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Abstract: Bat swing velocity (BSV) is an imperative element of a successful baseball hitting perfor-
mance. This study aimed to investigate the anthropometric and physiological variables associated
with BSV and explore strength and conditioning programs to increase BSV in collegiate baseball
players. Seventy-eight collegiate baseball players (mean age ± SD, 19.4 ± 1.0 years) participated in
this study. Maximum BSV (km/h) was measured using Blast Baseball (Blast Motion Inc., Carlsbad,
CA, USA). The anthropometric and physiological variables measured were height, body mass, lean
body mass, grip strength, back muscle strength, the 30 m sprint, standing long jump, and backward
overhead medicine ball throwing. Analysis using Pearson’s product-moment correlation coefficient
showed a weak but significant positive correlation between all anthropometric measurements to BSV.
Significant relationships existed between physiological variables of hand grip, back muscle strength,
and backward overhead medicine ball throwing, but not the standing long jump and 30 m sprint.
These data show that BSV is related to anthropometric and physiological variables, particularly
upper and lower body strength and full-body explosive power. Based on the results of this study, we
designed examples of sound training programs to increase BSV. Strength and conditioning coaches
may want to consider using this information when designing a training program for collegiate
baseball players.

Keywords: baseball; bat swing velocity; strength and conditioning; training; batting performance

1. Introduction

Baseball is a popular sport around the world. Recently, many Japanese professional
baseball players have played in the U.S. Major League Baseball (MLB), which is the highest
level of professional baseball [1]. Their great performance draws the attention, excitement,
and interest of basketball fans watching or playing baseball. This sport is played between
two teams (i.e., batting and fielding teams). The objective of the game is to hit a pitched ball
out of reach of the fielding team and to score a ‘run’. The team that scores the most runs
wins the game. To hit a ball a long distance, hitters need to have a fast bat swing velocity
(BSV). Three benefits of increased BSV are (1) increased decision time (i.e., the time between
recognizing the pitched ball and deciding to swing the bat), (2) decreased swing time, and
(3) increased batted ball velocity [2]. The BSV is correlated with successful hitting; thus, it
has been regarded as a major indicator of batting performance [2–7]. The BSV is produced
by the hitter’s rotation motion around the longitudinal axis [8].

Previous research has shown that torso rotation strength helps increase BSV [9]. This
baseball-specific rotational motion is achieved through the sequential recruitment of large
muscles from the legs up to the hips and torso, which transfer momentum to the upper
body segments [2,9,10]. Katsumata [11] explained the structure of the hitting movement
as producing a “ground reaction force”, a powerful bat swing, and timing. A baseball
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batter takes a step with his front foot in the direction of a pitcher and shifts weight forward
to the front foot, fixing the front foot on the ground for hip and upper body rotation.
Researchers have reported significant correlations between lower body strength [9,11,12],
torso rotational strength [13], and BSV in youth and collegiate baseball players. Kohmura
et al. [14] showed that the strength of the lower extremity and back muscle is an important
component of BSV in Japanese collegiate baseball players.

Strong associations have been identified that increasing muscle strength results in
overall muscle volume in various resistance training programs [15,16]. Thus, increasing
BSV may be positively correlated not only with muscle strength and power but also with
increasing muscle volume [17]. Hoffman et al. [18] assessed anthropometric (i.e., height,
body mass, % body fat, and lean body mass) and physiological (i.e., grip strength, vertical
jump power, 10-yard sprint speed, and agility) variables at the beginning of spring train-
ing during a 2-year period in 343 professional baseball players. The results of this study
indicated that lean body mass, grip strength, speed, and lower-body power were corre-
lated with baseball-specific performance variables (i.e., home runs, total bases, slugging
percentage, and stolen bases). Agility, speed, and lower-body power provided the great-
est predictive power to baseball-specific performance variables. Szymanski et al. [7] also
investigated anthropometric, physiological performance variables (i.e., rotational power,
rotational strength, vertical jump, estimated peak power, upper and lower body strength,
and angular hip and shoulder velocities) and the BSV of high-school baseball players before
and after performing 12 weeks of resistance training during the off-season (fall semester).
They reported that anthropometric variables were related to BSV, suggesting that a taller,
heavier, and greater lean body mass in high-school baseball players had a faster BSV. Based
on the results of this and their previous studies, the practical application for generating
hitting power was recommended. Comprehensive strength and conditioning programs
were designed, such as full body resistance training and rotational medicine ball exercises,
which were incorporated into regular practices of various baseball fielding tasks, like hitting
and throwing [19]. To improve hitting performance, baseball players commonly performed
a hitting drill [20,21]. DeRenne et al. [22] suggested the combination of weight training and
hitting drill protocols on BSV that could be included, such as (1) batting practice in their
on-field preseason and (2) dry swing protocol in the weight training sessions of collegiate
baseball players.

Baseball coaches and players use baseball-specific training to become better baseball
players. Baseball-specific training is training that helps baseball players to apply their
strength and power to the batting motion. The main purpose of this training is two-fold:
the first is the training of “on and off” muscle contractions and learning which parts of
the muscles contract and relieve at any given time in the batting motion. The second
purpose is training to create momentary power when needed. This training enhances
the appropriate muscle contraction and strength at the “right time”, creating explosive
power that transfers to BSV. The batting motion begins with the lower limbs and transfers
this power in a series of steps to the torso, upper limbs, and then to the bat [9,10]. Now,
baseball players vary widely in terms of individuality. We hypothesize that there are
a few types of baseball players in terms of body composition, strength, and power for
building individualized training content. Therefore, the purpose of the present study
was to investigate the relationship between anthropometric, physiological variables and
BSV in collegiate baseball players. Additionally, the novelty of the present study was to
present some examples of baseball-specific strength and conditioning training based on
our findings on types of baseball players. These baseball-specific training strategies could
be implemented to optimize competitive performance in collegiate baseball players.

