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The purpose of this study was to investigate the linear and angular contributions to ball 
velocity of the delivery motion among junior high school (group J), high school (group H), 
and collegiate (group C) baseball infielders by using 3D videography. A total of 54 
infielders were asked to throw a baseball quickly and accurately with full effort. Our 
results indicated that the ball velocity increased with progression in player level (group J, 
28.3 m/s; group H, 31.8 m/s; group C, 33.2 m/s). Angle and height of ball release were 
significantly larger in group J than in groups H and C. Contributions of the forward and 
upward translations of the body to the ball velocity were, respectively, 6% and 10−15%, 
with the rest due to the rotations of the body. These results indicate that the rotations of 
the body are crucial for the increase of ball velocity. 
 
KEY WORDS: kinematics, development, 3D videography. 
 

INTRODUCTION: The goal of a baseball infielder’s throw is to catch with a running approach 
a baseball that has been hit by the batter, and then deliver it as quickly and accurately as 
possible to other fielders (Figure 1). Most previous studies on the baseball throwing motion 
have concentrated on the pitching motion (Fleisig et al., 1999; Sakurai et al., 1993; Matsuo et 
al., 2001; Stodden et al., 2001; Feltner & Dapena, 1986; Miyanishi et al., 1996). We know of 
no studies that deal with the kinematics of the delivery motions of position players and with 
the variation of those motions through various levels of player development. 
The general motion of a rigid body can be described as a combination of translation and 
rotation. Thus, the absolute velocity of the ball is determined by the sum of the velocity of the 
centre of mass (CM) of the thrower (or, more exactly, of the thrower-plus-ball system) relative 
to the ground and the velocity of the ball relative to the CM. Dapena & Anderst (1997) 
studied the throwing motions of elite discus throwers from this point of view, and found that 
the contributions of the forward and upward translations of the body to the velocity of the 
discus were, respectively, 10% and 6%, with the rest due to the rotations of the body. The 
purpose of this study was to quantify the linear and angular contributions to the ball velocity 
of the delivery motion among young male baseball infielders to obtain a better understanding 
of the motion from mechanical and developmental perspectives. 
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Figure 1: Definition of the seven phases in the delivery motion of a baseball infielder. 

 
METHODS: Fifty-four skilled right-handed male baseball infielders, including 18 junior high 
school (age 13.2 ± 0.7 years: group J), 20 high school (15.8 ± 0.8 years: group H), and 16 
collegiate (19.8 ± 0.8 years: group C), participated in this study. All of them were healthy and 
had no history of arm surgery or arm pain at present. Informed consent forms were signed by 
group C participants, and by the parents of the group J and H participants prior to the 
experiments. The mean standing height was significantly larger in groups H (1.72 ± 0.06 m) 

largest ankle movements occurred early in the propulsive phase and the least movement 
occurred at the end. This was even apparent when looking at the relative velocities and 
comparing the faster to the slower swimmers. The highest velocities occurred early during 
plantar flexion for all the participants, while the faster breaststroke swimmers displayed also 
high inversion velocities in the early phase. Although there was no significant correlation 
found for the hypothesis, future research may be beneficial to examine a similar hypothesis, 
but with a larger sample size and more elite level of breaststroke swimmers. Overall, this 
study contributes to the available data needed to model the breaststroke with few key 
movements and/or positions of best practices and techniques. The results also contribute to 
the knowledge applicable to teachers and coaches. It gives more of an insight to the actual 
segmental movements involved in the breaststroke kick.  
The variability of the range of motion was consistent with the observed variation of general 
swimming techniques. What was surprising was the variability from participant to participant 
among the faster breaststroke swimmers. Variations in range of motion were expected 
among the slower non-breaststroke specialists, but at least similarities were expected among 
the breaststroke specialists. Similar range of flexion, inversion and rotation was expected 
among the faster breaststroke swimmers, even though the slower swimmers might have a 
greater degree of variation. This study found no such similarities among the faster 
participants. In fact, the three participants with the highest VH had a wide variety of ankle 
range of motion. In addition, since inversion and internal rotation occurred together as one 
movement, the measurements of the x- and z-axes both contributed to the inversion of the 
foot. Complex movements at the ankle such as this make three dimensional analysis difficult, 
especially to expect findings to show statistically significant results. The current study shows 
that there was a large degree of variability in the technique and use of the ankle joint in the 
breaststroke kick. However, these differences in ankle range of motion did not correlate with 
whether one breaststroke kick was faster or slower. Patterns noticeable with phase diagrams 
suggest that timing and the use of the range of motion, such as velocity, influence 
breaststroke kick performance. These patterns were especially apparent for angular 
movement on the local foot y-axis, placing importance on the use of plantar flexion. Although 
one of the hypotheses was rejected and the study did not show that there was a statistical 
correlation between the displacement of the foot and swimming speed, this study does 
demonstrate the importance of foot speed and the use of the range of motion in the 
breaststroke kick. The most effective style incorporated the use of a full range of motion 
among the athletes. More importantly looking individual athletes, there were significant 
contributions from foot velocity, thus emphasizing the use of the ankle joint. 
 
