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Abstract

One of the profound factors that affect sprint performance of athletes is the transfer of the possible highest propulsive force
onto the starting blocks using an ideal sprint start body position. Hence, in the literature, there are a great deal of studies
related to assessment and improvement of sprint start performance. In this review, evaluation of the literature based on
improving the sprint start performance and sharing obtained instructions with sport scientists, trainers and athletes were
aimed. According to the literature knowledge, it is stated that higher propulsive force onto the starting block and acceleration
are two most important factors affecting on the results of sprint running. Also, it is rational to state that permanent kinesthetic
awareness of individualized sprint start position could lead to significant improvements in sprint performances. For this
reason, biofeedback trainings will be useful methods that provide a kinesthetic awareness of individualized sprint start
position for athletes. Thus, athletes increase the probability of learning motor skill when they have opportunity to compare the
actual motor performance output with expected ideal performance output. It is stated that motor skill acquisition level of
athletes increases considerably if feedback is provided appropriately. Accordingly, the aim of this review is to present
literature based knowledge about biomechanics of sprint start and effects of biological feedback methods on sprint start

performance.
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INTRODUCTION

Trainers consistently seek for new methods to
improve the performance level of athletes (48).
Improvement of athletic techniques, with which
motor skills are performed, is directly related to
learning ability of athlete (50). Therefore, trainers
should create an efficient learning environment for
their athletes during the training process. In recent
years, use of information technology is integrated
into sports field and outputs of this technology are
used in the design of training programmes. This
technology allows athletes to compare internal data
(own body-related information) with external data
(actual information)  that
facilitates learning and/or adjustment process of
motor skills, thus leads to sports-related technical
improvement. In this brief review, information
technology used in the field of sports and
rehabilitation are summarized.

movement-related

Biomechanical
methods used in the analyses of sprint start
performance, in which information technology is
extensively used, and factors affecting sprint start
performance constitute the main subject of this
review.

Sports biomechanics is a branch of sports
sciences that investigates the sports performance
and mechanical characteristics of causes affecting on
sports performance (22). One of the crucial aims of
sports biomechanics is to provide scientific
knowledge about how to optimize movement
technique in a sports related motor skill. Various
high-tech devices are used in biomechanical
analyses and these devices provide performance
outputs based on basic equations of Newtonian
mechanics. These outputs could be used in the
enhancement of sports performance (18,34,36),
identification of improper movement techniques
(17), mastering proper movement techniques (49)
and minimization of injury risk (15,38,43).

METHODOLOGY

This review was conducted using the following
electronic databases: Medline, PubMed, ISI Web of
Knowledge and Scopus. Key search words included,
sprint  start, starting blocks, = Biofeedback,
Biomechanics, Sprint Performance, propulsive force,
force plate, camera, neuromuscular activation,
EMG,. Articles were checked for relevant content

and were included based on the following criteria: 1)



Published in English, 2) the participants were
healthy, unhealthy and trained.

Biofeedback method

Biofeedback method is a rapidly developing
method and its history goes back to late 1960s (4).
Several electronic devices equipped with sensors
and transducers are used in the biofeedback method
with the aim of assessing and monitoring some
biological responses that an individual cannot be
aware of or cannot control voluntarily such as heart
rate, muscle tone, skin temperature, brain activities
etc. (51). Biofeedback data include different types of
biofeedback signals such as numeric, auditory,
visual or proprioceptive.

Proprioceptive biofeedback is
method that includes perpetual
between nervous system and musculo-skeletal
system which is based on the awareness of motor
skill being performed. Proprioceptive biofeedback is
defined as the individual’s perception of the
movement and spatial orientation of body segments
in relation to each other without the support of
organs of vision, touch and balance (20).
Proprioceptive sense includes the combination of
muscle spindle, golgi tendon apparatus, joint angle
sensors, skin mechanoreceptors and their afferent
nerve  pathways  (9,10).  Successful  sports
performance could only be achieved in the case of
straight and smooth performance of targeted motor
skill. These mechanoreceptors and proprioceptors
which  have complex operating
mechanisms, serve to prevent irregular movements
during the execution of motor skill and ensure that
movements of body parts follow the targeted
trajectories. These trajectories show resistance to any
kind of perturbation. Motor commands are adapted
via visual and proprioceptive feedback in response
to possible perturbations in order to ensure that
motor skill is performed according to pre-planned
trajectories. In addition, performing a motor skill
within a pre-planned range of motion is dependent
on the success of this feedback mechanism.