2. Materials and Methods
2.1. Study Design

A correlational study design was used to examine a possible relationship between
various anthropometrics (i.e., height, body mass, % body fat, lean body mass) and phys-
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iological performance (i.e., muscle strength, total and lower body power, and agility) to
BSV. We hypothesized that anthropometric and physiological performance variables could
be an effective predictor of greater BSV. All testing was conducted by certified strength
and conditioning specialists during the off-season training period (December 2022). All
procedures were approved by the Osaka Metropolitan University Institutional Ethical
Review Board (IRB # 22-65).

2.2. Participants

Seventy-eight male baseball players were recruited through verbal and email contact.
Their team was a member of the Hanshin University Baseball League, which is a Division I
collegiate baseball league in Japan. All participants met the following inclusion criteria:
male collegiate baseball players aged 18 to 25 years free of any musculoskeletal injuries and
medical conditions within the preceding 6 months that prevented participation in baseball.
Participants were excluded if they had a current injury preventing them from competing
in baseball. Each participant received the purpose of the study and measurement details,
risks, and benefits prior to participating in the experiments. Written informed consent
was obtained from all participants. Participants completed a short questionnaire, which
included their age, the year of experience that they played baseball, and positions of play.

2.3. Anthropometric and Body Composition Assessment

Body weight (kg) and height (cm) were recorded to the nearest decimal to calculate
body mass index (BMI) (kg/m2). Body weight, body fat, and lean body mass were measured
with a single-frequency bioelectrical impedance analyzer (BC-118, Tanita, Tokyo, Japan).
During the assessment, the participants wore light baseball training wear without socks.
Participants stood on the measurement stand on a platform with normal breathing and
no movement during the measurement. Height was measured with a stadiometer to the
nearest 0.5 cm.

2.4. Batting Performance Test

Before testing, each participant performed warm-up swings and dynamic stretches
of the arms, lower back, legs, and knees for about 3 min. Dynamic stretches increase
muscle temperature, expand the range of motion, and enhance muscle strength [23]. Swing
velocity was measured using a Blast Motion baseball swing sensor (Blast Motion Inc.,
Carlsbad, CA, USA), which was mounted on the tail of a bat (Figure 1A). Each participant’s
swing speed data were calculated from the displacement of the coordinates of a position
away from the bat head in the direction of the tail [24]. The accuracies of swing speed
measured using the Blast Motion sensor have shown high reliability with an optical motion
capture system, suggesting its usefulness for evaluating differences in swing speeds among
collegiate players [25]. Each participant stood in a simulated batter’s box, facing a ball
and rotating their torso while swinging. A baseball was attached to a tee stand on a home
plate to simulate a real hitting situation. Participants were instructed to hit the ball straight,
keeping the bat parallel to the ground, swing as hard as they could, and ensure swinging
with follow through, i.e., letting the bat slow down as it crossed in front of their chest
(Figure 1B). If they had an air swing or missed the timing, participants were asked to
reattempt a hitting trial. After three maximal effort attempts, the highest score in kg/h
was recorded.
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Figure 1. (A) Baseball swing sensor attached to the tail of a bat. (B) Measurements of BSV using a
Blast Motion baseball swing sensor.

2.5. Physical Performance Tests
2.5.1. Handgrip Testing

Maximum grip strength was assessed using a GRIP-D (Takei Scientific Instruments
Co., Ltd., Niigata, Japan) [26]. The participant’s right and left hands were assessed. The
width of the dynamometer handle was adjusted according to the individual’s preference.
Each participant stood still and upright, looking ahead, and the hand to be tested could
not be touched with the thigh or any part of the body. Participants were instructed to
perform a maximum effort attempt. During testing, verbal encouragement was given to the
participants to obtain their best score. Four measurements were taken, and each one was
supposed to last a few seconds [27,28]. Participants performed the first 2 measurements in
a row: one with the dominant hand and the other with the non-dominant hand. Then, one
minute of rest was allotted before the 2 measurements were repeated. The highest scores of
both hands were recorded in kilograms (kg).

2.5.2. Back Muscle Strength Testing

We determined back muscle strength from the maximal isometric strength of the trunk
muscles in a standing position with 30 degrees lumbar flexion [29] and the knees extended
using a digital back muscle strength meter, BACK-D (Takei Scientific Instruments Co., Ltd.,
Niigata, Japan) [30] (Figure 2). We confirmed the intra-rater reliability of back muscle
maximum strength by measuring 11 healthy participants three times. Intra-rater reliability
was high with ICC of 0.980. Each study participant performed one maximal attempt, and
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data were recorded in kg. In case a participant wanted to repeat the test, he was allowed to
repeat the test after a minute’s break. Only one participant tried to repeat the test, but data
were not recorded in this study.
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Figure 2. Back muscle strength measurement.

2.5.3. Standing Long Jump

The standing long jump is a simple, reliable test to measure lower leg power [31,32]. Par-
ticipants stood with both feet behind the starting line. Subsequently, they were encouraged
to jump as far as possible, landing with both feet. They were not allowed to use arm swings
during the test. The maximal distance from the starting line to the landing point at heel
contact was measured in centimeters. Participants performed two attempts [33,34]. The
longest distance was used for data analysis.