CONCLUSION: Angular velocity of the foot itself proved to be an important aspect of the 
breaststroke kick. Nine of the twelve participants showed significant correlation between 
LAVF in at least one dimension and VH. Basically, the greater the foot speed during the early 
propulsive phase, the greater the hip speed overall. 
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C, and larger for group H than for group C at SFC. During the arm acceleration phase, the D 
angle was significantly larger for groups H and C than for group J. Percentages of VHCON and 
VZCON were significantly larger for group J than for group C, and larger for group C than for 
group J. 
 

Table 2 
Kinematic parameters@. 

 group J  group H group C significant differences 
at PFC 

Horizontal velocity [VH] (m/s) 
Horizontal angle [Ha] (deg.) †1 
Vertical velocity [Vv] (m/s) 
Height of CM [H] (% BH) 

 
2.8 ± 0.4 
− 8 ± 11 

− 0.3 ± 0.2 
47 ± 3 

 
2.8 ± 0.3 
− 4 ± 6 

− 0.3 ± 0.2 
47 ± 3 

 
2.9 ± 0.3 

1 ± 9 
− 0.3 ± 0.2 

45 ± 2 

 
ns 

J<C** 
ns 
ns 

at SFC 
Horizontal velocity (m/s) 
Horizontal angle (deg.) 
Vertical velocity (m/s) 
Height of CM (% BH) 

 
3.1 ± 0.3 
− 5 ± 8 

− 0.1 ± 0.2 
45 ± 2 

 
3.2 ± 0.2 
− 2 ± 4 

− 0.2 ± 0.2 
44 ± 2 

 
3.3 ± 0.2 

4 ± 6 
− 0.2 ± 0.2 

42 ± 2 

 
J<C* 

J<C**, H<C* 
ns 

J>C**, H>C* 
at REL 

Horizontal velocity (m/s) 
Horizontal angle (deg.) 
Vertical velocity (m/s) 
Height of CM (% BH) 

 
1.7 ± 0.3 
− 7 ± 9 

0.6 ± 0.2 
47 ± 2 

 
1.7 ± 0.2 

1 ± 9 
0.6 ± 0.3 
45 ± 3 

 
1.7 ± 0.3 

3 ± 6 
0.7 ± 0.1 
44 ± 2 

 
ns 

J<H*, J<C** 
ns 

J>C* 
Arm acceleration phase 

Horizontal velocity (m/s)†2 
Horizontal angle (deg.) †2 
D angle [Da] (deg.) †3 
VHCON (m/s) †4 
VHCON (%)†4 