a complex
coordination

neuronal

An adaptive, feed-forward control mechanism
(motor adaptation) is responsible for the rapid
adjustment of any kind of body part-related
trajectory errors resulted from unexpected
mechanical perturbations (21,42). These body part-
related trajectory errors and perturbations
experienced during the performance of any kind of
motor task are kept in the memories of individuals
and these information are used to perform the
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movements during the motor task more smoothly
and straightly (39,46).

Biofeedback methods in the fields of sports
science and rehabilitation

It is stated that motor skill acquisition level of
athletes increases considerably if feedback is
provided appropriately (40). According to this
opinion, it could be concluded that feedback
methods are basic factors in the enhancement of
skill performance. However, feedback
methods could only be applied to individuals who
are aware of the performance goal and willing to
carry out specific corrections relative to pre-
determined performance outcomes (23).

motor

Liebermann et al. (23) investigated various
information technologies used for providing
appropriate feedback to cyclists, downhill skiers,
shooters, goalkeepers and gymnasts. They
compared visual, auditory and proprioceptive
feedback systems with each other. Feedback is
reported to be the basic factor in the enhancement of
athletic performance considering feedback-related
studies available in the literature. Liebermann et al.
(23) stated that recent developments in information
technology make it possible to provide athletes with
feedback during training and competition . Thus,
athletes find opportunity to enhance their
performance level and correct their errors related to
performed motor skills. Basic external feedback and
auxiliary technologies (from simple camera
recordings to complex simulations) are reported to
have profound effects on motor learning that
Therefore, it is suggested that this issue should be
considered with great emphasis in the design of
training plans (23).

Fothergill (12) showed positive effects of
feedback on rowing performance of 5 amateur
rowers within the age range of 25-41. Fothergill (12)
used real-time visual feedback method during
rowing performance on a rowing ergometer. This
feedback device detected actual rowing movements
of the rowers and provided simultaneous visual
feedback -together with kinetic data- representing
the ideal rowing technique identified by the trainer.
The feedback device included two 3-D cameras that
detected rowing movements, an
transmitting the visual data to a computer, a
monitor placed in a position that was easily seen by
the rowers and some auxiliary devices. At the end of
the study, a questionary was applied to rowers.
According to this questionary, it was concluded that
the use of this real-time visual feedback method did

interface
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not interrupt the performance of rowers and rowers
perceived that they performed with a better
technique when they received real-time visual
feedback (12).

There are two crucial stages that determine the
success of performance during the ballistic
movements in archery and shooting. Athletes keep
their respiration rhythm and heart rate under
control, they stabilize their body, minimize the body
sway and maintain a balanced posture, which
constitutes the first stage. The quality of this
balanced posture can be identified by tracing the
pressure changes related to center of pressure of the
athlete while he/she is performing the related motor
task on a force plate; the greater the distribution area
of the projection graphic of the athlete’s center of
pressure, the lower the balance quality of the athlete.
The second stage requires the athlete to focus
visually on the arrow or gun. In this stage, a laser
beam can be used as a source of feedback. This
feedback method ensures that athlete focuses on the
center of a specified target via a computerized
system. In the cases that focus of the athlete deviates
from the center of the target, system provides an
auditory signal. This signal consists of a sound
whose frequency increases in direct proportion to
the magnitude of the deviation. In this method,
athlete tries to perform the motor skill comparing
the internal feedback signals (proprioceptive
feedback) with external feedback signals (auditory
feedback) (23).