2.5.4. The 30 m Sprint

Speed was assessed through a 30 m sprint test [35]. Sprint times were measured using
a 30 m straight track with markers for the starting and finishing lines. Dash measurements
were performed using a photoelectric tube sensor, Dashr Blue (Dashr-Motion Performance
Systems Inc., Lincoln, NE, USA). Participants performed warm-ups that included 2~3 min
of light jogging and various stretching exercises, including the lower legs, thighs, lower
back, and arms. All participants ran one trial. In case a participant had trouble at the start
or finished the test, the participant was allowed a re-test trial. The starting position was a
sideways standing start with the right side of the body toward the direction of running.

2.5.5. Backward Overhead Medicine Ball Throwing

A 3 kg medicine ball (LIND SPORTS Inc, Osaka, Japan) was used to determine the
full-body throwing power combining the upper and lower body [36–39]. At the beginning
of the test, participants stood with their feet shoulder-width apart and held the medicine
ball with arms straight in front of the body. Then, the hips and knees were flexed to
perform the countermovement before extending with rapid hyperflexion of the shoulders
to throw the ball overhead as far as possible. The distance between the participant and
the point where the ball first landed on the ground was measured in meters. Each throw
was recorded to the nearest 10 cm. Since our study participants were regularly engaged
in medicine ball throwing as part of their off-season strength and conditioning program,
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participants performed only two throws instead of 5 or 6 practice throws, as recommended
by Duncan et al. [39]. The longest distance was used for data analysis.

2.6. Statistical Analysis

Data are presented as group mean values ± SD. After confirming normality with the
Shapiro–Wilk test, Pearson’s product-moment correlation coefficient was used to evaluate
the correlation between BSV and each measurement item. Items that did not show normality
were evaluated using Spearman’s rank correlation coefficient. Multiple regression analysis
on BSV was performed using linearized equations for all subjects. In addition, we examined
whether there were differences in all the measured variables (i.e., anthropometric and phys-
ical performance) for BSV. BSV was divided into three groups: Fast BSV (112.0 ± 4.0 km/h),
Middle BSV (104.9 ± 1.4 km/h) and Slow BSV (98.8 ± 2.8 km/h). Comparisons of the
groups were performed using the Kruskal–Wallis test and the Dunn-Bonferroni correction
was used for the post hoc test. A p-value less than 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS (IBM SPSS statistics, Version 28,
Armonk, NY, USA).

2.7. Ethics

This study was conducted in accordance with the tenets of the Declaration of Helsinki.
Ethical approval was obtained from the Ethics Committee of the School of Human Life
Science, Osaka City University (approval number 21-42, approved on 13 October 2021).

3. Results

A total of 78 male collegiate baseball players were included in the study. The results
of anthropometric, batting performance, and physical performance tests are presented in
Table 1. The mean age of participants was 19.4 ± 1.0 years (mean ± SD). All were identified
as Asian, living in Japan, and they had been playing baseball since childhood. The mean
BSV (km/h) of all players (n = 78) was 105.2 ± 6.1. The range of BSV was 90.5 km/h to
123.3 km/h.

Table 1. Anthropometric, batting performance, and physical performance tests (n = 78, mean ± SD).

Variables Mean ± SD

Batting Performance
BSV (km/h) 105.2 ± 6.1

Anthropometric
Height (cm) 173.5 ± 5.0
Body mass (kg) 73.0 ± 7.7
Body mass index (kg/m2) 24.2 ± 2.2
Lean body mass (kg) 61.4 ± 4.8

Upper limb lean body mass (kg)

Top hand
(dominant) 3.3 ± 0.3

Bottom hand
(non-dominant) 3.3 ± 0.3

Lower limb lean body mass (kg) Drive leg 10.2 ± 0.7
Stride leg 10.2 ± 0.7

Torso lean body mass (kg) 31.0 ± 2.6
Physical performance

Hand grip (kg)

Top hand
(dominant) 47.1 ± 5.1

Bottom hand
(non-dominant) 48.0 ± 5.5

Back muscle strength (kg) 144.7 ± 20.9
Standing long jump (cm) 228.2 ± 30.9
30 m sprint (s) 4.4 ± 0.2
Backward overhead medicine ball throwing (m) 13.0 ± 1.5
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Table 2 shows the correlation between BSV and each measurement. The BSV had a
significant positive correlation with all anthropometric measurements (height, p = 0.002 and
all others, p < 0.001). For physical performance test variables, the BSV was significantly cor-
related with only grip strength (p = 0.003), back muscle strength (p < 0.001), and backward
overhead medicine ball throwing (p = 0.012). Figure 3 shows the correlation between BSV
(km/h) and back muscle strength (kg). Figure 4 shows the correlation between BSV (km/h)
and the total lean body mass (kg) in all participants. Table 3 shows multiple regression
analyses for factors influencing BSV. The BSV had a significant positive correlation with
only lean body mass (p < 0.001) and back muscle strength (p = 0.032).

Table 2. Correlation between BSV and each measurement.

Variables r p-Value

Anthropometric
Height (cm) 0.344 0.002
Body mass (kg) 0.500 <0.001
Body mass index (kg/m2) * 0.338 0.002
Lean body mass (kg) 0.542 <0.001
Upper limb lean body mass (kg)

Top hand (dominant) 0.594 <0.001
Bottom hand (non-dominant) 0.495 <0.001

Lower limb lean body mass (kg)
Drive leg 0.512 <0.001
Stride leg 0.491 <0.001

Torso lean body mass (kg) 0.526 <0.001
Physical performance

Hand grip(kg)
Top hand(dominant) 0.335 0.003
Bottom hand(non-dominant) 0.329 0.003

Back muscle strength (kg) 0.396 <0.001
Standing long jump (cm) * 0.170 0.138
30 m sprint (s) −0.079 0.493
Backward overhead medicine ball throwing (m) * 0.289 0.010

* Spearman’s rank correlation coefficient.
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Table 3. Multiple regression analyses for factors influencing BSV.

