medical checkups in both 2019 and 2020 were included in
this study (Figure 1). Those who had no problems during the 2019 medical checkups were
considered. The exclusion criteria were as follows: (1) participants with lacked data for the
deep squatting test; and (2) participants having a positive ultrasonography examination
or physical examination in preseason medical checkups in 2019. The final sample size
included in the analysis was 254 participants (Figure 1), which visually represents the study
flow as a flowchart.

Int. J. Environ. Res. Public Health 2024, 21, x FOR PEER REVIEW 4 of 13 
 

 

 
Figure 1. Flow chart of the players included in this study. 

2.2. Medical Checkups 
Preseason medical checkups in 2019 were conducted in December 2018, and presea-

son medical checkups in 2020 were conducted in December 2019 and February 2020. Pre-
season medical checkups in 2019 were performed as baseline medical examinations to 
evaluate the elbow and lower extremities. The following parameters were evaluated: 
height, weight, ultrasonography examination, physical examination, and the deep squat-
ting test. The evaluation parameters in 2020 were ultrasonography examination and phys-
ical examination. 

2.3. Ultrasonography Examination and Physical Examination 
The examination included an ultrasonography of the medial elbow and a physical 

examination by an orthopedic surgeon, a clinical laboratory technician, and a physical 
therapist. Ultrasonography examination was performed according to the method of 
Harada et al. [28] The presence or absence of irregularity of the medial epicondyle of the 
humerus was checked, and those who showed irregularity, separation, or protrusion were 
classified as positive for ultrasonography examination. A physical examination, medial 
elbow tenderness test, and valgus stress test were also performed. In the medial elbow 
tenderness test, the medial epicondyle of the humerus was manually compressed, and the 
pain was defined as positive. In the valgus stress test, the elbow joint was immobilized, 
the forearm was placed in the external rotation position, and the elbow joint was flexed at 
three different angles (30°, 60°, and 90°) while external rotation was dynamically forced. 
The valgus stress test result was considered positive when the pain was observed at any 
angle. Any study participant who exhibited tenderness of the medial elbow or valgus 
stress was also classified as positive for physical examination. Ultrasonography examina-
tion is widely used for the evaluation of elbow injuries and to assess morphological ab-
normalities of the bones and soft tissues in the elbow. Ultrasonography examination is 
capable of identifying previous elbow injuries caused by pitching irrespective of whether 
the elbow is painful when the scan is performed. In contrast, the medial elbow tenderness 
test and the valgus stress test are physical assessments used to confirm pain during eval-
uation [29]. In this study, we combined the assessment of chronic elbow stress and acute 
pain to examine new injuries that occurred within one year. Therefore, medial elbow in-
juries were defined as a positive ultrasonography or physical examination during the 

Figure 1. Flow chart of the players included in this study.

To calculate the required sample size for the χ2 test, we used a medium effect size of
0.3 (w), a significance level of 0.05 (α), a power of 0.8 (β), and a 2 × 3 contingency table,
resulting in a required sample size of 108 participants. To further account for potential
attrition, we estimated an additional 10% non-participation in the following year, 10% data
loss, and 30% exclusion due to positive medial elbow injuries. This required recruiting
more than 200 participants.

Before the experiment, the purpose and procedure were explained to the participants
and their parents or guardians, and written informed consent was obtained in advance
from both the participants and their parents or guardians. This study was also conducted
with the approval of the Ethics Committee of the Kyoto Institute of Technology and in
accordance with the Declaration of Helsinki (Protocol 15 Number 2018).
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2.2. Medical Checkups

Preseason medical checkups in 2019 were conducted in December 2018, and preseason
medical checkups in 2020 were conducted in December 2019 and February 2020. Preseason
medical checkups in 2019 were performed as baseline medical examinations to evaluate
the elbow and lower extremities. The following parameters were evaluated: height, weight,
ultrasonography examination, physical examination, and the deep squatting test. The eval-
uation parameters in 2020 were ultrasonography examination and physical examination.