Barrios et al. (2) conducted a study on 8
individuals (age range 18-35) with varus deformity.
In their study, they used real-time feedback method
to co-ordinate the distorted knee joints). They aimed
to reduce the moment of knee adduction to co-
ordinate the This
systematic training programs designed to adjust the
structure of the knee joint were assumed to provide
more natural and smoother knee movement pattern.
An 8-week real-time feedback training period was
conducted to test the above mentioned assumptions.
Individuals received visual feedback during the
movement of knee joint in the frontal plane and
received verbal feedback during the internal rotation
and adduction of hip joint to reduce the adduction
in the knee joint. Investigators compared pre-
training and post-training walking patterns. They
identified the adduction and internal rotation of hip
joint, and adduction of knee joint and knee joint
adduction moment. After the completion of the
training period, increases of 8° and 3° were observed
in internal rotation and adduction of hip joint,

distortion. reduction and
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respectively, in individuals whose walking pattern
was changed. Moreover, knee adduction and knee
adduction moment were decreased by 2° and 19%,
respectively. No change was observed in the
walking pattern of three individuals. Individuals
having changes in their walking pattern reported
that they felt more comfortable and perceived less
effort during walking after the feedback training
period (2).

Robotic devices produced for walking-related
rehabilitation programs provide patients with
detailed instructions during their walking training.
Feedback provided during robotic-supported
walking training, which is based on motor learning
principles, helps patients to regain their walking
ability. Banz et al. (1) investigated the effects of
visual feedback training on rehabilitation process of
12 patients who had neurologic walking disorder
arising from spinal cord injury. Investigators
reported that visual feedback received from a
computer made a significant contribution to robotic-
supported walking training (1).

Above mentioned studies put forth the positive
effects of feedback in the fields of sports sciences
and rehabilitation. Similar innovatory and
technological methods were also used with the aim
of enhancing athletic performance in sprint runs.
This review, in particular, focused on investigating
effects of various feedback methods including high-

tech devices on sprint start performance.
Factors Affecting Sprint Start Performance

The history of use of starting block in sprint
runs goes back to late 1920s (47). Various studies
using kinematic, kinetic and muscular activation
data have been conducted since those years to
investigate the sprint start techniques of sprint
athletes with different performance levels.

Sprinting success in 60 m, 100 m, 200 m and 400
m sprint runs is directly related to sprint start and
block acceleration; two crucial phases of a sprint
Hence, many investigators studied the
biomechanical components of these two phases to
clarify the determinants of velocity
(13,16,29,30,33,41,45).

run.

sprint

Sprint start and transition to acceleration phase
constitute a complex movement series. This
series requires high-level muscle
activation and effective coordination of cyclic and
acyclic movements (6). Sprint athletes try to obtain a
maximal block velocity during the phases of sprint
start and block acceleration. Block acceleration is the

movement
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first phase of a sprint run during which kinetic
parameters of the first step of the sprint change
dynamically. Block acceleration is a complex cycling
movement during which step length, step
frequency, position of the center of mass at the foot
contact, duration of foot contact and duration of
flight phase change rapidly. The contact phase has
two componenets: braking and propulsion phases
(25). The characteristics of contact and flight phases
change as the biomechanical position of the sprint
athlete changes. The lesser the duration of the
contact phase, the greater the flight phase of the
sprint athlete. Step length is dependent on the body
height/leg length ratio and the total propulsive force
applied by the extensor muscles of the hip (m.
gluteus maximus), knee (m. vastus lateralis, m.
rectus femoris) and ankle joints (m. gastrocnemius)
onto the starting blocks. Contact phase is the
profound source of the velocity efficiency during the
sprint run (30). Contact phase should be completed
within the shortest time that is related to the optimal
ratio between braking and propulsion phases. Step
frequency depends on the genetic make-up the
sprint athlete and the function of the central nervous
system that allows greater number of muscle fibers
to be recruited (31). As the step frequency increases,
step length gets shorter and vice versa is true. An
optimal ratio between the step length and step
frequency of a sprint athlete determines the
efficiency of block acceleration phase (8).

Studies investigating sprint start performance

McClements et al. (27) developed the
Saskatchewan Sprint Start Device to provide sprint
athletes with feedback and to enhance their sprint
start performance. External feedback provided by
had an easily
characteristic. They conducted the study on 62
athletes and investigated the effects of their
feedback device on the sprint start performance (27).
Athletes, training on a standard running field,
received feedback from this device on the generated
force and sprint times. McClements et al. (27)
suggested different feedback models using this
device. They concluded that one of the feedback
models that depended on the maximal horizontal
and vertical forces applied onto the starting blocks
was the best model that determined the sprint
performance (27). This model considered the
maximal horizontal and vertical force data and the

the device understandable

reaction time data of the rear foot.