Variable

Unstandardized
Coefficients

Standardized
Coefficients p-Value VIF

B SE β

(Constant) 54.165 8.224 <0.001
Lean body mass 0.549 0.140 0.430 <0.001 1.371
Hand grip

Top hand 0.262 0.157 0.219 0.098 1.955
Bottom hand −0.086 0.157 −0.077 0.583 2.250

Back muscle strength 0.067 0.031 0.230 0.032 1.268
Backward overhead medicine −0.050 0.447 −0.012 0.912 1.344
Ball Throwing

Anthropometric and physical performance comparisons for the three levels (i.e., Fast,
Middle, and Slow) of BSV are shown in Table 4. The Fast BSV group was significantly
heavier in body weight and lean body mass than the Middle and Slow BSV groups. The Fast
BSV group was significantly taller, had greater upper limb lean body mass (i.e., dominant
hand) and lower limb lean body mass (i.e., stride leg) than the Slow BSV group. No
differences were observed in anthropometric variables between the Middle and Slow
BSV groups.

The Fast BSV group had significantly greater hand grip and back muscle strength
than the Slow BSV group. The Middle BSV group had a greater hand grip than the Slow
BSV. No significant differences were noted in the standing long jump or 30 m sprint in any
BSV group.
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Table 4. Anthropometric and physical performance comparisons among 3 levels of BSV.

Variables Fast (n = 26) Middle (n = 26) Slow (n = 26)

Batting Performance
BSV 112.0 ± 4.0 km/h 104.9 ± 1.4 km/h 98.8 ± 2.8 km/h

Anthropometric
Age 19.4 ± 1.0 years 19.5 ± 1.0 year 19.3 ± 0.9 year
Height 176.0 ± 4.4 cm ¶ 172.9 ± 5.3 cm 171.7 ± 4.3 cm
Body mass 77.7 ± 7.3 kg †¶ 72.2 ± 6.3 kg 69.1 ± 6.8 kg
Body mass index 25.1 ± 2.4 kg/m2 § 24.1 ± 1.6 kg/m2 23.4 ± 2.2 kg/m2

Lean body mass 64.6 ± 4.1 kg †¶ 61.1 ± 4.1 kg 58.6 ± 4.2 kg
Upper limb lean body mass

Top hand(dominant) 3.5 ± 0.3 kg ¶ 3.3 ± 0.2 kg § 3.1 ± 0.3 kg
Bottom hand(non-dominant) 3.4 ± 0.2 kg †¶ 3.3 ± 0.3 kg 3.1 ± 0.2 kg

Lower limb lean body mass
Drive leg 10.6 ± 0.6 kg †¶ 10.3 ± 0.7 kg 9.8 ± 0.7 kg
Stride leg 10.6 ± 0.7 kg ¶ 10.3 ± 0.7 kg 9.8 ± 0.7 kg

Torso lean body mass 32.8 ± 2.4 kg †¶ 30.6 ± 2.2 kg 29.6 ± 2.2 kg
Physical performance

Hand grip
Top hand(dominant) 49.2 ± 4.8 kg ¶ 48.7 ± 4.6 kg ¶ 43.6 ± 3.7 kg
Bottom hand(non-dominant) 50.5 ± 4.8 kg ¶ 49.0 ± 5.4 kg § 44.6 ± 4.4 kg

Back muscle strength 155.2 ± 17.5 kg ¶ 143.7 ± 17.7 kg 135.0 ± 21.9 kg
Standing long jump 235.0 ± 16.8 cm 233.6 ± 16.0 cm 216.1 ± 45.9 cm
30 m sprint 4.34 ± 0.19 s 4.33 ± 0.19 s 4.43 ± 0.16 s

Backward overhead medicine ball throwing 13.7 ± 1.7 m § 12.9 ± 1.4 m 12.3 ± 1.0 m

† p < 0.05 compared with Middle group, § p < 0.05 compared with Slow group, ¶ p < 0.01 compared with
Slow group.

4. Discussion

Baseball players with greater strength, power, and lean body mass had a faster BSV.
A faster BSV is crucial for hitting a baseball, enabling it to travel at a greater distance [2,7,31].
Batters attempted to achieve a faster BSV by producing force from the ground up through
their legs, hips, torso, and upper body. They rotated their trunk rapidly with full effort.
However, although this batting action is based on physiological factors and kinetic links to
successful batting performance, we speculate that there is still a need for baseball-specific
strength and conditioning workout programs for the better performance of baseball players.
The objective of our study was to report significant relationships between anthropometric
and physiological variables and BSV. In addition, based on our findings, we propose some
baseball-specific strength and conditioning workout programs for increasing BSV that
could link to successful performance among collegiate baseball players.

In our study, Table 2 shows the significant relationships between anthropometry,
physiological performance variables, and BSV. These results align with previous research
findings of contributing factors for increasing BSV. However, the correlation coefficients
were relatively weak. In Table 2, the largest r value was 0.594, meaning that only ap-
proximately 35% of variations between the variables can be explained in our participants.
Table 3 shows that BSV had a significant positive correlation with only lean body mass
and back muscle strength. When we looked at the three levels (i.e., Slow, Middle, Fast) of
BSV groups and anthropometric measurements, the Fast BSV (112.0 ± 4.0 km/h) group
was significantly heavier in body weight and lean body mass and taller in height than
the Middle (104.9 ± 1.4 km/h) and Slow BSV (98.8 ± 2.8 km/h) groups. These findings
are similar to previous studies that report significant relationships between anthropom-
etry, physical performance, and BSV, suggesting a relationship between lean body mass,
strength, and power to BSV. The findings of this current study are in agreement with other
studies reporting collegiate baseball players with greater lower body strength, rotational
strength, and rotational power corresponding to faster BSV [8,9,11–14]. Szymanski et al.
mentioned how, resistance training, such as the big three (i.e., the back squat, the bench
press, and the deadlift, see Figure 5) play “a part of in the complete development of a
baseball player, as it relates to batting velocity” based on their and other correlation studies
between anthropometric and physiological variables and BSV [7]. The results for the three
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levels of BSV groups also indicate that there may need to be more individualized strength
and resistance training to improve their BSV.
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Figure 5. The big three (the back squat, the bench press and the deadlift).