 
1.8 ± 0.3 
− 8 ± 8 
− 6 ± 9 

1.8 ± 0.3 
6.4 ± 1.1 

 
1.9 ± 0.2 
− 1 ± 9 
2 ± 9 

1.8 ± 0.2 
5.8 ± 0.8 

 
1.9 ± 0.2 

2 ± 6 
2 ± 7 

1.9 ± 0.2 
5.7 ± 0.7 

 
ns 

J<H*, J<C** 
J<H*, J<C* 

ns 
J>C* 

Arm acceleration phase 
VZCON (m/s) †4 
VZCON (%)†4 

 
0.5 ± 0.3 
9.9 ± 6.0 

 
0.5 ± 0.3 

10.8 ± 5.5 

 
0.6 ± 0.2 
15.2 ± 4.7 

 
ns 

J<C* 
significant differences: * p < 0.05; ** p < 0.01; ns: not significant 

 @ : The parameters were calculated based on the method reported by Dapena & Anderst (1997). 
†1: A negative sign in the angle indicates that the deviation was toward the left in a view from overhead. 
†2: The values indicate averages of the system CM during the arm acceleration phase. 
†3: The values indicate the divergence angle between the horizontal direction of motion of the system CM 

during the arm acceleration phase and the horizontal direction of motion of the ball at release. 
†4: These values indicated the effective velocities (m/s) and the contributions (%) of the horizontal and vertical 

velocities (VHCON and VZCON, respectively) of the system CM to the horizontal and vertical velocities of the 
ball at release. 

 
DISCUSSION: Although all infielders must throw the same distance (approximately 35 m), 
the ball velocity at REL was smaller in the group J infielders (Table 1). The only way that 
group J infielders can make the ball travel 35 m with a slower horizontal velocity is to allow it 
more time to travel before target contact. Thus, group J infielders had to increase the angle 
of ball release (to gain an increased vertical velocity of the ball at REL) relative to the other 
groups to increase flight time. Also, because the target height was constant across groups 
(1.7 m), it appears that the group J infielders also increased the absolute height of ball 
release (standing height x height of release as a percentage of standing height) to decrease 
the vertical range of motion (ROM) of the ball during flight; in turn, this allowed them to have 
a smaller angle of release than would have been required if the height of the ball at REL had 
also been about 90% of standing height in group J infielders. Thus, the changes in ball 

and C (1.72 ± 0.04 m) than in group J (1.61 ± 0.06 m). The mean body mass was 
significantly larger in groups H (65.4 ± 7.4 kg) and C (68.8 ± 5.7 kg) than in group J (52.7 ± 
8.4 kg).  
Each infielder was requested to catch a ground ball rolled by a person in front of the 
shortstop fielding position, and then deliver the ball as quickly and accurately as possible 
with maximum effort toward a target (width: 1.4 m; height: 1.7 m) set up at first base, 35 m 
away. These deliveries were recorded using two high-speed 250 Hz genlocked video 
cameras (HSV-500C3, NAC, Japan). 
For each infielder, a single trial in which the ball hit the target was selected for subsequent 
analysis. Two-dimensional coordinates of 23 body landmarks and of the ball centre were 
manually digitized using a Video Motion Analysis System (Frame-DIAS, DKH, Japan). Three-
dimensional (3D) coordinates of the body landmarks and of the ball centre were 
reconstructed using the direct linear transformation (DLT) method (Abdel-Aziz & Karara, 
1971), and then smoothed using quintic spline functions (Woltring, 1986) with optimal cutoff 
frequencies (4-24 Hz) determined for each body landmark coordinate according to Wells & 
Winter (1980). The body segment parameters required for the calculation of the body CM 
motions were obtained from the standing height and mass of each infielder using de Leva’s 
(1996) adjustments of the values reported by Zatsiorsky et al. (1990).  
A one-way analysis of variance (ANOVA; unpaired) was performed using SPSS version 18 
(SPSS Inc., Chicago, IL) to assess the differences in kinematic parameters between the 
three groups. A Bonferroni correction was also used to determine the differences between 
the three groups. The significance levels were set at p < 0.05 and p < 0.01 for each test. 
The delivery motion was divided into seven phases based on six instants (catching the 
ground ball, CAT; takeoff the ground, TOF; pivot foot contact, PFC; stride foot contact, SFC; 
shoulder maximum external rotation, MER; and ball release, REL) as follows: approach (the 
start of the motion to a), catching (a-c), step (c-e), stride (e-g), arm cocking (g-i), arm 
acceleration (i-j), and follow-through (j to the end of the motion) (Figure 1).  
 