2.3. Ultrasonography Examination and Physical Examination

The examination included an ultrasonography of the medial elbow and a physical
examination by an orthopedic surgeon, a clinical laboratory technician, and a physical
therapist. Ultrasonography examination was performed according to the method of Harada
et al. [28] The presence or absence of irregularity of the medial epicondyle of the humerus
was checked, and those who showed irregularity, separation, or protrusion were classified
as positive for ultrasonography examination. A physical examination, medial elbow
tenderness test, and valgus stress test were also performed. In the medial elbow tenderness
test, the medial epicondyle of the humerus was manually compressed, and the pain was
defined as positive. In the valgus stress test, the elbow joint was immobilized, the forearm
was placed in the external rotation position, and the elbow joint was flexed at three different
angles (30◦, 60◦, and 90◦) while external rotation was dynamically forced. The valgus
stress test result was considered positive when the pain was observed at any angle. Any
study participant who exhibited tenderness of the medial elbow or valgus stress was also
classified as positive for physical examination. Ultrasonography examination is widely
used for the evaluation of elbow injuries and to assess morphological abnormalities of the
bones and soft tissues in the elbow. Ultrasonography examination is capable of identifying
previous elbow injuries caused by pitching irrespective of whether the elbow is painful
when the scan is performed. In contrast, the medial elbow tenderness test and the valgus
stress test are physical assessments used to confirm pain during evaluation [29]. In this
study, we combined the assessment of chronic elbow stress and acute pain to examine
new injuries that occurred within one year. Therefore, medial elbow injuries were defined
as a positive ultrasonography or physical examination during the preseason medical
checkups in 2020. To identify and analyze variations between injured and non-injured
players, participants were classified into injured and non-injured groups based on the 2020
preseason medical checkups.

2.4. Deep Squatting Test

For the field test, three types of squatting tests were conducted based on the methods
described by Yoshida et al. [25]. The starting extremities position for the test was the
standing position with the medial sides of both feet and knees grounded. The participants
were asked to sit in a deep squatting posture with their heels down and to maintain the
posture for more than 5 s with the upper extremities held forward in the forward deep
squatting test, with arms folded in front of the chest in the middle deep squatting test
and with hands folded at the waist in the backward deep squatting test. The criteria were
as follows: (1) inability to hold the posture until the hips and heels were close together,
(2) both knees apart, (3) heels off the ground, and (4) failure to hold for 5 s. Tests were
taken barefoot.

2.5. Questionnaire

A questionnaire survey was used to investigate the participants’ competitive experi-
ence, the frequency of training sessions per week, and the maximum full-strength pitch
count on a single day during the week. The frequency of training sessions per week was
scored on a five-point scale, ranging from one to seven sessions, and the maximum full-
strength pitch count in a single day during the week was scored on an eight-point scale,
ranging from less than 40 pitches to 100 pitches or more.
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2.6. Statistical Analysis

Baseline characteristics are reported as mean ± standard deviation. Group differences
in the baseline characteristics between injured and non-injured groups were evaluated using
an independent two-tailed t-test. We used the chi-square test to investigate the difference
between the grades in the percentage of medial elbow injuries and the percentage of
successful squatting tests. Residual analysis was performed to identify specific cells that
contributed the most to the chi-square test results. The chi-square test was used to examine
the impact of the results of the deep squatting test on the results of the medical checkup,
which were examined longitudinally. All statistical analyses were performed using SPSS
version 27 (IBM Japan, Ltd., Tokyo, Japan). All statistical tests were two-sided with a
significance level set at p = 0.05.

3. Results
3.1. Characteristics of Participants

A total of 401 players belonging to grades 2–4 participated in the 2019 preseason
medical checkups, of whom 357 also participated in the 2020 preseason medical checkups.
Of these, 254 players (241 males, 13 females) who were non-injured in 2019 were enrolled
in the study, excluding 28 with missing data.

No significant differences were observed in age, height, or weight between the in-
jured and non-injured groups (Table 1). The competitive experience of the participants
was 1.5 ± 1.0 years. The weekly frequency of training was twice per week for 75.8% of
participants (Table 2).

Table 1. Baseline characteristics of study participants.

Medical Check-Ups

Non-Injured Injured

Mean SD Mean SD p

Age (year) 8.9 0.9 9.0 0.8 0.644
Height (cm) 132.6 6.8 133.1 7.2 0.753
Weight (kg) 29.2 5.1 29.5 4.9 0.154

SD: standard deviation.

Table 2. Frequency of training and pitch count by grades in elementary school.

