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General introduction

General introduction

American continent, including the Caribbean, and in East Asia the sport is very 

success, the Dutch baseball competition stands in the shadow of the professional 

up large stadiums on a daily basis. Not only is the sport more popular, also 
much more games are played at the highest level. In the American league, the 

time span. A regular baseball game consists of nine innings in which one or 

there is a high demand for pitching and the pitcher plays a major part in the 
outcome of every game. To be successful, pitchers should be able to throw fast 
and accurate, as well as a manner that is unpredictable to the striker. 

Figure 1 left) Sold-out baseball stadium during the Tokyo derby between Swallow 
and Giants, (right) Regensburg Legionaere, one of the largest baseball stadiums 
of Europe during practice matches between the Dutch and German youth teams. 
[Photos by Erik van der Graaff]
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more, while preserving a good level of accuracy. To throw that fast enormous 
amounts of stress are put on the body, especially on the shoulder and elbow. 
Due to the high amount of stress on the body during pitching, combined with 
the high workload for pitchers during the season, pitchers are at considerable 

of money is involved in professional baseball, also form a huge problem from a 

injury free. To facilitate insight into the requirements to accomplish this, it is 
necessary to gain a better understanding of the pitching motion or pitching 
technique, pitching injuries, as well as potentially effective methods to acquire 
fast and safe pitching.

Figure 2 
c) maximal external rotation of the shoulder (MER), d) ball release (REL), e+f) 
follow-through.

The pitching motion 

valuable asset. In baseball, many coaches and researchers have studied various 
aspects of the pitching motion, that is, a full body motion designed to throw 

distinguished in the description of the pitching motion: the cocking phase, the 
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General introduction

towards the catcher, facing third base. From this position, the pitcher starts the 

the transversal plane of the pelvis are employed together to initiate a rotation 

through a sequential rotation of body segments. The acceleration phase ends 

the phase in which the arm and the body of the pitcher are decelerated after ball 

to spread the stress of decelerating the high speeds over a longer trajectory. 

Pitching and injuries
Unfortunately, throwing at high velocities is strongly associated with throwing 
injuries. Especially the throwing arm is prone to injuries. The dominant shoulder 

Throwing fast

good and safe throwing technique is essential. The question is, however, what 
a proper technique is for repeatedly throwing fastballs without becoming 
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kinetic parameters, although those studies mainly focussed on the association 

temporal parameters are typically calculated in terms of the moment at which 

different velocities. In the studies in question, a variety of individual kinematic 
and temporal components were found to be associated with throwing a fastball. 
However, none of these studies looked at the pitching movement as a whole, 

segmental timing.

Figure 3 The pitching motion involves two kinematic chains: the lower half of 
the body works as a closed chain translating the hip in the throwing direction, 
while the upper half of the body, from the left hip to the right hand, works as an 
open chain.
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Inter-segmental timing

joints or segments in reaching high throwing velocities, changing the 
characteristics of just one segment in a chain will disrupt the outcome of the 
system as a whole . It appears therefore adamant to study 
pitching from the perspective of kinematic chains 

 In an attempt to describe the total body contribution as a whole, 
rather than focussing on isolated kinematic parameters, or the duration of the 

point. In a kinematic chain, segment velocities are increased and transferred 

understood how this mechanism relates to creating high throwing velocities 
in pitching, even though it is most likely the main contributor in creating a 

created and transferred through the body warrants further study. To study this 

velocities of the segments, as part of the sequential motion of segments in the 
kinematic chain, are observed during pitching. Studying the absolute values of 

source, production and consumption of segmental power from one segment 

be distributed over the whole body in such a way that it does not damage the 
weakest link in the chain. Optimizing the working of the kinematic chain and 

segments over the entire body, and thereby avoid overload of body structures 
during the pitching motion. It may well be possible that the aforementioned 
incidence of shoulder and elbow problems is partly caused by irregularities 
during step and trunk actions, that is, during the onset of the chain. It may be 
argued, therefore, that shoulder and elbow problems during pitching can only 
be resolved if, during training, instruction and feedback are provided about the 

can improve our understanding of throwing the perfect pitch, acknowledging 
the system as a whole, without the risk of overloading a particular segment or 
segments. Training the kinematic chain, therefore, might call for new ways of 
training involving forms of instruction and feedback that pertain to the body 
action as a whole.
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Motor learning
Through understanding the kinematic chains of pitching essential elements 

learn to pitch fast and safe, or at least faster and safer. An important question 

should be given to young talented pitchers to improve their pitching technique 
and through this, their throwing velocity. Previous research has suggested that 
instruction and feedback determine the focus of attention adopted by players, 
which in turn is known to affect both performance and learning. In particular, 

attention, in which attention is focused on the effects of the movement in the 
environment, and an internal focus of attention, in which attention is focused on 

literature was performed of the studies published to date in which a sports or a 

in this systematic review. A short overview of the methods and main conclusions 

The work reported in the present thesis focuses on the role of attention 
in developing the ability to pitch at high velocities. This choice is motivated from 

instructions about the effect of the movement in the environment. For instance, 
throwing the ball through the strike area of the batsman into the glove of the 

so, if these types of instruction are helpful in pitching practice.

within a broad range of tasks, from balancing and running tasks to throwing 

attention conditions compared to internal focus of attention conditions. In a 
large portion of the studies included in the review of the pertinent literature, 
however, participants performed the activity in question only once, or for 

studies provide evidence about the direct effect of those types of instruction 
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Some studies, in contrast, were performed over a somewhat longer period, and 
compared the acquisition of motor tasks over this period between interventions 

focus conditions over internal focus of attention conditions for improved motor 

like situations with limited ecological validity, and in studies of relatively short 

improve the acquisition of the optimal throwing technique, there is thus also a 

an actual training environment involving regular instructors.

Implementing feedback and instructions in baseball pitching

feedback and instruction, new technological tools may be developed and 
implemented in practice. To date, facilitating feedback and instructions 

coaches and trainers. In the future, however, feedback of information about 

since such information is not available to the naked eye, certainly not for less 

pitch training, modern technology in pitching practice can provide trainers and 
players with useful and reliable information. 

between biomechanics and motor learning. Previously, it has been established 
that feedback, in a broad sense, plays an important role in training practice 

feedback about the timing between segments has yet to be implemented in a 

nowadays, thanks to the fast progression of the mobile phone industry, mobile 
measuring devices have become smaller, faster, and cheaper, and have become 

developed to such a level that they can accurately measure linear and rotational 

during practice. These developments should be implemented in pitching 
practice to pitchers with information about the optimal pitching movement. 
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In addition, feedback from multiple sensors can be combined to provide 

segmental timing. Studying motor performance and acquisition during practice 

provides direct comparisons from pitch to pitch. This individualized feedback 
could complement the instructions from the coaches so as to achieve an even 
better throwing technique than with standard instructions and feedback. 
Since the present project aims to implement both instructions and feedback, 
it is questioned, whether or not combined with coaching instructions, to what 

instructions in their efforts to develop the perfect pitch.
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General introduction

Research context: project FASTBALL

to understand how young baseball 
pitchers can train, and be taught, to 
throw fast while avoiding injury. The 
project involves a collaboration between 

the Vrije Universiteit Amsterdam and 
Delft University of Technology, as well as 

national youth teams volunteered in a number of separate studies as well.

throwing technique and the most common injuries of pitchers. The second 
direction focuses on how this optimal throwing technique can be acquired. The 

it aims for a high ecological validity by working closely together with coaches 
and trainers. 

Main objectives of this thesis
The general aim of this thesis is to understand the optimal conditions for fast 
and safe throwing in baseball pitching and how to teach elite baseball pitchers 

thesis can be summarized as follows:

performance in elite youth baseball pitchers.

instructions in elite youth baseball pitchers

performance in elite youth baseball pitchers.
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Thesis outline

Optimal performance
chapter 2 focuses on the 

was to quantify the relative timing between those segments, which involved an 

 Chapter 3 complements this work by focusing on the role of the 

association with throwing velocity were studied in a group of youth pitchers 
of the Dutch national academies. Video analyses of the pitching motion were 

ground.
 The kinematic characteristics of the scapula are studied in chapter 4. 
The aim of this study was to compare asymmetry and the evolution of scapular 

was studied in detail in order to gain insight into the possible development of 
scapula dyskinesia.

l f
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General introduction

Optimal training
Chapter 5 presents an observational study that was performed to compare 

statements of the coaches of the Dutch national academies, during actual 
baseball practice, it was determined what type of instructions coaches used 
during practice. 

chapter 6. In this study the national 
youth teams of the Netherlands, Belgium, Germany and Italy partook not only 
as participant, but the coaches were actively recruited in the construction of the 
methods in order to ensure a high practical validity. 
 In chapter 7
time feedback about the rotations of their hips and trunk. In this study, not only 

of feedback and instructions on the movement itself. 

Epilogue
Finally, in chapter 8, the main results and conclusions of the previous chapters 
are summarized and highlighted. This summary is followed by a discussion of 
some limitations of the conducted research and practical implications of the 
presented results and possible directions for future research as well as practical 
recommendations for baseball coaches.
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Chapter 2
The timing of peak pelvis and 

baseball pitching

Erik van der Graaff , Marco Hoozemans , Martijn Nijhoff , Michael 
Davidson , Merel Hoezen  & Dirkjan Veeger

Department of Human Movement Sciences, Faculty of Behavioural and Movement Sciences,
Vrije Universiteit Amsterdam, Amsterdam Movement Sciences, Amsterdam, The Netherlands.