RESULTS:  Table 1 shows the release parameters. Ball velocity was significantly larger in 
groups H and C than in group J, and also significantly larger in group C than in group H. The 
angle of release was significantly larger for group J than for groups H and C. The height of 
release (as a percentage of standing height) was significantly larger for group J than for 
groups H and C.  
 

Table 1 
Release parameters. 

 group J  group H group C significant differences 
Ball velocity (m/s) 

Horizontal velocity (m/s) 
Vertical velocity (m/s) 

28.3 ± 1.7 
27.8 ± 1.9 
5.0 ± 1.0 

31.8 ± 0.9 
31.5 ± 1.0 
4.5 ± 0.6 

33.2 ± 1.5 
32.9 ± 1.6 
4.1 ± 0.8 

J<H**, J<C**, H<C* 
J<H**, J<C**, H<C* 

J>C** 
Angle of release (deg.) 10 ± 3 8 ± 1 7 ± 1 J>H**, J>C** 
Height of release (% BH) 90 ± 5 83 ± 7 84 ± 4 J>H**, J>C** 

significant differences: * p < 0.05, ** p < 0.01 
 

Table 2 shows the kinematic parameters of the system CM regarding the horizontal and 
vertical translations at each instant, and also the average values during the arm acceleration 
phase. Significant differences were found in 10 parameters between groups J and C, in three 
parameters between groups J and H, and in two parameters between groups H and C.  
Horizontal velocity at SFC was significantly larger for group C than for group J. The 
horizontal angles at each instant and during the arm acceleration phase were significantly 
larger for group C than for group J, and also significantly larger for group C than for group H 
at SFC, and for group H than for group J at REL and during the arm acceleration phase. The 
heights of the system CM at SFC and REL were significantly larger for group J than for group 
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C, and larger for group H than for group C at SFC. During the arm acceleration phase, the D 
angle was significantly larger for groups H and C than for group J. Percentages of VHCON and 
VZCON were significantly larger for group J than for group C, and larger for group C than for 
group J. 
 

Table 2 
Kinematic parameters@. 

 group J  group H group C significant differences 
at PFC 

Horizontal velocity [VH] (m/s) 
Horizontal angle [Ha] (deg.) †1 
Vertical velocity [Vv] (m/s) 
Height of CM [H] (% BH) 

 
2.8 ± 0.4 
− 8 ± 11 

− 0.3 ± 0.2 
47 ± 3 

 
2.8 ± 0.3 
− 4 ± 6 

− 0.3 ± 0.2 
47 ± 3 

 
2.9 ± 0.3 

1 ± 9 
− 0.3 ± 0.2 

45 ± 2 

 
ns 

J<C** 
ns 
ns 

at SFC 
Horizontal velocity (m/s) 
Horizontal angle (deg.) 
Vertical velocity (m/s) 
Height of CM (% BH) 

 
3.1 ± 0.3 
− 5 ± 8 

− 0.1 ± 0.2 
45 ± 2 

 
3.2 ± 0.2 
− 2 ± 4 

− 0.2 ± 0.2 
44 ± 2 

 
3.3 ± 0.2 

4 ± 6 
− 0.2 ± 0.2 

42 ± 2 

 
J<C* 

J<C**, H<C* 
ns 

J>C**, H>C* 
at REL 

Horizontal velocity (m/s) 
Horizontal angle (deg.) 
Vertical velocity (m/s) 
Height of CM (% BH) 

 
1.7 ± 0.3 
− 7 ± 9 

0.6 ± 0.2 
47 ± 2 

 
1.7 ± 0.2 

1 ± 9 
0.6 ± 0.3 
45 ± 3 

 
1.7 ± 0.3 

3 ± 6 
0.7 ± 0.1 
44 ± 2 

 
ns 

J<H*, J<C** 
ns 

J>C* 
Arm acceleration phase 

Horizontal velocity (m/s)†2 
Horizontal angle (deg.) †2 
D angle [Da] (deg.) †3 
VHCON (m/s) †4 
VHCON (%)†4 