Mendoza and Schollhorn (28) conducted a
similar study on 8 young athletes . They aimed to
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improve sprint start technique of these athletes
using a biomechanical feedback training method.
They investigated three technical variables: 1)
distance between starting block and the starting line,
2) knee joint angle of the front leg, 3) distribution of
body weight on each hand (28). Horizontal block
velocity and 10 m sprint time constituted the
performance criteria of athletes. All variables were
measured simultaneously and feedback was
provided immediately after the evaluation of the
performance measures (28). At the end of the study,
7 of 8 athletes changed their sprint start positions
and statistically significant improvements were
observed in their sprint start performances. In
addition, a strong positive relationship was found
between the generated forces at the onset of the
sprint start and 10 m sprint times. Mendoza and
Schollhorn (28) concluded that inter-individual
differences existed in block velocity among athletes
and suggested that biomechanical feedback should
be used effectively during sprint start training .

According to findings obtained in the study of
Mendoza and Schollhorn (28), it could be argued
that motor task-related feedback training led to an
increase in the kinesthetic awareness of athletes and
accordingly, allowed them to adjust their sprint start
position to achieve higher performance levels .
Moreover, this biofeedback training could be
regarded as an effective means of acquiring an
efficient and permanent sprint start position.

Sprint athletes have different choices in the
context of sprint start positions. These choices show
high inter-individual variability. Schot and Knutzen
(41) detected 4 different sprint start positions that
were related to anthropometric characteristics of
athletes. Biomechanical analyses of these positions
were performed in their study using 12 athletes
competing in hurdles sprint runs. They reported
that wider placement of foots in the sprint start
position, defined as “elongated starting position”,
led to higher propulsive force onto the starting
block, increment in the first step distance and
avarege velocity within 2 meters of the sprint (41).
They could not set out in full the effects of hand
placement on the sprint start performance. Findings
of this study show that sprint start position varies
depending on the anthropometric characteristics of
athletes (41).

Coh et al. (5) conducted a study on 13 male
(mean age of 24 years) and 11 female (mean age of
23 years) athletes and investigated the relationship
between sprint start position and sprint start

Ta



acceleration phase using technological methods.
Kinetic variables of the onset of the sprint start and
variables of acceleration phase were recorded by a
two dimensional (2-D) kinematic video analysis
system; kinetic variables of the onset of the sprint
start were recorded by force plates placed on the
start blocks. Time-related variables of sprint velocity
and acceleration were measured by 4 photocells
placed 5-10-20-30 m away from the starting line.
Statistical analyses of sprint start velocities, reaction
times and propulsive forces applied onto the
starting blocks were performed and a significant
difference was detected in kinetic variables of sprint
start performance between male and female athletes.
According to Coh, et al. (5), differences in kinetic
variables are more apparent than differences in
kinematic variables between male and female
athletes. In addition, start acceleration was reported
to be not affected from kinematic and kinetic factors.

Coh et al. (5) suggested athletes to adjust their
sprint start position according to reference points
identified in the study of Schot and Knutzen (41).
According to Schot and Knutzen (41) vertical
distance between running track and center of body
mass should be 54.4 + 6.2 cm in males and 53.2 + 2.0
cm  in  females;
projection of center of mass and starting line should
be 18.8 = 51 cm in males and 15.7 + 3.0 cm in
females; knee joint angle of rear leg should be 112° +
13.3° in males and 115° + 13.8° in females. It was
found that sprint start position and kinetic variables
of the onset of the sprint start had effects on
acceleration measures during the sprint. Schot and
Knutzen (41) concluded that propulsive force
applied onto the front starting block, reaction time
and block velocity were the most crucial variables
that should be developed to acquire an effective and
efficient sprint start. It was also shown that
significant differences were existed in set positions
relative hip height and knee joint angle between
males and females. In conclusion, Coh et al. (5)
emphasized that sprint start position was unique for
each athlete and showed variations based on motor
skills of athletes and their morphological
characteristics.

horizontal distance between

In another study of Coh et al. (8), a male athlete
run five 20 m sprints and kinetic and kinematic
variables that have direct effects on the results of
sprint runs -motor reaction time, propulsive forces
and starting block acceleration- were analyzed
during these runs. High-speed 2-D camera, infrared
photocell system and Opto Track Technology were
used in the analysis of sprint start phase. It was
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found that higher the propulsive force applied onto
the front starting block, the lower the motor reaction
time (8). This led to improvement in the first step
performance, thus increased block acceleration.