Manual Fysion, Amsterdam, The Netherlands.
Department of Biomechanical Engineering, Faculty of Mechanical, Maritime and Material Engineering,

Delft University of Technology, Delft, The Netherlands.
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Chapter 2

Abstract

associated with throwing velocity. However, separation time appeared to be 

fastballs in baseball is likely to be a determinant of throwing velocity in skilled 
pitchers. 

Keywords: throwing, motion analysis, kinematics, performance
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Introduction

skill. The total body contributes to these high throwing velocities and has been 

several kinematic parameters not limited to those of the shoulder and arm. The 
position, translation and rotation of the pelvis are also important contributing 

and subsequent rotation in the transverse plane of the pelvis together are used 

investigate the roles of individual segment rotations separately in reaching 
high throwing velocities, they did not report on the timing of rotations between 
those segments, which is an important aspect of the working mechanism of the 

and upper body rotation could lead to a better understanding of the kinematic 
chain in baseball pitching. Although this can be studied by assessing the onsets 

 The time interval between the peak rotation velocity of the pelvis and the 

 It has been suggested that 
with an increase in the separation time, there is more eccentric loading on the 

 

parameters. They demonstrated that increased time between peak angular 
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Chapter 2

correlated with decreased ball speed. They also stated that variations in the 

body rotation, thus upper body rotation was a combination of the movements 

segment, the present study focuses more closely on the timing of the peak 

FIgure 1

pitches are synchronized at peak rotation velocity

 The objective of the present study was to investigate whether the 

with throwing velocity in fastball pitching. It was hypothesized that separation 
time is positively associated with throwing velocity. Measurements were 
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change 

preseason to midseason is associated with the change in throwing velocity.

Methods
Participants

 

participated in this study. These elite young pitchers are the best pitchers of 
their age group in The Netherlands. After having been informed of the aims 

Procedures
Measurements were performed in the Adidas MiCoach Performance Centre in 

cameras were installed around a portable mound to make the view as narrow 
as possible, optimizing the recording of all markers. Study aims and procedures 

and the attached markers. Pitchers threw towards a catcher, who sat in catching 

week, and from half April onward, also two matches per week.
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Data analysis

that were performed when markers came loose, or when a participant slipped 

three pitches for further processing. Before processing, landmark coordinates 

th

Hz to reduce the effects of sampling error. Segment local coordinate systems 

and the

 

The magnitude of the angular velocity was calculated as the norm of the angular 

total  

nd a b c

a, b and c. Based on these 

b  a
a  b c

Throwing velocity was calculated as the peak linear velocity of a marker attached 



529280-L-bw-vdGraaff529280-L-bw-vdGraaff529280-L-bw-vdGraaff529280-L-bw-vdGraaff
Processed on: 4-3-2019Processed on: 4-3-2019Processed on: 4-3-2019Processed on: 4-3-2019 PDF page: 37PDF page: 37PDF page: 37PDF page: 37

3737

Statistical analysis 

general simple linear regression equation was: 

outcome predictor

GEE was used, as it is able to account for the dependency between the 

was used. In the GEE analysis, participants were incorporated as a random 
factor to account for the dependency of the repeated trials within participants. 
Three fastball pitches per pitcher per recording session were used for the 

b1

b1

and separation time. Data of both the preseason and midseason were pooled 
together in these analyses. 
 Comparable analyses were performed to investigate whether the change 

was:

outcome predictor



529280-L-bw-vdGraaff529280-L-bw-vdGraaff529280-L-bw-vdGraaff529280-L-bw-vdGraaff
Processed on: 4-3-2019Processed on: 4-3-2019Processed on: 4-3-2019Processed on: 4-3-2019 PDF page: 38PDF page: 38PDF page: 38PDF page: 38

Chapter 2

Table I

T1 T2 p-value

77

Note

Results

p p
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Table II

b b p

b b p

b b p

b b p

b b p

b b p

Note
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Figure 2 

lines based on the results of the  regression analyses.
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Discussion 

velocity, resulting in an increase in throwing velocity. It should be kept in mind 
that there is likely to be an optimum for separation time and the predictions 

 This study underlines the reported positive association between 
throwing velocity and separation of the pelvis and upper body as shown by Sgroi 

pitchers who generally rotated the shoulders more than the pelvis showed the 

increased separation time is associated with a decreased throwing velocity, thus 

present study the association between separation time and throwing velocity 

association was observed between separation time and throwing velocity. This 

was done when we studied the changes from preseason to midseason. Secondly, 

attached to landmarks of the spine and the sternum, as recommended by ISB 

rotation and shoulder girdle protraction and retraction. As a result, the upper 
body, i.e. upper torso, peak rotation velocity estimated using acromion markers 

s was slower than the peak rotation velocity 
of the upper body estimated using acromion markers reported in literature 
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Chapter 2

placement warrants further study. 
 In the present sample of youth pitchers the association between pelvis 

 

pitchers. However, it is reasonable to assume that the high rotation velocity of 

throwing velocity within a homogeneous group are likely based on technique 

it was demonstrated that age and skill level are positively associated with 
rotation velocity of the segments and throwing velocity. In the present study, 
the pitchers were part of a relatively small and homogeneous group and are the 

individual differences in rotation velocity between pitchers were relatively 

Moreover, this association was also found within pitchers as we studied the 
changes from preseason to midseason. The association between the change 
in separation time and the change in throwing velocity, even within this small 
and homogeneous group, indicates that there could be a causal relationship 
between the two. This could be useful in, for instance, developing new training 
protocols for elite athletes to achieve higher throwing velocities.
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 Further studies, with respect to the role of the kinematic chain in 

kinematic chain. To quantify the of the upper 

potential sampling issues were resolved using an analytical approach. Besides 
quantifying 

the energy transfer between the segments. This energy transfer, for a tennis 

model. In baseball pitching, this model could give more insight in how the 
energy transfer is affected by separation time and this insight may result in 
higher throwing velocity. The importance of the separation time between pelvis 

in the kinematic chain, could initiate the development of new training protocols 

could be developed to help train the sequential rotation of, for instance, the 

learning proper mechanics is also considered helpful in the prevention of 

according to the kinematic chain in learning fast pitching in baseball might also 
result in safer throwing.

Conclusion

fastballs in baseball is likely to be associated with throwing velocity in elite 
youth baseball pitchers. Separation of segmental peak rotations deserves to be 

baseball pitching. 
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Appendices

Appendix (1)

Segment
SIAS
SIPS

Thorax IJ

Thoracic Vertebrae 10 T10

Appendix (2) Placement of pelvis and thorax markers.
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Appendix (3) Markers used for calculation of local coordinate systems.
Thorax

x-axis pointing forwards.

z-axis

x-axis midpoint of SIPS  midpoint of SIAS
RSIAS 

z-axis
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Chapter 3

association with ball speed in 
youth baseball pitchers

B. van Trigt , E. van der Graaff , M.J.M. Hoozemans , 
H.E.J. Veeger 1,2

Department of Human Movement Sciences, Faculty of Behavioral and Movement Sciences,
Vrije Universiteit Amsterdam, Amsterdam Movement Sciences, Amsterdam, The Netherlands.
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Chapter 3

Abstract

The purpose of this study was to determine whether stride length and knee 

of the shoulder, and at ball release are associated with ball speed in elite youth 
baseball pitchers. 

rotation, and ball release. The associations between these kinematic variables 
and ball speed were separately determined using generalized estimating 
equations. Stride length as percentage of body height and knee angle at foot 

youth baseball pitchers.

Keywords: 
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Introduction
The throwing technique of a baseball fastball pitch can be described as a 
coordinated sequence of body movements and muscular forces with the ultimate 

relation between lower limb mechanics and ball speed. A commonly held view 

by a study that reported pitchers who threw at a higher velocity had both a 

p
leg at FC was associated with a higher ball speed, which contrasts with most 
other studies. 

stride length, which partly is dependent on body height and the build of the 

a greater moment arm for the trunk to rotate forward over the “locked leg”. 

r
pitchers. However, this study was based on a small sample size and, to our 
knowledge, there are no other studies that relate stride length to ball speed, but 
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a study has been conducted that showed that ball velocity does not have to be 

 The studies described above indicate the importance of the lower 

ball speed in youth baseball pitchers might provide additional information as 
this study population shows more variance in anthropometric characteristics 

speed. The current baseball literature that includes youth baseball pitchers as 

was to determine whether stride length and knee angle of the leading leg at foot 

at ball release are associated with ball speed in elite youth baseball pitchers. 

in elite youth baseball pitchers.

Materials and Methods
Participants

Netherlands, at which the most talented baseball players of that region train. 
This research was conducted in accordance with the Declaration of Helsinki and 
the local ethical committee of the Department of Human Movement Sciences 
approved the measurement protocol. Both participants and their parents were 
informed of the procedure and study aims before the start of the measurements. 
Informed consent was obtained from the parents of the participants before 
involvement in the study.