 
1.8 ± 0.3 
− 8 ± 8 
− 6 ± 9 

1.8 ± 0.3 
6.4 ± 1.1 

 
1.9 ± 0.2 
− 1 ± 9 
2 ± 9 

1.8 ± 0.2 
5.8 ± 0.8 

 
1.9 ± 0.2 

2 ± 6 
2 ± 7 

1.9 ± 0.2 
5.7 ± 0.7 

 
ns 

J<H*, J<C** 
J<H*, J<C* 

ns 
J>C* 

Arm acceleration phase 
VZCON (m/s) †4 
VZCON (%)†4 

 
0.5 ± 0.3 
9.9 ± 6.0 

 
0.5 ± 0.3 

10.8 ± 5.5 

 
0.6 ± 0.2 
15.2 ± 4.7 

 
ns 

J<C* 
significant differences: * p < 0.05; ** p < 0.01; ns: not significant 

 @ : The parameters were calculated based on the method reported by Dapena & Anderst (1997). 
†1: A negative sign in the angle indicates that the deviation was toward the left in a view from overhead. 
†2: The values indicate averages of the system CM during the arm acceleration phase. 
†3: The values indicate the divergence angle between the horizontal direction of motion of the system CM 

during the arm acceleration phase and the horizontal direction of motion of the ball at release. 
†4: These values indicated the effective velocities (m/s) and the contributions (%) of the horizontal and vertical 

velocities (VHCON and VZCON, respectively) of the system CM to the horizontal and vertical velocities of the 
ball at release. 

 
DISCUSSION: Although all infielders must throw the same distance (approximately 35 m), 
the ball velocity at REL was smaller in the group J infielders (Table 1). The only way that 
group J infielders can make the ball travel 35 m with a slower horizontal velocity is to allow it 
more time to travel before target contact. Thus, group J infielders had to increase the angle 
of ball release (to gain an increased vertical velocity of the ball at REL) relative to the other 
groups to increase flight time. Also, because the target height was constant across groups 
(1.7 m), it appears that the group J infielders also increased the absolute height of ball 
release (standing height x height of release as a percentage of standing height) to decrease 
the vertical range of motion (ROM) of the ball during flight; in turn, this allowed them to have 
a smaller angle of release than would have been required if the height of the ball at REL had 
also been about 90% of standing height in group J infielders. Thus, the changes in ball 

and C (1.72 ± 0.04 m) than in group J (1.61 ± 0.06 m). The mean body mass was 
significantly larger in groups H (65.4 ± 7.4 kg) and C (68.8 ± 5.7 kg) than in group J (52.7 ± 
8.4 kg).  
Each infielder was requested to catch a ground ball rolled by a person in front of the 
shortstop fielding position, and then deliver the ball as quickly and accurately as possible 
with maximum effort toward a target (width: 1.4 m; height: 1.7 m) set up at first base, 35 m 
away. These deliveries were recorded using two high-speed 250 Hz genlocked video 
cameras (HSV-500C3, NAC, Japan). 
For each infielder, a single trial in which the ball hit the target was selected for subsequent 
analysis. Two-dimensional coordinates of 23 body landmarks and of the ball centre were 
manually digitized using a Video Motion Analysis System (Frame-DIAS, DKH, Japan). Three-
dimensional (3D) coordinates of the body landmarks and of the ball centre were 
reconstructed using the direct linear transformation (DLT) method (Abdel-Aziz & Karara, 
1971), and then smoothed using quintic spline functions (Woltring, 1986) with optimal cutoff 
frequencies (4-24 Hz) determined for each body landmark coordinate according to Wells & 
Winter (1980). The body segment parameters required for the calculation of the body CM 
motions were obtained from the standing height and mass of each infielder using de Leva’s 
(1996) adjustments of the values reported by Zatsiorsky et al. (1990).  
A one-way analysis of variance (ANOVA; unpaired) was performed using SPSS version 18 
(SPSS Inc., Chicago, IL) to assess the differences in kinematic parameters between the 
three groups. A Bonferroni correction was also used to determine the differences between 
the three groups. The significance levels were set at p < 0.05 and p < 0.01 for each test. 
The delivery motion was divided into seven phases based on six instants (catching the 
ground ball, CAT; takeoff the ground, TOF; pivot foot contact, PFC; stride foot contact, SFC; 
shoulder maximum external rotation, MER; and ball release, REL) as follows: approach (the 
start of the motion to a), catching (a-c), step (c-e), stride (e-g), arm cocking (g-i), arm 
acceleration (i-j), and follow-through (j to the end of the motion) (Figure 1).  
 