Kinetic energy of different body parts and
angular velocity of different joints were investigated
in the study of Slawinski et al. (44) conducted on 8
elite sprint athletes. Sixty three passive markers
were placed on the reference points of athletes and
each athlete performed 4 maximal 10 m sprints.
These sprints were analyzed using an opto-
electronic analysis system consisted of 12 digital
cameras operating at 250 Hertz. It was detected that
maximal speeds of athletes were dependent on
flexion-extension, abduction-adduction and internal-
external rotation movements of the shoulders, chest
and hip, not solely on the flexion-extension
Moreover, it was found that total
maximal kinetic energy of the body was attained just
before feet left the starting blocks. A higher level of
synchronization and upper
extremities of athlets was suggested in order to
improve the propulsive force applied onto starting
blocks (44).

movement.

between lower

Bezodis et al. (3) conducted a study on 12 sprint
athletes and stated that selection of criteria that are
to be used in the assessment of sprint start
performance is of great importance. They reported
that maximal propulsive force applied onto the
starting blocks is not only important for sprint start
performance but also for each phase of sprint runs.
Similarly, Mero et al. (33) stated that high maximal
and average propulsive forces were key components
of the high performances both in sprint start and
early acceleration phase (0-10 m). Bezodis et al. (3)
stated that normalized maximal propulsive force
was an appropriate criterion that could be used in
performance assessment of any phase of sprint runs.
Findings of their study justified the importance of
identifying the ideal sprint start position that allows
athletes to apply maximal propulsive force onto the
starting blocks (3).

Another study in the literature that investigated
the sprint start was conducted by Harland and
Steele (16) . Authors suggested a sprint start position
with 90° and 130° knee joint angle of front leg and
rear leg, respectively. These joint angles resulted in a
relatively higher hip position compared to
traditional sprint start positions. In addition,
horizontal propulsive force applied onto the starting
block was stated to have crucial importance to leave
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the starting blocks with maximal horizontal velocity
and acceleration (16).

In his master thesis, Morrish (35) investigated
the effects of progressive resistance training on
acceleration obtained between the moments of
sprint start and maximal velocity during a sprint
run. He stated that the relationship between
progressive resistance training and sprint start
performance had a very complex structure (35).

Effects of muscle-tendon length on joint
movements and joint forces during sprint start
position were investigated in the study of Mero et al.
(32). Nine male sprint athletes used starting blocks
with 40° and 65° angle during their sprint runs.
Horizontal velocity of the center of mass of athletes
were analyzed and concluded that use of starting
blocks with 40° angle was resulted in better sprint
start performances compared to use of starting
blocks with 65° angle. It was stated that 40° angle
led to greater muscle-tendon lengths of
gastrocnemius and soleus muscles at the onset of the
sprint start that resulted in higher ankle joint forces
and moments (32). According to this study, these
factors played an important role in obtaining a
greater block velocity.

Guissard et al. (13) investigated the effects of
front starting block slope on block velocity
Fourteen male and 3 female trained athletes
participated in their study. Activities of medial
gastrocnemius, soleus and vastus lateralis muscles
were analyzed using electromyography (EMG)
method during the sprint start with 30°, 50° and 70°
starting block angles. Starting block angles of 30°
and 50° led to acute increases in lengths of medial
gastrocnemius and soleus muscles. It was found that
decrease in starting block angles resulted in
increased block velocity. Guissard et al. (13) stated
that athletes could enhance their block velocity and
propulsive force by means of adjusting their
extremity positions to attain an ideal sprint start
position. It is important for sprinters to identify the
optimal horizontal distances between front starting
block and starting line as well as between each
starting block. These optimal distances are crucial
for maintaining the propulsion phase and for
increasing contribution level of rear leg to
propulsive force application onto the starting block.
Guissard et al. (13) concluded that effects of starting
block slopes -particularly front block- and joint
angles on sprint start performance are well known,
in contrary there is a great deficiency related to
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correlations between these variables and EMG
responses of muscles during sprint start.