Based on the findings of both previous and our studies, we propose the following
training recommendations for these three BSV groups.

Slow and Middle BSV groups:
Slow and Middle BSV groups had weaker handgrip strength (Table 4). The Slow BSV group
had lower back muscle strength than Fast BSV, 12.3 ± 1.0 m vs. 13.7 ± 1.7 m, respectively.
Our recommended strategy is strengthening the forearm muscles using bat swing training.
Strengthening the forearm muscles could improve handgrip strength [40]. However, to
improve BSV, strengthening the forearm muscles alone may not be sufficient. The Fast BSV
players have their bats controlled by the radial/ulnar deviation action of the wrist joint on
the top-hand side as the ball impacts the bat. Thereby, they can transfer a large amount of
mechanical energy from the hand to the bat, creating a fast BSV [41,42].

I. Bat swing training (Figure 6A,B) is baseball-specific training that teaches a batter
the proper starting position (Figure 6A) and receives the feeling of how to prepare for
follow-through (Figure 6B). A trainer puts his/her hands on the tip of the bat (Figure 6A).
Then, the trainer applies static resistance to the tip of the bat for 1~2 s. After that, the trainer
release their hands from the bat, and the batter swings the bat through (Figure 6B). The
trainer may advise the mechanical energy flow of a batter by checking static resistance
before a ball impact and timing the release/extension of the bat.
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Training—baseball-specific training, bat swing training (Figure 6A,B).

II. Hang power clean exercise improves vertical power and enhances full body
power [43]. When making this hang power clean exercise in baseball-specific batting
motion training, it is necessary to transfer the momentum of the body obtained using the
ground reaction force to the bat. The ground reaction force is obtained by strong lower
limb stepping/stamping [43,44]. The purpose of ground reaction force training is two-fold;
the first step is to stamp hard on the ground with the drive leg to obtain a large ground
reaction force (Figure 7A). The second purpose is to transfer the ground reaction force to
the stride leg by shifting the center of gravity sideways (Figure 7B). The force transmitted
to the stride leg leads to fast pelvic rotation. This ground reaction force from the lower
limbs creates a chain reaction to the trunk and upper limbs, leading from Slow and Middle
BSV players to explosive Fast BSV players.
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Training—Ground reaction force training (Figure 7A,B)

Fast BSV groups:

Fast BSV baseball players who have greater lean body mass have the highest BSV in the
group (Table 4). As the level of competition increases, lean body mass increases, and the
body becomes larger [18]. Increasing full-body lean mass is important to achieve even
higher levels of competition.

I. The Big Three training (Figure 5) increases full-body lean mass and muscle strength.
In addition, baseball-specific training aims to improve more explosive power, which is
required for a successful bat swing.

II. Pelvic rotation training connects the ground reaction force obtained by the strong
stamping stride leg to pelvic rotation (Figure 8A,B). In the starting position, the trainer
pulls the rope to prevent the player’s pelvis from turning (Figure 8A). The trainer then
pulls the rope with the opposite hand at the moment the player stamps the ground with
their stride leg, causing the pelvis to rotate faster (Figure 8B). At this point, the trainer
should remind the player to stamp hard with the stride leg and rotate the pelvis.

III. Scapular abduction/adduction switch training
The torso is connected to the upper limbs with the scapula. Scapular abduction/adduction
switch training transfers energy from the lower limbs and pelvic rotation to the upper limbs
(Figure 9A,B). In the starting position, the shoulder on the bottom-hand side suppresses
the ground reaction force returned by stamping with the driving leg (Figure 8A). The
scapula, at this point, should be in abduction on the bottom-hand side and adduction on
the top-hand side. In the finishing position, the scapula is quickly replaced, and the body
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rotates (Figure 8B). The scapula, at this point, should be in adduction on the bottom-hand
side with abduction on the top-hand side.
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Strengths and Limitations

The strength of this study is that it examines the correlation between detailed physical
and fitness data and BSV. Based on these results, we propose baseball-specific training
that is designed to improve BSV for collegiate baseball players. We believe the proposed
baseball-specific training could be more motivational to baseball players than other basic
training. Despite our pioneering applications to baseball players, our study has several
limitations. First, the biggest limitation of this study refers to the power of statistical
analysis. Although our correlations were statistically significant, these results were not
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powered to detect causation between anthropometric, physical, and BSV. Second, the
sample size of our study can be considered a limitation because it is not representative
of the study population. For example, in our study, there were a few players with weak
grip strength but fast BSV who had a high-hitting technique different from the Slow and
Middle groups. Third, the physical performance assessment protocols had some limitations,
particularly regarding the number of trials that we used in this study. For example, we
set one trial for a 30 m sprint testing and two trials for backward overhead medicine ball
throwing based on our experiences and prior research in the literature. However, this
number of trials may not reach each participant’s stable testing score [. This affects our
physical performance assessment data. In addition, although the participants were able to
perform all testing during the same study period, some of the participants performed a
greater volume, intensity, and frequency of resistance training compared to other players.
We had no control over their training prior to our study. Finally, BSV is often associated
with a greater overall total hitter’s performance (i.e., batting average) [5]. However, this
parameter was not assessed in this study. Therefore, it remains unknown how muscular
strength improvement affects players with greater hitting proficiency. Thus, it is valuable
to follow collegiate baseball players longitudinally regarding the BSV and anthropometric
and physiological variables. In the future, more detailed factors for improving BSV are
needed. For this reason, we would like to further increase the number of participants
and conduct multivariate analyses to examine the factors necessary to improve BSV and
confirm which of our results were not sufficiently represented in this study.