RESULTS:  Table 1 shows the release parameters. Ball velocity was significantly larger in 
groups H and C than in group J, and also significantly larger in group C than in group H. The 
angle of release was significantly larger for group J than for groups H and C. The height of 
release (as a percentage of standing height) was significantly larger for group J than for 
groups H and C.  
 

Table 1 
Release parameters. 

 group J  group H group C significant differences 
Ball velocity (m/s) 

Horizontal velocity (m/s) 
Vertical velocity (m/s) 

28.3 ± 1.7 
27.8 ± 1.9 
5.0 ± 1.0 

31.8 ± 0.9 
31.5 ± 1.0 
4.5 ± 0.6 

33.2 ± 1.5 
32.9 ± 1.6 
4.1 ± 0.8 

J<H**, J<C**, H<C* 
J<H**, J<C**, H<C* 

J>C** 
Angle of release (deg.) 10 ± 3 8 ± 1 7 ± 1 J>H**, J>C** 
Height of release (% BH) 90 ± 5 83 ± 7 84 ± 4 J>H**, J>C** 

significant differences: * p < 0.05, ** p < 0.01 
 

Table 2 shows the kinematic parameters of the system CM regarding the horizontal and 
vertical translations at each instant, and also the average values during the arm acceleration 
phase. Significant differences were found in 10 parameters between groups J and C, in three 
parameters between groups J and H, and in two parameters between groups H and C.  
Horizontal velocity at SFC was significantly larger for group C than for group J. The 
horizontal angles at each instant and during the arm acceleration phase were significantly 
larger for group C than for group J, and also significantly larger for group C than for group H 
at SFC, and for group H than for group J at REL and during the arm acceleration phase. The 
heights of the system CM at SFC and REL were significantly larger for group J than for group 
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Our aim of present study was to investigate the differences in force production between 
arms during front crawl tethered swimming (TS). Firstly, 14 young male swimmers (14.2 
± 1.09 yrs; 168.3 ± 2.22 cm; 59.9 ± 4.77 kg) undertook a 30 s maximum front crawl TS 
test. It was observed that preferred arm (P_Fmax) produces a maximum force higher 
than non-preferred arm (NP_Fmax). Additionally, was verified that the decrease in 
maximum force was higher for P_Fmax than NP_Fmax. In the second part of the study, 
6 elite male swimmers (19.8 ± 2.23 yrs; 183.6 ± 3.64 cm; 77.3 ± 3.64 kg) replicated the 
methodology, being the individual curves assessed trough polynomial curves, which 
allowed identifying the unbalance between arms. This methodology may detect a 
limiting factor of performance being a useful tool for coaches training prescription. 

 
KEY WORDS: biomechanics, strength, training, front crawl. 
 