Coh et al. (6) conducted a study on a female
sprinter with 13.19-second personal best in 110 m
hurdles. They aimed to improve the sprint
performance of this athlete depending on the results
of performed biomechanical analysis. EMG data of 7
active muscles, basic kinematic and kinetic variables
such as block velocity, acceleration during the first
two steps and propulsive forces applied onto the
starting blocks were analyzed. Gastrocnemius
medialis muscle was shown to be the one of the
most active muscles that had a great contribution to
block acceleration and generation of propulsive
force (6).

DISCUSSION

Results of biomechanical studies showed that
sprint start positions show great inter-individual
variation between sprint athletes (5,6). It is seen that
different sprint start positions were suggested in
each different study (5,16,27,28,41). These studies
were conducted on highly different study samples
(male, female, young, adult, amateur, elite athletes),
accordingly results of the studies showed variations
depending on the biomechanical, morphological and
anthropometric characteristics of these athletes. It
could be concluded that use of individualized
training methods with individualized sprint start
positions might provide athletes with important
opportunities related to improvement of sprint
performance. EMG analyses, particularly performed
during the propulsion phase of the sprint start,
should be also taken into consideration in the
identification of precise sprint start position.
Adapted versions of previously mentioned
biofeedback methods that might be used during
sprint start training sessions could constitute a
profound factor in making the kinesthetic awareness
of athletes related to ideal sprint start position
permanent. It is rational to state that permanent
kinesthetic awareness of individualized sprint start
position could lead to significant improvements in
sprint performances.

According to results of biomechanical studies
conducted until now, reaction time, sprint start
position and block velocity are identified as major
factors contributing to sprint performance
(11,16,19,27,32,33). All these factors are integrated
and each of them depends on central movement
regulation process, abilities, energy
production processes morphological
characteristics (24,26).

biomotor
and
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Reaction times of athletes raced in 100 m final
in 2008 Beijing Olimpics were analyzed using high-
speed cameras and results of these analyses showed
that Usain Bolt, who broke a world record in this
race, had a poor reaction performance (37). This
issue raises a question about whether a good
reaction time, which has been identified as a
determining factor in the literature, is indeed
important in sprint runs.

There are studies indicating that sprint athletes
with higher performance levels are able to generate
higher propulsive forces onto the starting blocks
(8,16,31,44). Mero et al. (32) showed that maximal
rate of force development (highest force generated
within the smallest time frame) was crucial in
attaining maximal block velocity. Similarly, it was
stated that propulsive force applied onto the starting
blocks had direct effects on the block velocity and
the first phase of acceleration after the sprint start
(14,32). According to literature knowledge, it could
be concluded that sprint performance is dependent
on the sprint start performance that is directly
related to propulsive force applied onto the starting
blocks (16,19,27,30).

High correlation levels between start and block
acceleration should be taken into consideration in
the design of sprint start training programs (8). The
starting position of sprint athlete that ensures the
maximal block velocity is a prerequisite for faster
sprint runs. Block acceleration is dependent on the
length of the first step and the position of feet in the
braking phase. The efficiency of block acceleration
affects the biomechanical variables in the first ten
steps of the sprint run.

In conclusion, according to the literature
knowledge, it is stated that sprint start velocity and
acceleration are two most important factors affecting
on the results of sprint runs (5). Maximal and mean
propulsive force applied onto the starting blocks are
main components of sprint start performance as
they are directly related to sprint start velocity and
acceleration. Moreover, maximal and mean
horizontal propulsive force generation capacities are
said to be the main factor that seperates talented
athletes from others (7). Therefore, ideal sprint start
position that leads to maximal and mean propulsive
forces should be assessed precisely considering
inter-individual differences since this position is
greatly affected by anthropometric measures of
athletes (8,41).

It is rational to conclude that extensive research
should be performed on the improvement of
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information technology-related training methods to
attain ideal athletic performances. Use of different
feedback methods that facilitates learning of specific
motor skills could enhance athletic performance in
different sport branches as well as in sprint runs.
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