5. Conclusions

This study investigated the relationship between anthropometric and physiological
variables alongside BSV in collegiate baseball players. Weak significant relationships were
found between anthropometry and physiological performance variables and BSV. Multiple
regression analysis showed the association of full-body lean body mass and back muscle
strength. In addition, a multiple comparison test was performed with BSV divided into
three parts (i.e., Fast, Middle, and Slow). The Fast BSV group had significantly greater
full-body lean body mass, grip strength, back muscle strength, and backward overhead
medicine ball throwing compared to the Slow BSV group. Based on these findings, we
propose the combination of weight training and hitting as part of baseball-specific training
protocols for improving BSV.

Author Contributions: This manuscript was drafted by all the authors. Conceptualization, R.H., T.D.,
D.H. and N.H.; methodology, R.H., T.D., S.Y. and N.H.; analysis, R.H.; data curation, R.H.; writing—
original draft preparation, R.H. and N.H.; writing—review and editing, R.H. and N.H.; project
administration, R.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Osaka Metropolitan University
(protocol code # 21-42, 13 October 2021).

Informed Consent Statement: Informed consent was obtained from all participants involved in this
study. Written informed consent was obtained from the participants to publish this paper.

Data Availability Statement: The principal investigator (kay.hongu@gmail.com) have full access to
the study data and takes responsibility for the integrity of the data and accuracy of the data analysis.
The data will be available upon reasonable request to the principal investigator.

Acknowledgments: We thank all collegiate baseball players for participating in this study. We are
grateful to have Trudy Morrow for assistance with proofreading and the improvement of style in
our manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Sports 2023, 11, 202 14 of 15

References
1. Huang, M.-L.; Li, Y.-Z. Use of machine learning and deep learning to predict the outcomes of major league baseball matches.

Appl. Sci. 2021, 11, 4499. [CrossRef]
2. Szymanski, D.J.; DeRenne, C.; Spaniol, F.J. Contributing factors for increased bat swing velocity. J. Strength Cond. Res. 2009,

23, 1338–1352. [CrossRef] [PubMed]
3. Breen, J.L. What Makes a Good Hitter? J. Health Phys. Educ. Recreat. 1967, 38, 36–39. [CrossRef]
4. Hughes, S.S.; Lyons, B.C.; Mayo, J.J. Effect of grip strength and grip strengthening exercises on instantaneous bat velocity of

collegiate baseball players. J. Strength Cond. Res. 2004, 18, 298–301. [CrossRef] [PubMed]
5. Inkster, B.; Murphy, A.; Bower, R.; Watsford, M. Differences in the kinematics of the baseball swing between hitters of varying

skill. Med. Sci. Sports Exerc. 2011, 43, 1050–1054. [CrossRef]
6. Liu, C.; Liu, Y.C.; Kao, Y.C.; Shiang, T.Y. Effects of training with a dynamic moment of inertia bat on swing performance.

J. Strength Cond. Res. 2011, 25, 2999–3005. [CrossRef]
7. Szymanski, D.J.; Szymanski, J.M.; Schade, R.L.; Bradford, T.J.; McIntyre, J.S.; DeRenne, C.; Madsen, N.H. The relation between

anthropometric and physiological variables and bat velocity of high-school baseball players before and after 12 weeks of training.
J. Strength Cond. Res. 2010, 24, 2933–2943. [CrossRef]

8. Ae, K.; Koike, S.; Fujii, N.; Ae, M.; Kawamura, T. Kinetic analysis of the lower limbs in baseball tee batting. Sports Biomech. 2017,
16, 283–296. [CrossRef]

9. Szymanski, D.J.; McIntyre, J.S.; Szymanski, J.M.; Bradford, T.J.; Schade, R.L.; Madsen, N.H.; Pascoe, D.D. Effect of torso rotational
strength on angular hip, angular shoulder, and linear bat velocities of high school baseball players. J. Strength Cond. Res. 2007,
21, 1117–1125. [CrossRef]

10. Welch, C.M.; Banks, S.A.; Cook, F.F.; Draovitch, P. Hitting a baseball: A biomechanical description. J. Orthop. Sports Phys. Ther.
1995, 22, 193–201. [CrossRef]

11. Katsumata, H. A functional modulation for timing a movement: A coordinative structure in baseball hitting. Hum. Mov. Sci. 2007,
26, 27–47. [CrossRef] [PubMed]

12. Tsutsui, T.; Maemichi, T.; Torii, S. Identification of physical characteristics associated with swing velocity of batting in youth
baseball players. J. Sports Med. Phys. Fitness. 2022, 62, 1029–1036. [CrossRef] [PubMed]

13. Horiuchi, G.; Nakashima, H. Torso dynamics during follow through in baseball batting. Sports Biomech. 2022, 4, 1–11. [CrossRef]
14. Kohmura, Y.; Aoki, K.; Yoshigi, H.; Sakuraba, K.; Yanagiya, T. Development of a baseball-specific battery of tests and a testing

protocol for college baseball players. J. Strength Cond. Res. 2008, 22, 1051–1058. [CrossRef] [PubMed]
15. Kraemer, W.J.; Ratamess, N.A. Fundamentals of resistance training: Progression and exercise prescription. Med. Sci. Sports Exerc.