Procedure

academies. After performing several anthropometric measurements, the 
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pitchers were given an unlimited amount of time to warm up for pitching. 
They were instructed to prepare just as if they were going to pitch in a game. 
The pitchers wore sneakers, athletic shorts and no shirt. They also wore 
their catching glove to mimic the game situation as closely as possible. Once 
a participant was ready to pitch, he performed ten fastball pitches for data 
collection. The participant pitched towards a catcher behind the home plate 

available during the measurements.

Data aquicition

camera was placed behind the mound and directed towards the home plate, 
the second was placed sideways to the mound and the third was placed slant in 
front of the mound. After the cameras were setup, they were not repositioned 

cameras was moved, a new calibration was performed. Before every pitch, a 
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Figure 1 The views of the three cameras for recording a pitch at ball release are 

the view in question for the direct linear transformation. Picture D shows one of 
the three pictures of the wooden reference frame that was used for calibration.

Data analysis

made contact with the ground after the stride. Marking lines where taped on 

marking line and the pitching rubber were marked manually in Matlab. The total 

to obtain the conversion rate. The stride length of the youth baseball pitchers 

the ankle joint center of the leading leg at FC. Subsequently, the relative stride 

body height. 
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include as much as possible of the space in which the pitcher was moving. The 

ankle, the midpoint of the shank, the joint center of the knee, the midpoint of 

points were marked manually using Matlab, without the assistance of markers 

the smallest angle between the vectors through the lower leg and the upper leg 

stride length knee angle 

Figure 2 Illustration of the calculated stride length and knee angle calculated 

Statistical analysis
Five of the ten pitches of each participant were included in the data analysis. 

the associations between the knee angles and ball speed, and between relative 
stride length and ball speed, regression analysis using Generalized Estimating 
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measurements and accounts for this dependency. This means that linear 
regression analyses could be performed without the necessity of using the 

within person variation is taken into account when calculating the regression 

analyses the potential confounding variables body height, age, and body weight 
were taken into account, which showed a strong correlation with ball speed 

height. Another potential confounding variable was pitching from a mound or 

not an issue. The analysis started with a simple linear regression with one of the 
knee angles or the stride length as predictor variable and ball speed as outcome 
variable. Then the possibly confounding variables body height and mound were 

was never observed and interaction variables were, therefore, not included in 

as a measure of strength for the associations. All statistical analyses were 

Results
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height and mound appeared to bias the association between knee angle at 

be biased by both body height and mound. After adjusting for these confounders, 

Table 1

presented when included in the regression model.  
Kinematic 
parameters

with or 
without 
cofounder

B 95% CI Confounding Variables (B (95% CI))

Relative 
stride length 
(%)

Crude 0.046 -
Adjusted

Knee angle at 
FC (degrees)

Crude -
Adjusted

Knee angle at 
MER
(degrees)

Crude -
Adjusted

Knee angle at 
BR (degrees)

Crude -
Adjusted

Note p
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Figure 3 

Discussion
The purpose of this study was to determine whether stride length and knee 

ball speeds.

in the population of the present study, which consisted of a homogenous group 
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of youth elite baseball pitchers. The observed result can be an indication of 
the relevance of knee angle. Moreover, the observed small effect may still be of 
practical relevance, because at the top level of baseball, small details can make 
a large difference.

Table 2 Comparison of kinematic parameters between the current study and 

Parameters Present study Milewski et al. 
(2012)

Fleisig et al. 
(1999)

Dun et al. 
(2008)

this is comparable to the stride length found in two other studies 

joints and corrected this value for body height, while in the present study the 
distance between the pitching plate and the center of the ankle joint from the 

studies results in lower relative stride length values. This should be taken into 
account for the comparison with the value of this study. The linear regression 

as percentage of body height in youth baseball pitchers . This association can 

did not measure any stride lengths outside this range. Only Montgomery and 

between stride length and ball speed. Pitchers in that study had to throw with 

study. However, this study is not comparable with the present study because the 
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association was determined for each pitcher individually, while in the present 

to have a shorter stride length, since it does not seem to affect ball speed, but 

needed to understand whether there is an association between stride length 
and ball speed or not.

report associations between ball speed and knee angle, which do not support 

speeds. Therefore, practical implications based on these associations should 
be critically evaluated. In case of a potential causal relationship, it should be 

, which means that the gain in ball speed 

 The observed association between ball speed and the knee angle of the 
leading leg might actually be a causal relationship when several mechanical 

leading leg. This results in a braking effect during the stance phase, which means 

the shorter moment arm. The trunk is the segment with the highest mass and 
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is, therefore, potentially one of the greatest force generators in the kinetic chain 

effect of the lead leg is shown to be important because it allows the trunk and 

 In the present study population of youth baseball pitchers, a large range 
of body types was present due to the obvious effects of growth and maturation 

was, however, not within the scope of the present study. If similar measurements 
would be performed over time, future studies could focus on the effects of 
growth in relation to throwing velocity. In the present study, however, we do 
have to correct for the observed range of body types to arrive at the independent 

the methods section, we only treated body height as a confounder, as it was 

 Taking all these confounders into account 
at the same time in the multiple regression analyses would have introduced 
issues of collinearity. Therefore, only one of those potential confounding factors 
needed to be selected for eliminating confounding. Of those factors, body height 
appeared to be the strongest predictor and was, therefore, the variable chosen 

considered a variable representing other variables like body weight, age etc., 

confounding, and 
also interaction, was the mound. Pitchers who threw off a mound had a more 

included as confounding variable. However, interactions with mound appeared 

ball speed, and between stride length and ball speed, are not different for the 
pitchers throwing from a mound and the pitchers not throwing from a mound. 
Others also reported kinematic differences between pitching off a mound 

a consequence of the delay in lead foot contact when stepping down off the 

mound as a confounding variable. However, having included pitchers that also 
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from a mound, warrants careful generalisation of the results of the present 
study. In future studies, the associations between kinematic variables and ball 

Conclusions
In conclusion, while stride length and knee angle at FC are not associated with 

with higher ball speed in the present sample of elite youth baseball pitchers. 

whether this actually affects ball speed should be subject of future studies. In 
addition, future studies should focus on describing the knee angle during the 
complete pitching cycle and study whether certain characteristics of this time 
series, for instance the rate of change of the knee angle within a certain phase of 
the pitch cycle, are associated with ball speed. 
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Abstract 

In baseball pitching, the scapula plays an important role in the transfer of 
energy from torso to arm. As a result of the typically asymmetric training of the 
pitching motion, coordination of scapular rotation in the dominant arm might be 

pitchers. The aim of this study was to compare asymmetry and the evolution 

the scapula were palpated and marked with colored permanent marker on the 
skin and motion was tracked at different glenohumeral angles of elevation in the 

rotation was calculated as the angle between the spinae scapula and the spine. 

upward rotation for the dominant arm was observed, again in the absence of a 

may indicate that youth baseball pitchers could be at risk to develop shoulder 
injuries, especially pitchers that have been associated with scapular asymmetry. 

Keywords



529280-L-bw-vdGraaff529280-L-bw-vdGraaff529280-L-bw-vdGraaff529280-L-bw-vdGraaff
Processed on: 4-3-2019Processed on: 4-3-2019Processed on: 4-3-2019Processed on: 4-3-2019 PDF page: 65PDF page: 65PDF page: 65PDF page: 65

65

Introduction 

velocities. Such high speeds can only be reached with a perfected technique that 

action, the scapula plays an important role in controlling the shoulder joint. The 
scapula must move in accordance with the humerus to provide a stable base 
for the humeral head, but also plays an important role in the transfer of energy 

margins for healthy scapular motion are rather limited. The scapula provides 
congruence between the humeral head and the glenoid cavity to stabilise the 

support is essential for stability and mobility during the throwing action in 
overhead throwing athletes.
 It is often considered problematic when differences in the kinematics 
between the left and right scapula are found in athletes performing overhead 
throws

passive range of motion in combination with scapular dyskinesis may 

Asymptomatic throwing athletes have been reported to have several adaptations 
in their dominant shoulders during humeral elevation tasks. However, there is 
no clear evidence of a causal relationship between altered scapular kinematics 

 Upward scapular rotation is one of the constitutent movement directions 

important during overhead activity to prevent impingement of the rotator cuff 

 Decreased upward rotation has been found to have a high correlation 

a 

dominant shoulder was observed in the dominant throwing arm of professional 
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However, these were cross sectional studies that did not address the possible 
decrease of upward rotation occurring in time in baseball pitchers.

of elite youth baseball pitchers. 

for players of different ages. Based on previous studies, it was hypothesized that 
pitchers will demonstrate a greater upward rotation in the dominant arm than 

Method 
Participants and study design`

groups was made, based on the team division in the local baseball competition, 

ethical committee of the Department of Human Movement Sciences before 
its conductance. Informed consent was obtained from the parents of the 
participants before participating in the study. 