All Second-Grade Third-Grade Fourth-Grade

Competitive experience 1.5 ± 1.0 0.9 ± 0.7 1.5 ± 0.9 1.8 ± 1.1
Weekly frequency of training

1 day 1 (0.4) 0 (0.0) 1 (1.1) 0 (0.0)
2 days 188 (75.8) 46 (83.6) 69 (72.6) 73 (74.5)

3–4 days 41 (16.5) 8 (14.5) 17 (17.9) 16 (16.3)
5–6 days 9 (3.6) 0 (0.0) 6 (6.3) 3 (3.1)

7 days 9 (3.6) 1 (1.8) 2 (2.1) 6 (6.1)
Full-strength pitch count in one day

<40 85 (36.2) 24 (45.3) 33 (36.3) 28 (30.8)
<50 48 (20.4) 13 (24.5) 19 (20.9) 16 (17.6)
<60 25 (10.6) 4 (7.5) 10 (11.0) 11 (12.1)
<70 22 (9.4) 3 (5.7) 8 (8.8) 11 (12.1)
<80 10 (4.3) 0 (0.0) 6 (6.6) 4 (4.4)
<90 2 (0.9) 1 (1.9) 1 (1.1) 0 (0.0)

<100 21 (8.9) 4 (7.5) 7 (7.2) 10 (11.0)
≥100 22 (9.4) 4 (7.5) 7 (7.2) 11 (12.1)

Values for competitive experience are the mean ± standard deviation. The values for the weekly frequency of
training and full-strength pitch count in one day are presented as frequencies. Figures in parentheses show the
percentage of the participant or grade universe.
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3.2. Medial Elbow Injuries

The incidence of medial elbow injuries was 21.7% (n = 55; Figure 1). There were no
significant differences in medial elbow injuries between the grades (Table 3). The incidence
of ultrasound findings was 17.3%, with significant differences observed between grades
(χ2 = 6.669, p = 0.036). The incidence of the medial elbow tenderness test was 3.1%, with
no significant differences observed between grades. The incidence of the Valgus stress
test was 4.3%, with no significant differences observed between grades (Table 3). In the
ultrasonography examination, medial elbow tenderness test, and Valgus stress test, there
were participants who tested positive in multiple assessments.

Table 3. Medial elbow injuries by grades in elementary school.

All Second-Grade Third-Grade Fourth-Grade χ2 p

n 254 55 97 102
Medial elbow injuries 55 (21.7) 6 (10.9) 23 (23.7) 26 (25.5) 4.870 0.088
Ultrasound findings 44 (17.3) 4 (7.3) 16 (16.5) 24 (23.5) 6.669 0.036 *

Medial elbow tenderness test 8 (3.1) 1 (1.8) 5 (5.2) 2 (2.0) 2.071 0.355
Valgus stress test 11 (4.3) 2 (3.6) 7 (7.2) 2 (2.0) 3.396 0.183

Figures in parentheses show the percentage of the participant or grade universe. *, p < 0.05.

3.3. Deep Squatting Test

The results of the deep squatting tests conducted during the first year are listed in
Table 4. The success rate of the squatting test was 86.6% (n = 220) for the forward test, 81.1%
(n = 206) for the middle test, and 55.5% (n = 141) for the backward test. There were no
significant differences between grades in the forward, middle, and backward tests.

Table 4. Successful participants in forward, middle, and backward squatting tests by grades.

All Second-
Grade

Third-
Grade

Fourth-
Grade χ2 p

n 254 55 97 102
Forward test 220 (86.6) 48 (87.3) 84 (86.6) 88 (86.3) 0.031 0.985
Middle test 206 (81.1) 46 (83.6) 76 (78.4) 84 (82.4) 0.814 0.666

Backward test 141 (55.5) 37 (67.3) 52 (53.6) 52 (51.0) 4.071 0.131
Figures in parentheses show the percentage of the participant or grade universe.

The success rate in the forward, middle, and backward squatting tests by the medical
checkup group is shown by all and grade (Table 5). For the forward test, there was no
significant difference in success rates between the non-injured and injured groups, but for
the middle and backward tests, the injured group had significantly lower success rates than
the non-injured group. (forward test: χ2 = 2.649, p = 0.104; middle test: χ2 = 6.608, p = 0.010;
backward test: χ2 = 10.422, p = 0.001). By grade, there was no significant difference in
either test between the non-injured and injured groups in the fourth grade (forward test:
χ2 = 1.073, p = 0.300; middle test: χ2 = 0.123, p = 0.726; backward test: χ2 = 0.629, p = 0.410).
However, in the second and third grades, there were significant differences between groups
on all tests (forward test, second grade: χ2 = 8.423, p = 0.004; forward test, third grade:
χ2 = 4.180, p = 0.041; middle test, second grade: χ2 = 12.452, p < 0.001; middle test, third
grade: χ2 = 5.431, p = 0.020; backward test, second grade: χ2 = 13.844, p < 0.001; and
backward test, third grade: χ2 = 12.312, p < 0.001).
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Table 5. Number of successful participants in forward, middle, and backward squatting tests by
medical check-up groups.