2004, 36, 674–688. [CrossRef]
16. Lopez, P.; Radaelli, R.; Taaffe, D.R.; Newton, R.U.; Galvão, D.A.; Trajano, G.S.; Teodoro, J.L.; Kraemer, W.J.; Häkkinen, K.;

Pinto, R.S. Resistance training load effects on muscle hypertrophy and strength gain: Systematic review and network meta-
analysis. Med. Sci. Sports Exerc. 2021, 53, 1206–1216. [CrossRef] [PubMed]

17. Tsuchikane, R.; Higuchi, T.; Suga, T.; Wachi, M.; Misaki, J.; Tanaka, D.; Miyake, Y.; Isaka, T. Relationships between Bat Swing
Speed and Muscle Thickness and Asymmetry in Collegiate Baseball Players. Sports 2017, 5, 33. [CrossRef]

18. Hoffman, J.R.; Vazquez, J.; Pichardo, N.; Tenenbaum, G. Anthropometric and performance comparisons in professional baseball
players. J. Strength Cond. Res. 2009, 23, 2173–2178. [CrossRef]

19. Szymanski, D.J.; Szymanski, J.M.; Bradford, T.J.; Schade, R.L.; Pascoe, D.D. Effect of twelve weeks of medicine ball training on
high school baseball players. J. Strength Cond. Res. 2007, 21, 894–901, Erratum in: J. Strength Cond. Res. 2007, 21, 1002. [CrossRef]

20. Tabuchi, N.; Matsuo, T.; Hashizume, K. Bat speed, trajectory, and timing for collegiate baseball batters hitting a stationary ball.
Sports Biomech. 2007, 6, 17–30. [CrossRef]

21. Gray, R. How do batters use visual, auditory, and tactile information about the success of a baseball swing? Res. Q. Exerc. Sport.
2009, 80, 491–501. [CrossRef]

22. DeRenne, C.; Buxton, B.P.; Hetzler, R.K.; Ho, K.W. Effects of weighted bat implement training on bat swing velocity. J. Strength
Cond. Res. 1995, 9, 247–250.

23. McCrary, J.M.; Ackermann, B.J.; Halaki, M. A systematic review of the effects of upper body warm-up on performance and injury.
Br. J. Sports Med. 2015, 49, 935–942. [CrossRef] [PubMed]

24. Lyu, B.; Smith, L.V. Evaluation of wireless bat swing speed sensors. Sports Eng. 2018, 21, 229–234. [CrossRef]
25. Morishita, Y.; Jinji, T. Accuracy and error trends of commercially available bat swing sensors in baseball. Sports 2022, 10, 21.

[CrossRef]
26. Abe, T.; Thiebaud, R.S.; Loenneke, J.P. Age-related change in handgrip strength in men and women: Is muscle quality a

contributing factor? Age 2016, 38, 28. [CrossRef]
27. Salleh, R.M.; Kuan, G.; Aziz, M.N.A.; Rahim, M.R.A.; Rahayu, T.; Sulaiman, S.; Kusuma, D.W.Y.; Adikari, A.M.G.C.P.;

Razam, M.S.M.; Radhakrishnan, A.K.; et al. Effects of probiotics on anxiety, stress, mood and fitness of badminton players.
Nutrients 2021, 13, 1783. [CrossRef]

28. Sánchez-Pay, A.; Pino-Ortega, J.; Sanz-Rivas, D. Influence of successive wheelchair tennis matches on handgrip strength in
high-level male players. Int. J. Environ. Res. Public. Health. 2023, 20, 4842. [CrossRef]

https://doi.org/10.3390/app11104499
https://doi.org/10.1519/JSC.0b013e318194e09c
https://www.ncbi.nlm.nih.gov/pubmed/19528868
https://doi.org/10.1080/00221473.1967.10610368
https://doi.org/10.1519/R-12712.1
https://www.ncbi.nlm.nih.gov/pubmed/15142011
https://doi.org/10.1249/MSS.0b013e318203626a
https://doi.org/10.1519/JSC.0b013e318212e3b8
https://doi.org/10.1519/JSC.0b013e3181f0a76a
https://doi.org/10.1080/14763141.2017.1284257
https://doi.org/10.1519/R-18255.1
https://doi.org/10.2519/jospt.1995.22.5.193
https://doi.org/10.1016/j.humov.2006.09.005
https://www.ncbi.nlm.nih.gov/pubmed/17204344
https://doi.org/10.23736/S0022-4707.21.12500-9
https://www.ncbi.nlm.nih.gov/pubmed/34028244
https://doi.org/10.1080/14763141.2022.2071328
https://doi.org/10.1519/JSC.0b013e31816eb4ef
https://www.ncbi.nlm.nih.gov/pubmed/18545208
https://doi.org/10.1249/01.MSS.0000121945.36635.61
https://doi.org/10.1249/MSS.0000000000002585
https://www.ncbi.nlm.nih.gov/pubmed/33433148
https://doi.org/10.3390/sports5020033
https://doi.org/10.1519/JSC.0b013e3181bcd5fe
https://doi.org/10.1519/R-18415.1
https://doi.org/10.1080/14763140601058409
https://doi.org/10.1080/02701367.2009.10599587
https://doi.org/10.1136/bjsports-2014-094228
https://www.ncbi.nlm.nih.gov/pubmed/25694615
https://doi.org/10.1007/s12283-017-0224-3
https://doi.org/10.3390/sports10020021
https://doi.org/10.1007/s11357-016-9891-4
https://doi.org/10.3390/nu13061783
https://doi.org/10.3390/ijerph20064842