Figure 1a + b 
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Figure 2

Procedure

palpated and marked with coloured permanent markers on the skin at different 

all palpations. 

to the spine was determined with these coordinates using custom Matlab 
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spinae

The angle 

. In this way, when the spinae 

Statistical analysis

and whether these differences were affected by the level of arm elevation and 

The assumption of normality was checked by means of visual inspection of the 

violations of these assumptions. All statistical analyses were performed in SPSS 

Results 
Asymmetry in scapular upward rotation

 on 
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dominant scapular upward rotation for all studied angles of arm elevation is 

Figure 3

Figure 4 Upward rotation of dominant scapula for the young and old age 
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Change in scapular upward rotation of the dominant arm
 on 

Figure 5

Discussion 
As hypothesised, we found an asymmetry in scapular upward rotation between 

Asymmetry in scapular upward rotation 
The magnitude of asymmetry in upward rotation found in the present study 
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The present study aimed to cast light on the evolution of this asymmetry as well. 

between age groups could be a proportionate increase in muscle strength of the 
older age group due to the higher amount of testosterone in older age groups 

considered that the main factor contributing to the asymmetry is that pitchers 
only throw with their dominant arm. This was the case for both age groups 

these age groups apparently not cause differences in asymmetry in upward 
rotation. However, the method used to assess scapular upward rotation yielded 

of the scapula can be different in upward or downward movement of the arm, 
especially when a pitcher has less scapular control. Also our marker method is 

conducted the palpation.

Change in scapular upward rotation of the dominant arm 

of the dominant armhas a positive relationship with upward scapular rotation, 

demonstrated comparable changes in scapular upward rotation. Nevertheless, 
the results of the present study might be clinically important. Apparently, the 

scapular upward rotation compared to the younger participants and also no 

generally be assumed, however, that the physical strength increases of these 
young pitchers increases as they grow older, and therefore throw faster. As 
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several studies indicated that a decrease in scapular upward rotation may be 

Thus, future research should focus on assessing scapular motion over a longer 
time period during the development of young athletes, especially in asymmetric, 
injury prone sports, such as baseball pitching.

Conclusion 
This study showed that the dominant arms of elite youth baseball pitchers 

However, scapular upward rotation was not greater for the older pitchers as 

year study period in either age group. As a result of the asymmetry in upward 
scapular rotation, these athletes could be at risk to develop shoulder injuries, 

incorporated to minimize scapular upward rotation of the throwing arm. 
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Abstract

It has often been shown that performance and learning in movement tasks may 
be improved by focusing on the effect of the movement in the environment 

SD 

of attention statements. Correspondingly, the responses on a questionnaire 

oriented instructions and feedback. The present results show that, also in 

focus of attention instructions notwithstanding. 

Keywords Instructions, Focus of attention, Coaching, Baseball, Training
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Introduction

generating a very high throwing velocity. The fastest pitch ever recorded was 

served two aims, namely to understand how to generate high throwing 
velocities and how to minimize musculoskeletal injuries by optimizing the 

required for optimal pitching performance are still not fully understood. Apart 
from gaining a better understanding of the pitching action, elucidating these 
aspects may help to identify and support young talented pitchers through 

feedback should be given to young talented pitchers in order to improve their 
pitching technique and thus their throwing velocity. 
 Previous research has suggested that instruction and feedback 
determine the focus of attention adopted by actors, which in turn affects both 

attention is focused on the effects of the movement in the environment, and an 
internal focus of attention, in which attention is focused on the movement itself 

focus of attention may improve performance and learning more than an internal 

The coaches in this study predominantly provided instructions and feedback 

to adopt an internal focus of attention. However, in view of the results of studies 

on performance and learning, this might not have led to the best possible 
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performance and learning outcomes.

in that it raises questions about the relationship between sports science and 
sports practice, it suffers from three limitations that preclude generalization of 

A second limitation, also acknowledged by the authors, is that the reliability 

rather than direct recordings of the instructions given by the coaches in 
authentic practice situations. A third limitation, not noted by the authors, is 

fully representative for, or equivalent with, other sports disciplines with regard 

in the environment. In contrast, instrumental sports actions, such as hitting a 
tennis ball or shooting a basketball, involve a clear environmental goal and thus 

Also baseball pitching is a discrete aiming task with a clear environmental goal, 
namely to throw the ball through the strike area of the batsman into the glove 

be that coaches are more inclined to use instructions and feedback in baseball 

common by the pitchers themselves. The main aim of the present study was to 

when instructing elite youth players in baseball pitching training, i.e. a discrete 
aiming task with a clear environmental goal. In doing so, we sought to avoid the 

 To this end, we recorded all the instructions and feedback given by 

and feedback with an internal focus of attention but relatively speaking a greater 
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the instructions given by the coaches and the goal of the training sessions, i.e. to 

instructions. As regards the former objective, we measured how the throwing 
velocity evolved over the training sessions. The instructions given by the coaches 
were intended to improve pitching performance, and it is hypothesized that 
differences in the type of instruction provided by the coaches led to statistically 
different changes of the improvement of performance. As regards the latter 

Method
Participants

baseball academies in The Netherlands, were recruited for the present study. 
The baseball academies in question deliver teams that compete in the Dutch 

n SD

SD SD
Before each training session an attendance and injury check was performed in 

n SD

the study or mentioning the variables of interest besides throwing velocity. 
Given that the present study was an observational study, neither pitchers nor 
coaches received any form of instruction or feedback from the researchers 
during the study. All participants and their legal representatives signed an 
informed consent form before the study was initiated.

Procedures

coaches once per week for four weeks. All practice sessions were indoors. Due 

 In order to record all instructions from the pitching coaches, each coach 
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each training session. The voice recorder was active during the entire training 

 Depending on their age and team, the players threw a minimum of 

session. The throwing velocity of all throws from the pitching mound was 

was calculated. 

with no established validity and reliability. This questionnaire was developed 
in order to obtain more information about the focus of attention used by the 

related questions were hidden such that the participants remained blind to 
the main goal of the questionnaire. These focus related questions consisted of 

relation to the practice session that the participants just completed, so as to 

in question. Players had to indicate how much they agreed or disagreed with 

two previously mentioned questionnaires, pitchers also had to answer two 
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instructions they perceived as most useful and the three instructions they 
perceived as least useful to accomplish a higher throwing velocity. 

Data analysis

Comments were coded as invoking an internal focus of attention when they 
contained information regarding the correct placement of various body 

leg up”. Comments that were directed at the effects of the movement in the 

all statements into the three categories individually. On the basis of their scores, 

and fourth week was analyzed using a paired samples t

measures. The same analysis was performed for throwing velocity. Both 
the paired t

p
subjects factor coach was added to determine if the coaches players differed in 
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Table 1 

Comments evoking an internal

focus of attention. (Category 1)

Comments evoking an external 

focus of attention.(Category 2)

Use your hip

Finish your leg kick before you go home

Get the left foot down

Throw a strike

Aim at the mitt

Stay over your shoes

Go straight to the plate

Table 2

MSRS

I try to think about my movements when I carry them out.
I am awre of the way my body works when I carry out a movement.
I remember times when my movements have failed me

BSQ
I try to speed up the ball as much as possible.

I think about the trajectory of the ball.
I think about my movement during pitching.

I try to spin the ball as much as possible when i throw a breaking ball.
I try to snap my wrist as much as possible when i throw a breaking ball.

I try to step down the mound as fas as possible
I try to put my foot down good when I am pitching
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Results
Coaches’ instructions

were written out and subsequently categorized independently by two raters. Of 

of statements given between coaches, all coaches used more statements that 

Figure 1

MSRS

score after the training period, t p SD
SD

focussed in their attention after the training period. Only two of the participants 

participants generally tended toward an internal focus of attention.
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BSQ
SD

F p F p

four weeks of the training period can be considered equal.

Open-ended questions

instructions that were deemed helpful by the players in increasing their 

of the players mainly consisted of instructions invoking an internal focus of 
attention.

Throwing velocity
SD

F p
F p

SE p
SE p

Discussion

sports action, i.e. baseball pitching, that, by its nature, gives more opportunities 

of attention instructions than non or less instrumental sports actions like 
running. In doing so, we attempted to enhance reliability and validity of the 

training situation itself. 
 In the present study, over seventeen hundred coaching instructions 

pitcher training, and subsequently categorized according to the type of focus 

most instructions were directed at the movement of the pitchers themselves. 
The observed predilection in baseball pitching training to provide instructions 
and feedback on the pitching movement themselves rather than on their effects 
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internal focus of attention. This correspondence in results is interesting because 
the study by Porter et al. was focused predominantly on running, whereas 
the present study was focused on baseball pitching. Since baseball pitching, 
unlike running, provides ample opportunities to give pitchers instructions 

minority of all focus of attention instructions given. Importantly, this was also 

 To obtain more insight into the focus of attention of the players during 

used an internal focus of attention during practice. 

as of yet no psychometric characteristics of this questionnaire are available. 

of the instructions reported by the players themselves were instructions and 

focus of attention. 
 In sum, internal focus of attention instructions prevailed in both the 
recorded coaching instructions and the instructions reported by the pitchers 

sports action, and thus contributes to its generalizability. The apparent 

still give instructions invoking an internal focus of attention, players prefer 
such instructions since they are used to them and assume that they are effective 
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episodes than have typically been studied in previous research.  