Medical Check-Ups

Non-Injured Injured χ2 p

All
n 199 55

Forward test 176 (88.4) 44 (80.0) 2.649 0.104
Middle test 168 (84.4) 38 (69.1) 6.608 0.010 *

Backward test 121 (60.8) 20 (36.4) 10.422 0.001 **
Second-grade

n 49 6
Forward test 45 (91.8) 3 (50.0) 8.423 0.004 **
Middle test 44 (89.8) 2 (33.3) 12.452 <0.001 **

Backward test 37 (75.5) 0 (0.0) 13.844 <0.001 **
Third-grade

n 74 23
Forward test 67 (90.5) 17 (73.9) 4.180 0.041 *
Middle test 62 (83.8) 14 (60.9) 5.431 0.020 *

Backward test 47 (63.5) 5 (21.7) 12.312 <0.001 **
n 76 26

Forward test 64 (84.2) 24 (92.3) 1.073 0.300
Middle test 62 (81.6) 22 (84.6) 0.123 0.726

Backward test 37 (48.7) 15 (57.7) 0.629 0.428
Figures in parentheses show the percentage of the participant universe. *, p< 0.05; **, p < 0.01

4. Discussion

We prospectively investigated the relationship between the deep squatting test and
medial elbow injuries in elementary school baseball players. In this study, the success rate
of the deep squatting test was significantly lower in the injured group than in the non-
injured group. Shitara et al. [22] found that a lack of ankle dorsiflexion ROM is a risk factor
for shoulder and elbow injuries. In the present study, we performed a deep squatting test as
a field test to evaluate ankle flexibility and found that it was associated with medial elbow
injuries. To our knowledge, this is the first prospective study to provide evidence that the
deep squatting test by the difficulty level can predict the risk of subsequent medial elbow
injuries in elementary school players. This evidence may contribute to the development of
new strategies for throwing injury prevention programs.

While this study cannot definitively determine why the inability to squat increases
the risk of injury, there are some potential explanations. The throwing motion is known
to be a whole-body movement based on a kinetic chain involving the lower extremities,
trunk, and upper extremities [30]. The force generated by the lower extremities of the
body during throwing is transferred via the kinetic chain through the core, shoulder, elbow,
and ultimately, the hand before ball release [31–33]. Previous studies have suggested that
disruptions in the kinetic chain may lead to upper extremity injuries, with reports indicating
that a reduction in the range of motion of lower extremities joints may specifically impact
throwing mechanics [18–20,34]. Hamano et al. [20] conducted a prospective study on
elementary and junior high school students, identifying a reduced hip range of motion as a
risk factor for shoulder and elbow injuries. An inadequate hip range of motion may alter
throwing mechanics, leading to a reduced transfer of energy from the lower to the upper
extremities, thereby increasing the load on the upper extremities [19]. Specifically, limited
hip ROM has been suggested to increase valgus torque on the elbow, potentially elevating
the risk of medial elbow injuries.

Shitara et al. [22] found that a lack of ankle dorsiflexion ROM in the back leg during
pitching motion is a risk factor for shoulder and elbow injuries. Additionally, they indicated
that dysfunction in the ankle joint significantly impacts kinetic changes in adjacent segments
or beyond. When transferring accumulated force into kinetic energy through the loading
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of weight in the foot and ankle during the transition from the wind-up phase to the
arm-cocking phase, appropriate dorsiflexion of the ankle on the back leg is required.
Consequently, even a slight restriction in dorsiflexion of the rear leg ankle may have
resulted in a loss of kinetic energy, suggesting a possible contribution to the development
of throwing-related injuries. The results of these longitudinal studies suggest that a limited
range of motion in the hip and ankle may increase valgus torque on the elbow from a
kinetic chain perspective, thereby potentially elevating the risk of medial elbow injuries. In
this study, a squatting test was conducted to provide a simple evaluation of ankle flexibility.
If an individual is unable to perform the squatting test, it is possible that reduced ankle
flexibility disrupts the kinetic chain, leading to compensatory movements that increase
stress on the medial elbow. In other words, compensatory motions resulting from an
inability to squat can contribute to a breakdown in throwing form, potentially increasing
the risk of injuries. This suggests that the inability to perform a squat may elevate the risk of
medial elbow injuries. According to previous studies, the total FMS score has been reported
to be ineffective in predicting injury in high school and college baseball players [23,24].
Because the FMS is a composite score composed of seven basic movement tests, it may not
be sufficient to identify specific movement patterns associated with poor throwing form.
Additionally, the deep squat component of the FMS, which requires holding a bar overhead
with extended arms, demands trunk strength and flexibility, potentially limiting its ability
to identify risk factors for the ankle joints.