Sports 2023, 11, 202 15 of 15

29. Tan, J.C.; Parnianpour, M.; Nordin, M.; Hofer, H.; Willems, B. Isometric maximal and submaximal trunk extension at different
flexed positions in standing. Triaxial torque output and EMG. Spine 1993, 18, 2480–2490. [CrossRef]

30. Imagama, S.; Hasegawa, Y.; Wakao, N.; Hirano, K.; Hamajima, N.; Ishiguro, N. Influence of lumbar kyphosis and back muscle
strength on the symptoms of gastroesophageal reflux disease in middle-aged and elderly people. Eur. Spine J. 2012, 21, 2149–2157.
[CrossRef]

31. Maulder, P.; Cronin, J. Horizontal and vertical jump assessment: Reliability, symmetry, discriminative and predictive ability. Phys.
Ther. Sport 2005, 6, 74–82. [CrossRef]

32. Markovic, G.; Dizdar, D.; Jukic, I.; Cardinale, M. Reliability and factorial validity of squat and countermovement jump tests.
J. Strength Cond. Res. 2004, 18, 551–555. [PubMed]

33. Junker, D.; Stöggl, T. The training effects of foam rolling on core strength endurance, balance, muscle performance and range of
motion: A randomized controlled trial. J. Sports Sci. Med. 2019, 18, 229–238. [PubMed]

34. Davies, B.N.; Greenwood, E.J.; Jones, S.R. Gender difference in the relationship of performance in the handgrip and standing long
jump tests to lean limb volume in young adults. Eur. J. Appl. Physiol. Occup. Physiol. 1988, 58, 315–320. [CrossRef] [PubMed]

35. Mann, J.B.; Ivey, P.J.; Brechue, W.F.; Mayhew, J.L. Validity and reliability of hand and electronic timing for 40-yd sprint in college
football players. J. Strength Cond. Res. 2015, 29, 1509–1514. [CrossRef]

36. Beckham, G.K.; Martin, E.; Layne, D.K.; Luke, R.; Mayhew, J.L. Assessing full body impulsive ability using a range of medicine
ball loads for the backward overhead medicine ball throw. Sports Biomech. 2023, 22, 1278–1289. [CrossRef]

37. Stockbrugger, B.A.; Haennel, R.G. Contributing factors to performance of a medicine ball explosive power test: A comparison
between jump and nonjump athletes. J. Strength Cond. Res. 2003, 17, 768–774. [CrossRef]

38. Stockbrugger, B.A.; Haennel, R.G. Validity and reliability of a medicine ball explosive power test. J. Strength Cond. Res. 2001,
15, 431–438.

39. Duncan, M.J.; Al-Nakeeb, Y.; Nevill, A.M. Influence of familiarization on a backward, overhead medicine ball explosive power
test. Res. Sports Med. 2005, 13, 345–352. [CrossRef]

40. Sawicki, G.S.; Hubbard, M.; Stronge, W.J. How to hit home runs: Optimum baseball bat swing parameters for maximum range
trajectories. Am. J. Phys. 2003, 71, 1152–1162. [CrossRef]

41. Credeur, D.P.; Mariappan, N.; Francis, J.; Thomas, D.; Moraes, D.; Welsch, M.A. Vasoreactivity before and after handgrip training
in chronic heart failure patients. Atherosclerosis 2012, 225, 154–159. [CrossRef] [PubMed]

42. Horiuchi, G.; Nakashima, H.; Sakurai, S. Mechanical energy flow in torso during baseball toss batting. Sports Biomech. 2021,
19, 1–11. [CrossRef] [PubMed]

43. Haug, W.B.; Drinkwater, E.J.; Chapman, D.W. Learning the hang power clean: Kinetic, kinematic, and technical changes in four
weightlifting naive athletes. J. Strength Cond. Res. 2015, 29, 1766–1779. [CrossRef] [PubMed]

44. Oda, S.; Moritani, T.; Mimasa, H.; Taguchi, S.; Matsumoto, T. Tee-batting skills in relation to ground reaction forces. Japan J. Phys.
Educ. 1991, 36, 255–262. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/00007632-199312000-00018
https://doi.org/10.1007/s00586-012-2207-1
https://doi.org/10.1016/j.ptsp.2005.01.001
https://www.ncbi.nlm.nih.gov/pubmed/15320660
https://www.ncbi.nlm.nih.gov/pubmed/31191092
https://doi.org/10.1007/BF00417269
https://www.ncbi.nlm.nih.gov/pubmed/3220073
https://doi.org/10.1519/JSC.0000000000000941
https://doi.org/10.1080/14763141.2020.1797149
https://doi.org/10.1519/00124278-200311000-00023
https://doi.org/10.1080/15438620500359950
https://doi.org/10.1119/1.1604384
https://doi.org/10.1016/j.atherosclerosis.2012.08.013
https://www.ncbi.nlm.nih.gov/pubmed/23010159
https://doi.org/10.1080/14763141.2021.1927162
https://www.ncbi.nlm.nih.gov/pubmed/34009088
https://doi.org/10.1519/JSC.0000000000000826
https://www.ncbi.nlm.nih.gov/pubmed/25559908
https://doi.org/10.5432/jjpehss.KJ00003391823

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Anthropometric and Body Composition Assessment 
	Batting Performance Test 
	Physical Performance Tests 
	Handgrip Testing 
	Back Muscle Strength Testing 
	Standing Long Jump 
	The 30 m Sprint 
	Backward Overhead Medicine Ball Throwing 

	Statistical Analysis 
	Ethics 

	Results 
	Discussion 
	Conclusions 
	References