Conclusion
In baseball, pitcher training coaches mainly employ internal focus of attention 
instructions, i.e. instructions that direct attention at the movement itself. 

in improving their performance. The present results indicate that, also in sports 
involving clear instrumental actions, i.e. motor tasks with clear environmental 
effects, such as baseball pitching, instructions and feedback invoking an internal 
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Chapter 6

Abstract

Many studies have shown for a variety of tasks that both motor performance and 

training practice of elite athletes and over long training periods is unknown. 

were found with regard to the development of throwing velocity and accuracy 

Keywords: Instructions, Focus of attention, Coaching, Baseball, Training
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Introduction

musculoskeletal stress, which makes pitchers prone to injuries. Elbow and 
shoulder injuries in particular are common among pitchers and known to 

In the development of baseball pitchers two opposing aims play a key role, 

counted and restricted during both training sessions and matches. 

focused predominantly on assessing optimal pitching mechanics to enhance 

kinematic assessments have often been used for this purpose, but also have 
become an integral part of the development and training of elite pitchers, which 
in turn has led to an increased interest in the optimal pitching technique. As a 
result of this development, the optimal timing of pelvis and trunk rotational 

of the timing of pelvis and trunk rotational movements provide the trainer 
and pitcher with information that can be used not only to optimize the elite 

pitch properly and effectively. 
A both theoretically and practically relevant question is how a proper pitching 
technique is best acquired through training and taught via instruction and 
feedback. This is an intricate issue because the domain of motor learning is rife 
with theoretical concepts and corresponding training methods, all of which 

study we concentrate on the role of attention in developing the ability to pitch 
at high velocities. The reason for this choice is that a wealth of studies have 

was performed with the aim to provide an overview of the studies published 
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and learning were found eligible and included in this systematic review. From 
these studies, the following information was gleaned and presented in Table 

be appreciated from this table, the vast majority of the performance studies 

day. The participants of the acquisition

took part in series of practice trials under controlled conditions that covered 

situations with limited ecological validity, and in studies of relatively short 

focus of attention and internal focus of attention over a longer time span in 

testing the hypothesis emerging from the literature that verbal instructions 

compared to instructions invoking an internal focus of attention in regular 
baseball pitching training with trained pitchers over a longer period of time. 

of four European countries participated, using throwing velocity, throwing 
accuracy and throwing technique scores as the main outcome measures. The 

relevance. 

Table 1
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Method
Study design

randomly generated by a computer in order to allocate each athlete within the 

in the reversed order. 

in the baseball calendar in Europe.

intervention with both a between and a within group comparison. Moreover, the 

in our study as all subjects would receive the same intervention, such that each 
participant would have equal opportunity to take advantage of both types of 

Study population

teams of Belgium, Germany, Italy, and the Netherlands agreed to participate in 

involved in an adapted training program because they were recovering or 

the study, four players dropped out, three players became injured and one 
player was eliminated from the national team program.
 The pitchers were informed about the goals of the study in general terms, 
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local ethics committee of the Department of Human Movement Sciences. All 
participants and their legal representatives signed an informed consent form 
prior to participation.

Intervention development and design

consultation with the coaches of the participating teams and results from 

of good and bad postures.

addition, the coaches had to write down the instructions that should accompany 

participatory approach was chosen to let coaches have ownership over the 
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Table 2.

Instructions and feedback evoking an 
internal focus of attention. 

Instructions and feedback evoking an 
external focus of attention.

Key point 1: ‘When squatting down, knee stays behind toe’

 
Key point 2: ‘During wind-up swing, arm stays in line with the shoulders’

shoulders, elbow and hand. straight behind the player, during the 

Key point 3: ‘Knee of stance leg rotates inward before foot plant’

you put you foot down.

knee inside.

Hit the cone with your knee before your 

in between the legs, the knee of the push 
of leg has to touch the cone before foot 

Key point 4: ‘When arm swings up, hand moves above shoulder line before elbow’

wards the ceiling.
 

Key point 5: ‘At MER, foot points at target’
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Key point 6: ‘The elbow is at the same height as, or higher then the shoulder’
Move the ball along the ceiling.

Key point 7: ‘Knee is extended through ball release’.
-

wards. shoe backwards.

around the knee which is pulled forward, 
the player has to pull it backward, there

Key point 8: ‘Release point of the ball is in front of the front foot;

forward.  
Key point 9: ‘Thumb points down after ball release,’

lease.
After ball release, grab something from 
your pocket.

Key point 10: ‘Trailing leg rotates over the line between stance leg and catcher.

throw.

front of the pitcher, if the player kicks the 

within teams by instructing the coaches to give all pitchers within their team 
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teams. The intervention groups were not able to see the intervention or hear the 
instruction of the other group as they trained in different locations. All coaches 
were equipped with a recording device to be able to check whether the coaches 
instructed reliably, even if the main researcher was absent.

Figure 1 Study design

on the results of the baseline measurements. Each individual schedule focused 
on the key points that could be improved for the player in question. During 
the actual intervention the coaches gave instructions and feedback on the key 

attention or an internal focus of attention based on the intervention group of 

albeit that three pitches in a row were made to each location in order to reduce 
the number of times the pitcher had to focus at a new location, which could 

Figure 2
locations as used during the bullpen sessions. 

the strike zone.

External focus
intervention

Internal focus
control group

External focus
intervention

Internal focus
control group

pre-test to test 1 differences
in Table 4

test 1 to test 2 differences
in Table 4

Group caracteristics
in Table 3

Group I-E
N=22

Group E-I
N=19

week 0
pre test 

N=45

week 9
test 2
N=41

Randomization Cross-over

week 5
test 1
N=41

Group I-E
N=22

Group E-I
N=23
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Outcome measures
During the tests, the primary outcomes, i.e. throwing velocity, throwing accuracy 
and technical performance, were assessed during a bullpen session. The test 

order in which the target locations were presented was randomly generated 

or another pitcher who was standing at the normal referee position. No other 
instructions were given during the test. 

the catcher. 
 The accuracy of each pitch was assessed by charting the observed 

percentage of scored points of the total points.
 The throwing technique was assessed by the principle investigator, who 

the pitcher, one was placed at the throwing arm side of the pitcher, and the third 
camera was placed squarely before the pitcher. For every pitcher, three pitches 

th th th

point, the video frame was searched corresponding to that moment in the pitch 

pitcher. To minimize the subjectivity of the scoring process, before the start 
of the intervention, a small sample size reliability study was performed. The 

agreement than the average, the description of the key point was rewritten to 
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Figure 3

visible the foot does not point towards the target. 

Statistical analysis
Body height, body mass, and baseline values of the outcome measures of the 

groups were similar at baseline. Progress scores for every outcome variable 

focus of attention in regular baseball pitching training with trained pitchers, 
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assess the effect of, and possibly account for, the level of team, and compared to 

and thus the effect of the level of coach on the outcomes, were accepted if the 

a regression model with a random intercept and slope for coach. All statistical 

Results
Descriptives

not necessary.

Table 3
intervention groups at baseline, and p
intervention groups at baseline.

p-value
Body height (cm)
Body mass (kg) 0.10
Ball velocity (mph) -1.1
Accuracy score (%) 1.0
Technique score 0.1
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Figure 4 A+B

tests. 
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Figure 5 

of scored points. t: technique score in points.

Table 4 Difference between intervention groups for changes in all outcome 

outcome variable difference in change
between intervention
groups

 interval
statistics used

Before cross-over

Throwing velocity

Throwing
accuracy
Technique score

Throwing velocity
model with random
intercept for coach

Throwing
accuracy with random

intercept for coach
Technique score

v: 77.7 SD 4.5
a: 43.3 SD 14.0
t: 15.0 SD 4.0

External focus
intervention

Internal focus
intervention

External focus
intervention

Internal focus
intervention

no sig.  difference in 
progress between groups

v: -.024
a: +7.0
t: +0.09

v: -1.63
a: +0.20
t: -2.82

sig. difference in change
score for technique 
(p=0.025)

v: +0.24
a: -4.60
t: -1.18

v: +0.55
a: +1.83
t: +0.73

no sig. difference 
between groups

Group I-E

Group E-I

v: 76.2 SD 4.4
a: 44.3 SD 14.0
t: 15.0 SD 4.0

v: 76.9 SD 4.4
a: 43.7 SD 13.7
t: 15.0 SD 4.0

week 0
pre test 

N=45

week 9
test 2
N=41

Randomization Cross-over
week 5
test 1
N=41
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Intervention outcomes

observed in the change of the technique score. The internal focus intervention 

Discussion

type were found with regard to the development of throwing velocity and 
accuracy over time, whereas internal focus of attention instructions even led to 

 There might be several reasons why the main research hypothesis, 

the main task, throwing the ball at the pitchers mitt could already effect the 

 Second, it could be that the type of instruction they consistently receive 
from their coaches, often for years on end, has conditioned athletes. It is known, 
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absent may be mitigated in studies with elite athletes such as the present one. 
Third, the pitchers who participated in the present study were elite athletes 
belonging to the best pitchers of their country and age category, implying 
that their skill level was already very high, making it much harder to improve 
pitching performance than in novice or recreational pitchers. It is therefore 
quite possible that the present study was limited by a ceiling effect and that 

performance improvements to become manifest and to differentiate between 
interventions in this regard. In anticipation of this possibility, we chose to 
conduct our intervention study at the beginning of the year, after the pitchers 
returned from a rest period, as we deemed this the most favorable period to 
bring about changes in pitching performance. Nevertheless, the observed 
progress in pitching performance was minimal.