In addition, we attempted to examine the relationship between the difficulty of squat-
ting and elbow injuries. In this study, we performed three types of deep squatting tests. The
results showed that the backward test was better at predicting medial elbow injuries than
the forward and middle tests. The success rates of the forward and middle tests were higher
than that of the backward test. Yoshida et al. [25] reported that the ankle dorsiflexion ROM
in a cohort of young males and females during forward, middle, and backward squatting
was 41 ± 4.6◦, 46 ± 4.9◦, and 49 ± 8.6◦, respectively, with a significant difference observed
between forward and backward squatting. Hence, performing the backward squatting
requires more flexibility of ankle dorsiflexion. Additionally, Shitara et al. [22] found that
a lack of ankle dorsiflexion ROM in the back leg is a risk factor for shoulder and elbow
injuries. Although our results showed significantly more backward and middle tests than
forward tests, considering the previous results [22,25], the forward and middle tests cannot
predict medial elbow injuries. The backward test requires higher flexibility and a higher
level of ankle flexibility has been associated with elbow injuries. Thus, the backward test is
a more useful field test for predicting medial elbow injuries in elementary school players.

We also examined the results by grade level and found grade differences in the
relationship between the deep squatting test and medial elbow injuries. Previous studies
have reported considerable variability in throwing mechanics among young athletes [35].
The participants in this study were elementary school students from second to fourth
grade, training approximately twice per week. Considering the participants’ age range and
training frequency, it seems unlikely that their throwing mechanics are fully developed
or stable. In this study, despite the presumed instability in throwing mechanics among
second and third graders, a relationship between deep squatting test and elbow injuries
was found. This suggests that limited ankle flexibility may disrupt the kinetic chain and
lead to improper throwing mechanics, potentially resulting in elbow injuries. In contrast,
in the fourth grade, there was no significant difference in the success rate between groups
in the forward, middle, and backward tests. In the backward test, 58% of players in the
injured group were able to squat, suggesting that, beyond disruptions in the kinetic chain
due to reduced ankle flexibility, other factors may also have contributed to poor throwing
mechanics. According to previous studies, excessive lateral trunk flexion, early trunk
rotation, a low elbow position during throwing, or a reliance on arm motion alone have
been reported as causes of poor form [36–38]. These factors may also be at play.

Previous studies have reported a significant association between trunk or lower ex-
tremity dysfunction and elbow or shoulder injuries in overhead athletes, such as volleyball,
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handball, and tennis players [34,39]. Specifically, young overhead athletes with pain in the
hip, knee, or foot are more likely to experience elbow or shoulder pain than those without
pain [34], suggesting a critical link between dysfunction of trunk or lower extremities and
upper extremity injuries. Therefore, the association between the squatting test and medial
elbow injuries observed in this study may be applicable to other overhead sports, including
tennis, handball, and volleyball, in addition to baseball.

This study had several limitations. Because the ROM of the lower extremity was
not measured, it was not possible to determine which parts of the lower extremity were
associated with the medial elbow. In this study, we did not observe pitching form, so
we could not determine whether disruptions in the kinetic chain due to reduced ankle
flexibility led to poor form and injury in the fourth grade, or whether pitching form
problems caused by other factors were responsible for the injuries. Future research should
clarify how the deep squatting test influences pitching form and injury occurrence. In
particular, examining differences in pitching form and injury risk based on the ability to
perform the deep squatting test may demonstrate the utility of the test, even at grade levels
where no associations were observed in this study. Furthermore, this work highlights the
importance of training methods, skill development, and technical education tailored to
elementary school children. Addressing these limitations in future studies will strengthen
understanding in this area.

5. Conclusions

This study aimed to examine prospectively the relationship between the deep squatting
test and medial elbow injuries in elementary school players who participated in youth
baseball medical checkups and to determine the usefulness of the lower extremity field test
in medial elbow injuries. The incidence of new medial elbow injuries among elementary
school baseball players was 21.7%. Among elementary school players, the success rate of
squatting tests was significantly lower in the injured group than in the non-injured group.
The difficulty results showed that the backward test was more likely to predict obstacles
than the forward and middle tests. Furthermore, differences were found between grades,
with a relationship between the squatting test and medial elbow injuries in the second and
third grades but not in the fourth grade. The squatting test may be useful as a field test
for lower extremity flexibility that can be performed by athletes and instructors, as it can
predict the risk of subsequent medial elbow injuries to some extent.
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