INTRODUCTION: One of the main goals of swimming biomechanics is to determine the 
swimmer’s propulsive force, identifying its relationship with swimming efficiency, in order to 
enhance performance (Akis & Orcan, 2004; Barbosa et al., 2010). However, to obtain the 
magnitude of these forces in the aquatic environment is highly complex. Tethered swimming 
(TS) is one of the reliable methodologies used to achieve part of this goal, particularly by 
measuring the propelling force exerted by a swimmer in water (Costill et al., 1986; Dopsaj et 
al., 2003; Kjendlie & Thorsvald, 2006; Filho & Denadai, 2008). In fact, by using a load cell 
system it is possible to assess individual force to time curves, improving the possibility of 
characterization and comparison of stroke patterns, and allowing a more accurate knowledge 
of the propulsive forces sequence during swimming (Morouço et al., 2010). 
In addition, TS may help coaches, in real time, with technique prescription, and can provide 
answers to some practical issues that remain controversial. The unbalance between arms in 
terms of force production is one of these cases. Research on this topic is scarce, and some 
ideas are passed among members of the swimming community with little scientific 
(experimental or numerical data) support. Swimming performance is highly related to the 
propulsive forces (Rouard et al., 1996) and, in front crawl and backstroke, arm actions are 
alternated. Thus, it is useful to evaluate the differences of force production between arms. 
However, studies conducted in this domain are scarce. 
Complementarily, Reischle (1998) indicated that specificity should be aimed in the training 
process. As a result, coaches may orientate their work with adequate strategies to a correct 
planning, control and evaluation. Special attention should be given to the role of the arms, as 
it is generally agreed that 85% of the total thrust is due to arms in front crawl stroke 
(Toussaint et al., 2000). Even though force production capacity is expected to be related to 
muscle mass, this particular relationship in swimming may be affected by specific swimming 
ability, traducing the subjects' capacity to apply force in water. Therefore, the main purpose 
of this study was to measure the differences of force production between arms in front crawl 
tethered swimming. Complementarily, the decrease in force production during a 30 s 
maximum effort was analysed. 
 

velocity, angle of release and height of release are all inter‐related, and due primarily to the 
fixed target distance and height and to the smaller absolute ball velocity at REL in the 
youngest infielder group.  
Overall, the system CM had 2.8 m/s of horizontal velocity at PFC. This value increased to 3.2 
m/s at SFC. Pushing the pivot leg directly backward against the ground during the stride 
phase caused the increase of the horizontal velocity of the CM in the forward (i.e., throwing) 
direction. Thus, the group C and H infielders pushed strongly directly backward against the 
ground with the pivot leg while lowering the CM in comparison to the group J infielders. In 
turn, the horizontal velocity of the CM decreased from 3.2 m/s at SFC to 1.7 m/s at REL. This 
is due to a direct forward push against the ground with the stride leg. Thus, group C infielders 
strongly pushed directly forward on the ground with the stride leg while lowering the CM 
compared with the group J infielders. 
The forward linear momentum of the thrower-plus-ball system contributes to the horizontal 
velocity of the ball, and the upward linear momentum of the system contributes to the vertical 
velocity of the ball (Dapena & Anderst, 1997). We calculated the average horizontal velocity 
and angle of the CM during the arm acceleration phase, and also the average vertical 
velocity of the CM in that phase. The average horizontal and vertical velocities of the CM 
were projected, respectively, on the horizontal and vertical velocities of the ball at REL. The 
percent increase in VHCON was significantly larger for group J infielders than for group C 
infielders (Table 2). In contrast, the percent increase in VZCON was significantly larger for 
group C infielders than for group J infielders. These results suggest that group J infielders 
use an increased forward translation to increase the horizontal velocity of ball in spite of the 
fact that their CM travels in a more oblique direction (leftward: − 8 ± 8 deg.) in comparison 
with group H and C infielders. In the increase of vertical velocity of the ball, group C infielders 
use more upward translation than group J infielders. 
The contribution of the horizontal velocity of the CM to the horizontal velocity of the ball was 
approximately 6% in the three groups. On the other hand, the contribution of the vertical 
velocity of the CM to the vertical velocity of the ball had a range of 10−15% in the three 
groups. These results indicate that 94% of the horizontal velocity of the ball comes from the 
rotation of the body, and 85−90% of the vertical velocity of the ball comes from the rotation of 
the body. Further studies should include an analysis of angular momentum. 
 
CONCLUSION: The contributions of the translation and rotation of the body to the ball 
velocity in the delivery motion among the three levels of infielders were measured in this 
study. The forward and upward translation of the thrower made relatively small contributions 
to the velocity of the ball. Most of the velocity of the ball came from the rotation of the body. 
These results indicate the necessity for investigating the angular momentum of the body.  
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