One crucial methodological limitation was the lack of control over the degree 
to which the coaches adhered to the type of instructions they were supposed 
to use in the various conditions, however, because the aim was to test the 
effect of those instructions in a regular environment, where players are being 
taught by their trainer, it is paramount that the actual coaches were giving the 
instructions, and not a researcher, or just instructions on paper. To get an idea of 
the magnitude of this problem, we analyzed randomly selected samples of the 

this degree of adherence to the prescribed instructions might be seen as an 
acceptable margin of error, as well as inevitable given the nature of the study, 
it renders the comparison of the effects of instruction type on performance 
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Conclusion

similar development in pitching performance operationalized in terms of 
throwing velocity, accuracy and technique, which was largely independent of 

developed more favorably under internal focus of attention instructions. In light 

focus of attention instructions are best employed and implemented in an elite 
training program, at what stage and in which proportion to internal focus of 
attention instructions. 
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Appendix I: Systematic Reviewpp y

Systematic review methods
A research librarian conducted a comprehensive literature search using the 

Pubmed search (744 hits):
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SPORTDiscus search (284 hits):
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Inclusion and exclusion criteria

participants. Furthermore, studies that did not investigate motor performance 

review was formed. 

Reviewing process

papers investigated the same task, only the study with the most participants 
was given further consideration.

Outcome categorization

and the study duration. In the table a distinction is made between performance 

acquisition

different foci of attention.
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Appendix II: 10 Keypoints
Description

behind toe.
Swing down, arm stays in line with 
the shoulders.

before foot plant.

moves above shoulder line before 
elbow.
Front foot points toward target at 
foot plant.
The elbow is at the same height as, 
or higher then the shoulder.

7
release.

the front foot.
Thumb points down after ball
release, when swinging down

Trailing leg rotates over the line
between stance leg and catcher.
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Abstract 

instructions on motor performance and learning have concentrated on 

as well as technical feedback, on the development of outcome measures of 

focus of attention instructions, internal focus of attention instructions and no 

when technical feedback was provided in combination with internal focus 

group receiving internal focus of attention instructions only. Although this effect 

if, and under what conditions, these effects can be long lasting. 

Keywords: feedback, focus of attention, pitching, motor learning, biomechanics
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Introduction
Athletes attempt to improve their performance through training, often with the 
help of a coach. Coaches, in turn, try to optimize training, ideally by applying 

Generally, performance enhancement is measured in terms of ‘faster, higher, 

number of possibilities an athlete has available to achieve the desired outcome 

a theoretical and practical point of view is how both performance and movement 

the throwing motion. Biomechanical studies have provided empirical evidence 

focus of attention during training. A wealth of studies have shown that 
providing instructions that direct attention to the effect of the movement in 

has mainly been obtained in studies involving students as research participants. 

of attention instructions in their regular training environment as has been 

moderate skill levels. 
 The effects of feedback on skill acquisition have been documented in 

mobile phone, providing high quality images at high frame rates, video feedback 
is often integrated in regular training practice. The use of technical feedback 
from wearable technology, however, has only recently made its appearance in 
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document movement behaviour more accurately than with video. Furthermore, 
information of all activities during training can be stored and compared, which 
stands in contrast to recording and replaying only one or a number of movements 

feedback during bullpen training of baseball pitchers. The research question 

 In order to study the differences between receiving no instructions, 

internal focus of attention on the development of throwing velocity and accuracy 
in baseball pitching and the development of peak rotation velocity of pelvis 

training intervention with a retention test one week later. It was hypothesized 

better than players receiving no instructions and players receiving internal 

wondered what the differences would be between groups receiving technical 
feedback as well as internal focus of attention instructions and groups receiving 

would be of receiving technical feedback to receiving internal focus of attentions 
instructions. In particular, it was hypothesized that players receiving technical 
feedback together with internal focus of attention instructions would improve 

of attention instructions during training.

Methods
Participants

academies, playing at the national instructional league for their respective 
age levels, were recruited to participate in the study during regular training 
sessions. All participants and their legal representatives were informed of the 

study was approved by the local ethical committee of the Department of Human 
Movement Sciences of the Vrije Universiteit Amsterdam under reference ECB 
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Study design
The study consisted of three intervention days that spanned two weeks and 

taken as retention test. Pitchers were not allowed to perform any throwing 

activities in the week between the second and third intervention days were not 

coach on Tuesday. 

Figure 1 Study design

Experimental groups
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Chapter 7

displayed after every pitch. The control group received neither instructions nor 
feedback.

Table 1
internal focus 

sible.

First rotate your hip and then 
your chest.

external focus 

possible towards the catcher.

possible towards the catcher.

Make the distance between the devices as 
large as possible.

Procedure
Before each study day, the coach drew up a schedule at what time pitchers 

their hips and one around their trunk. Both bands held a pocket in which an 

the mound before starting the training, allowing them to familiarize themselves 
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in the control group were told that, while performing their training session, they 

instructions as well as possible. All instructions were printed out on a sheet of 

rotation velocity of their hips and trunk, but that this measurement was only 
for research but not for training purposes. The players that received feedback 

the laptop. Both the laptop and display map were placed besides the pitching 
mound. For the feedback group, the laptops were placed with the screen facing 

were placed close enough to ensure proper Bluetooth connection but with the 
screen facing away from the mound to prevent players from looking at them. 

Figure 2 Test and training procedure.
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Data acquisition and analyses

wirelessly connected to a laptop via Bluetooth. The incoming data stream was 

preserved for further statistical comparison.
 Following each test, pitchers answered two questions about their focus 

for each test. This individual average was used to calculate the direction of the 

Figure 3
locations as used during the bullpen sessions. The 

height determining the height of the strike zone.
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Statistical analyses

were employed in two steps. First, the difference between the EF group and 

Figure 4 Visualization of the comparisons made with the two statistical models: 

involving planned Helmert contrasts.
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Results

between training days. Also one retention test had to be cancelled midway due 
to a thunderstorm.

p

p

groups. 

p=
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Figure 5 A/B/C/D 

F internal focus with feedback group.

Effects of instruction
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comparing the EF group and the control group and comparing the IF group and 

tests for the four outcome measures.

Table 2
the control, EF and IF group, for all the four outcome measures, of the change 

 
comparison 
between  

between: IF-EF

 -0.01 0.58
 
 Thorax

0.53
 1.06 -0.77
 Thorax 1.01 0.93

-0.50
 
 -0.01

Thorax 0.26

Effects of instruction and feedback
Contrast between EF and IF & IF+F group
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Contrast between IF and IF+F group

Table 3 

p
comparison between

between:
p Hedges’ g

 
 0.079 0.63
 Thorax

 -0.62
 
 Thorax

-0.55
 
 
 Thorax
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  comparison between
 
 p Hedges’ g

 -0.65
 -11 0.099 0.82
 Thorax

 -1.16
 1.33
 Thorax -1.03

0.091 -1.05 

 
 
 Thorax

Discussion
Effect of instructions

nor between these groups and the control group receiving no instruction. 

number of previous studies involving students or other less skilled participants 
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with the same coach, and thus are repeatedly receiving the same type of 

why no changes in performance measures were observed in the present study 
resides in the possibility of a ceiling effect in that the actual performance level of 
the participating athletes left little room for further improvement. Most studies 

instructions in elite athletes only concentrated on outcome measures and not 

to achieve a desired outcome, which could elevate their skill level. Diversity 

parameters. 

Effect of instructions and feedback 

outcome measures. It was hypothesized that feedback combined with internal 
focus of attention instructions evoking focus would enhance performance 
compared to receiving only instructions and no feedback. Although there 

in youth elite sports. Such feedback might be useful for skill development but 
also for injury prevention. However, studies over a longer time must indicate 
if retention effects show the same effect sizes as found in the present study, 
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and thus if feedback indeed should structurally be integrated in professional 
baseball training practice. 

Limitations and recommendations

with athletes that were part of a national program, and were thus obligated to 

be cancelled half way due to weather conditions. It might be argued that due 

between the training interventions. On the other hand, however, the wide 
range of drop out reasons probably ensured that this drop out was random and 
did not have an effect on the observed effects and effect sizes, some of which 

present study, it might be recommended to include even a larger number of 
participants than would be necessary to reach statistical power, in order to 

Conclusion
Performance development in elite pitchers during training was found to be 
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Appendix 1
Direction of the focus of attention as scored through the questionnaires, for 

differ from each other in the general direction of focus of attention.

Figure 6 Group mean and SD for the general direction of focus of attention of 
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Chapter 8 
Epilogue
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The overarching aim of the work presented in this thesis was to gain a better 
understanding of fast and safe throwing in baseball and how to effectively train 

in relation to throwing velocity. Chapter 2 focused on the timing between the 

view, this result also opens the door towards an online feedback application 

of the thesis, two studies were presented that focused on a individual joints 
parameters. Chapter 3
was related to higher throwing velocity. Using a generalized estimated equation 

from a mound. Chapter 4 

 On average, 

development of shoulder injuries. The asymmetry was displayed in both a 

instructions in elite baseball training was evaluated. First, verbal statements of 

chapter 5). Analysis of these statements revealed that the coaches gave twice as 
many instructions that invoked an internal focus of attention than instructions 

chapter 6
performance in elite youth baseball pitchers was studied in chapter 7 and it 
was found that, on a group level, instructions focussing on the movement itself 

in a single training session. Additional feedback therefore seems a useful tool in 
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Optimal pitching performance

chapter 2 it was found that the timing between 

present study, this association was also found within pitchers, and accounted 
for the changes from preseason to midseason. The strong association between 
the change in separation time and the change in throwing velocity found in 
this small and homogeneous group suggests that there is a causal relationship 
between the two. If so, it would be useful to provide feedback on the timing 
between segments in training the kinematic chain and thus pitching with the 
body as a whole. This could potentially lead to new training protocols for elite 
athletes aimed at achieving higher throwing velocities. 

In the course of the present project, some other studies have focussed 

This difference might have had an effect on the estimated time of occurrence of 

further evaluate the timing between peak rotation velocities of upper and lower 
arm, and of the lower arm and hand. Obtaining more detailed information about 

through the different segments of the shoulder. As demonstrated in chapter 
4, the characteristics of basic scapula kinematics are already different between 

kinematic and kinetic measures obtained during throwing. To understand the 

used in chapter 7 could perhaps be integrated with a sensor on the acromion 

available need to be developed.
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Another aim of part one of the thesis was to further pinpoint the biomechanical 

were largely in agreement with those of previous studies. Increasing rotation 

leg all indeed seem essential in order to achieve high throwing velocities during 
pitching. The factors that were studied in the present thesis, in combination with 
some factors that are generally seen as important for high velocity pitching by 

chapter 6

believed that a proper technique not only contributes to high throwing 
velocities, but would also help to prevent injuries. In a study focussing on upper 

proper throwing technique can potentially decrease the injury risk by reducing 

Figure 1 Extending the knee from MER-BR is associated to higher throwing 
velocity.

Optimal pitching training

improve pitching training by determining the role of instructions and feedback. 
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training sessions. It was found that the baseball coaches mainly referred to the 
movement itself when they instructed their players during training. Although 
numerous studies have provided empirical evidence that performance improves 

chapter 5 revealed 

presented in chapter 5 was higher than in the other two studies. This might be 

Based on the results of chapter 5, a clear need became apparent to 

during pitching training. To this end, an intervention study was designed to 

attention or an internal focus of attention over a longer time span, in a training 

Belgium, Germany and Italy was conducted comparing the effectiveness of 

chapter 6
of instruction provided. No differences in the velocity and accuracy of pitching 

focus of attention conditions development improves favourably compared to an 

focus of attention conditions performed overall better than the participant 

between intervention and session was found implying there was no difference 
in skill acquisition between groups. Based on the literature review presented in 

chapter 6 and 7, we conclude 
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not superior to internal focus of instructions in the training of baseball pitch 

to further substantiate this conclusion. 

chapter 5 and 7

contributed to the internal validity of the thesis, but also to its potential practical 

chapter 5,6,7

focus of attention to improve performance since pitching performance was 
already at a high and presumably highly automatized level. Furthermore, it 
might well be that athletes familiarize themselves with the type of instruction 
they usually receive, making those instructions more effective than unfamiliar 

chapter 5, 
baseball players are more familiar with internal focus of attention than with 

chapter 6 it 

score on pitching technique decreased, possibly because any instruction would 

of the interventions with elite athletes, the outcomes of the studies presented 
in chapter 6 and 7
chapter 6 improved throwing techniques more under internal focus conditions, 

chapter 7
vein, the effectiveness of translating instructions to other environments where 

the development of pitching performance over a very long period, and to have 
pitchers that have been familiarized to solely one type of focus of attention 
instruction. Usually the road to a national team is that players are very good in 
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those movements because they are good in performing the instructed motion 

athletes, and perform a similar study as is performed in chapter 6, with players 

In addition to the instruction of coaches, the added potential of 

in chapter 7. Technical feedback can aid three aspects that have been neglected 
before. First of all, the feedback is individualized, providing progress benchmarks 

Furthermore, feedback was found to be most effective when the athlete can 

chapter 7, feedback is available 
every pitch, and a pitcher can look at the feedback at any time he pleases. In 
a situation without such a device, the frequency of feedback is dependent on 

other players at the same time. Moreover, coaches usually give feedback when 

provides feedback on timing between segments. Giving automated feedback 

this feedback system has the added value that the sequential rotation of the 

naked eye. Third, the onset of fatigue and injury can potentially be distilled from 

every pitch. Apart from the feedback, colleting movement data from players 
can also serve as an individualized database. The role that these individualised 
databases can play, and their impact on motor learning, injury prevention, and 
fatigue, will be major themes in future research.

on IMU sensors was developed. In recent years a number of single sensor 

to date only single sensor systems are commercially available, which thus lack 

chapter 7
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respective ages. Future hardware development and accompanying software 
First, development of 

the arm segments. At the moment, the commercially available accelerometers 

of this technical equipment is mostly pushed by the commercial mobile phone 
industry and not by academic necessity. If small sensors with strong transmitters 
can be incorporated in tight clothes, it could even become feasible to measure 
during games, without any impediment for the athlete. It has been suggested 
that game pressure, fatigue and the changing 

performance, and with these techniques it 
would become possible to accurately collect a 
whole new set of potentially important data. If 
large quantities of data can be collected during 
training and games, rich databases can be 
developed, detailing different levels of 
performance and physical characteristics. In 
all likelihood, this will lead to a better and 

athlete. In addition, these databases would 
provide optimized training schedules, assist 

medical staff with detailed individualized 
information, and thus aid each athlete to throw 
faster while keeping the risk of injury at bay.

Conclusions

fastballs in baseball is likely to be associated with throwing velocity.

rotation and ball release are associated with a higher ball speed.
The dominant arm of youth baseball pitchers displays more scapular 

PITCHPERFECT
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KNIE ...................
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http://www.pitchscience.nl/
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seems similar between older and younger pitchers and does not increase 
over time.
Pitching coaches mainly employ internal focus of attention instructions, 

pitchers mainly report to use internal focus of attention instructions 
when seeking to improve their performance through training.
The development of pitching performance in elite youth pitchers, 
operationalized in terms of throwing velocity, accuracy and technique, is 
largely independent of the type of instruction provided.

technical feedback seems a promising method to enhance adoption of a 

Recommendations for future studies

than pelvis and trunk in relation to throwing velocity.

load and joint power, so as to determine critical instances in the pitching 
motion to decrease injury risk.

focus to which elite athletes are familiarized before the intervention and 
the effect of those instructions on skill acquisition.

relation to personalized goal setting in order to bring about changes in 
movement behaviour.

data to prevent injuries by testing on fatigue and critical movement 
errors.

Practical recommendations for trainers and coaches

throw fast.

in the playbook.

Deploy technical devices, guided by instructions about the movement 

injuries.
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Introduction
Pitchers play an important role in baseball games and have a considerable 

in high injury rates and in professional baseball, in a corresponding loss of 
invested player salaries. To gain a better understanding of the possibilities to 
improve the performance of pitchers and to decrease the risk of injury, quite 
a number of mechanical studies have been performed. These studies were 
focused predominantly on kinematic and kinetic variables and their relation 

biomechanical research in the present thesis is on the coordination between 
limb segments and the potential role of intersegmental timing on the generation 
of high throwing velocities in elite pitchers. Detailed research on the kinematic 
chain in pitching can identify essential movement characteristics that contribute 
to a high throwing velocity and a low risk of injury. A crucial question in this 
regard pertains to the types of instruction and feedback that should be provided 
for this purpose. Numerous studies have shown that instructions that direct the 

pitchers, and whether the effectiveness of these instructions is indeed greater 
than instructions evoking an internal focus of attention. 

Aim
The overarching aim of this thesis was to gain insight into the conditions that 
lead to fast and safe pitching and how young elite baseball trainers can be 
trained to this effect.

Results

fast and safe throwing. In chapter 2, the association between the timing of 

Summary
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throwing velocity. In chapter 3 empirical evidence was found for an association 

in agreement with those of previous studies on the kinematics of the baseball 
pitch. Chapter 4
into the development of the functionality of the shoulder. The level of upward 

of upper arm abduction. during upper arm abduction was studied in elite youth 
pitchers. It was found that in the static abduction positions than the scapula of 
the other arm. Insight into the asymmetry and the difference in functionality 

the prevention of injuries during training. 
In the quest for optimal instruction and feedback methods three studies were 

chapter 5
instruction are routinely provided by pitching coaches during training. Pitching 
coaches gave twice as many instructions evoking an internal focus of attention 

literature about the effects of both types of instruction and the fact that in 

knowledge and sports practice came to the fore in the literature review 
presented in chapter 6
sports covered a relatively short time span of training in a laboratory or another 
strongly controlled environment, and generally involved students or novices as 
participants, as a result of which generalization to the daily training practice of 

controlled trial was conducted to chart the effects of instructions evoking an 

performed with pitchters from the national youth teams of Belgium, Germany, 
Italy and the Netherlands during their regular training and with their own 

found in the tested performances as a function of both types of instruction.  This 

skill level of the pitchers was already very high, as a result of which a ceiling 
chapter 7
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the movement characteristics of the pitchers. Although this improvement was 
only of short duration, feedback about the pitching movement seems to be 
useful in bringing about, and perhaps also acquiring, of a fast and safe throwing 
technique.

General conclusions and further recommendations
The overarching aim of this thesis was to gain insight into the conditions that 
lead to fast and safe pitching and how young elite baseball trainers can be 

on improvement of the relative timing between the peak rotation velocity of 

of the knee after front foot contact were associated with throwing velocity, 
Therefore, pitching training may be focused on these aspects as well.
Although the baseball training environment provides ample opportunities for 

pitching coaches. However, in an ecologically valid randomized clinical trial no 

of attention. Further research is needed to gain more insight into the type of 

effective method to chance the movement technique of players within a single 
session. Future research is needed to determine how long this effect is preserved 
after training and how retention might be improved.

sensors can provide both players and coaches with information about the 

Summary
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Samenvatting
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Samenvatting

Introductie

groot aandeel in het wedstrijdresultaat. Het succes van een werper wordt 
voor een belangrijk deel bepaald door diens vermogen om een bal met hoge 

lichaam, die tezamen met de hoge werkdruk van werpers resulteert in een 
hoog blessurepercentage en bij het professionele honkbal in een navenant 
verlies aan geïnvesteerde spelerssalarissen. Om een beter begrip te krijgen 
van de mogelijkheden om de prestaties van werpers te verbeteren en hun 
kans op blessures te verminderen zijn nogal wat biomechanische studies 
uitgevoerd. Deze waren voornamelijk gericht op de rol van kinematische 
en kinetische variabelen en hun relatie met de werpsnelheid, en een beter 
begrip van blessuremechanismen. Daarbij werd de mechanische belasting 
van verschillende individuele gewrichten bestudeerd, maar de wisselwerking 
daartussen bleef tot dusver onderbelicht. In dit proefschrift gaat de aandacht 
juist uit naar de coördinatie tussen deze lichaamssegmenten en de potentiële 

tophonkballers.
 Door het onderzoek naar de kinematisch keten bij het pitchen kunnen 

werpsnelheid en een laag blessurerisico leiden. Een belangrijke vraag in dat 
verband betreft de vormen van instructie en feedback die daartoe moeten 
worden verstrekt. Uit meerdere studies is gebleken dat instructies die de 

bevorderen. Dit lijkt zeer relevant voor het werpen omdat daar duidelijke 

worden gericht. In het onderhavige proefschrift wordt dan ook nagegaan 
in welke mate honkbalcoaches bij hun instructies tijdens de training van 

en of de effectiviteit van dit type instructie inderdaad groter is dan op een 
interne focus van aandacht gerichte instructies. 

Doel
Het overkoepelende doel van dit proefschrift is inzicht te krijgen in de condities 
die tot snel en veilig werpen leiden en hoe jonge tophonkballers daartoe 
getraind kunnen worden.

Resultaten

zijn aan het veilig werpen met hoge snelheid. In hoofdstuk 2 werd de associatie 
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tussen de timing van de opeenvolgende rotatie van bekken en romp bestudeerd 
door het meten van rotatiesnelheid volgens een door de International Society 

van de werpsnelheid. In hoofdstuk 3 werd empirische evidentie gevonden 
voor de associatie van de werpsnelheid met het strekken van de knie na 
voetbodemcontact alsmede met de piekrotatiesnelheid van de romp. De 
bevindingen in dit hoofdstuk waren in overeenstemming met die van eerdere 
studies naar de kinematische aspecten van het werpen. Hoofdstuk 4, het 

van de functionaliteit van de schouder. De mate van opwaartse rotatie van het 
schouderblad werd bestudeerd bij jonge honkballers bij verschillende standen 
van abductie van de bovenarm. Hierbij bleek dat het schouderblad in statische 
posities van schouderabductie van de werparm meer opwaarts roteerde dan 
het schouderblad van de andere arm. Inzicht in de asymmetrie en het verschil 

trainen om blessures te voorkomen. 
 In de zoektocht naar optimale instructie en feedbackmethodes werden 

hoofdstuk 5
welke soorten instructies werpcoaches tijdens de training verstrekken. Het 
bleek dat de coaches twee keer zoveel instructies geven die leiden tot een 

beogen. Gegeven de wetenschappelijke literatuur over de effecten van beide 
vormen van instructie en het feit dat in de trainingsomgeving van het honkbal 

mogelijk verklaring voor deze kloof tussen wetenschappelijke kennis en de 
sportpraktijk kwam naar voren in de overzichtsstudie die in hoofdstuk 6 werd 
gepresenteerd. Hieruit blijkt dat de meeste wetenschappelijke studies op het 
gebied van sport zich in een korte tijd in een laboratorium of een andere sterk 
gecontroleerde omgeving afspelen, waarbij de proefpersonen uit studenten 
of beginners bestaan, waardoor generalisatie naar de alledaagse praktijk 

randomized controlled trial uitgevoerd om de effecten van instructies gericht 

Deze studie werd uitgevoerd met werpers van de nationale jeugdteams van 
België, Duitsland, Italië en Nederland, tijdens hun reguliere training en met 
hun eigen coaches. Uit het onderzoek bleek dat er na een vijf weken lange 
trainingsperiode geen consistente verschillen waren in de geteste prestaties 
als gevolg van beide instructiemethodes. Deze uitkomst is in tegenspraak met 
wat in de meeste eerdere studies werd gevonden. Een mogelijke verklaring 
hiervoor is dat de werpers meestal al lang op een interne focus van aandacht 
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Samenvatting

gerichte instructies van hun coaches hadden ontvangen, en er daardoor meer mee 
vertrouwd zijn. Een andere mogelijke verklaring is dat het niveau van de werpers 
al zeer hoog was, waardoor er van een plafondeffect sprake kan zijn geweest.

hoofdstuk 7

rotatiesnelheden en de timing tussen het moment van piekrotatie van beide 
segmenten. Het feedbacksysteem werd gebruikt tijdens een tweedaagse 
interventie waaruit bleek dat instructies die gericht waren op de beweging zelf in 

de bewegingskarakteristieken van de werpers opleverde. Hoewel deze verbetering 
slechts van korte duur was, lijkt feedback over de werpbeweging behulpzaam te 
kunnen zijn bij het bewerkstelligen, en mogelijk ook het verwerven, van een snelle 
en veilige werptechniek. 

Algemene conclusies en verdere aanbevelingen 
Het overkoepelende doel van dit proefschrift was om inzicht te krijgen in de 
condities die tot snel en veilig werpen leiden en in hoe jonge tophonkballers 

zich zou moeten richten op het verbeteren van de relatieve timing tussen de 
piekrotatiesnelheid van de heup en die van de romp, aangezien deze nauw 
samenhangt met de werpsnelheid. Tevens bleek dat de rotatiesnelheid van de romp 
en de streksnelheid van de knie na voetcontact met de ondergrond gerelateerd zijn 
aan de werpsnelheid. Ook op deze aspecten zou de training zich kunnen richten.
 Hoewel de trainingsomgeving van het honkbal tal van mogelijkheden 

mogelijkheden nauwelijks benut door wercoaches. Uit een ecologisch valide 

gericht op een interne focus van aandacht. Aanvullend onderzoek is nodig om 
meer inzicht te krijgen in het type instructies waar tophonkbalspelers het meeste 
bij gebaat zijn, waarbij het van belang is ervoor te zorgen dat de proefpersonen 
vooraf voldoende bekend zijn met de aangeboden instructies. Geconcludeerd werd 

technische feedback een effectieve methode vormen om de bewegingstechniek 
van spelers binnen één sessie te veranderen. Uit toekomstig onderzoek zal echter 
moeten blijken in hoeverre dit effect behouden blijft na de training en hoe de 
retentie kan worden verbeterd.
 De bevindingen in dit proefschrift illustreren het belang van de verdere 

Feedback van sensoren kan zowel spelers als coaches informatie verschaffen over 
de bewegingsuitvoering en de effectiviteit van instructies van coaches daarover 
helpen verhogen.
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Erik van der Graaff studeerde in 2013 af 
voor zijn Master bewegingswetenschappen 
met als onderwerp de ideale techniek van de honkbal 
pitch. Hierna starte Erik zijn PhD project: ‘project FASTBALL’ 
(fast and safe throwing in baseball). Het overkoepelende doel 
van dit onderzoek was inzicht te krijgen in de condities die tot snel en 
veilig werpen leiden en hoe jonge tophonkballers daartoe getraind kunnen 
worden. In deze dissertatie wordt deze zoektocht beschreven. Na afronding van 
zijn project is Erik door NOC*NSF aangesteld als Embedded Scientist en startte 
het Baseball Science Centre. Via deze plek wordt onderzoek en innovatie in 
het honkbal ondersteunt. Als Embedded Scientist werkt Erik samen met het 
Nederlands honkbal- en softballteam aan het verwezenlijk van de Olympische 
droom op weg naar Tokyo 2020.

Erik van der Graaff finished his Master in Human Movement Sciences in 2013 
on the topic of the optimal throwing technique in baseball pitching. After 
his study, Erik started the PhD project ‘project FASTBALL’ (fast and safe 
throwing in baseball). The overarching aim of this project was to gain 
insight into the conditions that lead to fast and safe pitching and 
how young elite baseball players can be trained to this effect. 
This doctoral thesis describes this search. After the PhD project 
Erik was employed by the National Olympic committee 
as an Embedded Scientist and founded the Baseball 
Science Centre. The Centre facilitates research and 
innovation in baseball. As an Embedded Scientist 
Erik works together with the Dutch baseball- and 
softballteam to realize the Olympic dream 
towards Tokyo 2020.

Perfecting your Pitch
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Amsterdam Movement Sciences conducts scientific research to 
optimize physical performance in health and disease based on 
a fundamental understanding of human movement in order to 
contribute to the fulfillment of a meaningful life.
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