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Preface

Outside of the aforementioned specific sprint training reviews, unresisted sprint training
has been shown to improve 10 m and 20 m sprint performance in youth mid peak-height
velocity (PHV; ES = 0.51 and 0.33, respectively) (167). Additionally, resisted sprinting
has been shown to improve mid-PHV and post-PHV boys’ sprint performance by 0.01%
to 5.88% (ES = 0.19 to 1.18), respectively, and pre-PHV boy’s sprint performance by
0.99% (ES = 0.1) (21, 204, 215). These recent investigations add to the current body of
research available on the effectiveness of specific sprint training in youth, yet relying on
a total of six studies to guide the practical application of youth sprint training leaves room

for speculation.

Nonspecific training has resulted in small to moderate improvements in sprint
performance (15, 121), while specific sprint training has been shown to result in moderate
to large improvements in sprinting performance for boys mid-PHV and post-PHV (168,
209). This information suggests that specific sprint training may be a more effective
method for inducing positive adaptations to sprint performance in youth, although this
posit is limited by the dearth of specific sprint training research. While both specific and
nonspecific sprint training methods have been shown to enhance sprint speed in youth,
the current scientific literature available does not fully encompass the range of modalities

utilised by speed and strength coaches, such as backward running (BR).

1.1.4 Backward Running for Performance

Backward running is used in practice by runners and team sport athletes, yet it has
received relatively little scientific attention compared to forward running (FR). Like FR,
BR is a locomotive strategy used by athletes during many overground sports (e.g. soccer,

rugby union, rugby league, American football, and many racquet sports) (164). During
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competition, BR may serve as a means for athletes to reposition into a more advantageous
playing position while maintaining vision of a ball or opposition player (9). Outside of
competition, BR has been included as a warm-up strategy to reduce injuries and enhance
performance (13, 178, 185, 220), a training method to improve components of athleticism
(227, 230), and as a return to play protocol for athletes following injury (32). Beyond the
fact that BR occurs during competition, coaches and clinicians advocate for the use of BR
due to higher lower limb muscle activity (64, 222) and increased concentric
musculotendinous utilisation (29, 30) accompanied by lower knee joint stress (65, 201)

compared to FR.

Scientists posit that a common neural network exists to produce both FR and BR (100,
148), although the specific pathways responsible for each running direction are not fully
understood (100). Shared common neural networks for FR and BR indicate that training
one running direction may result in performance gains in the other. Training adaptations
from BR may transfer to FR (100, 148), however, few studies have investigated the
effectiveness of this proposed phenomenon (186, 230). Within this limited body of
research, BR has been found to improve FR economy (186) and maintain FR sprinting
performance (230) in adult athletes. Although the literature on BR suggests this may be
a promising training method for adults, it is unknown how these types of training
adaptations might transfer to younger athletes around the time of their adolescent growth
spurt. Furthermore, there are currently no empirically recognised resources available that
provide guidance on how to progressively overload BR modalities and prescribe BR
training to improve components of athleticism, such as sprinting and jumping

performance.
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methodology was followed. The entirety of the strength and conditioning programming

was developed by myself and therefore allowed careful manipulation of training load to

ensure the research designs could be implemented. Particulars around the athlete

development programme and athletes are as follows:

1.

The weekly structure of the athlete development programme for year 9 (age 13-14
years), 10 (age 14-15 years), and 11 (age 15-16 years) athletes comprised of three 50
minute long sessions consisting of two class periods designated to organised training
with the head strength and conditioning coach and one class period that was led by a
physical education (PE) teacher to develop tactical game skills.

Year 9 students were enrolled in the athlete development programme for one school
term, lasting approximately 10 weeks where they were exposed to introductory
resistance training, taught fundamental weightlifting techniques, and learned
foundational medicine ball exercises.

Year 10 students were enrolled in the athlete development programme for two
approximately 10 week, school terms where they were introduced to a structured
resistance training programme advancing upon the movements learned in year 9.
Year 11 students were enrolled in the athlete development programme for the entirety
of the school year (i.e. four terms) and participated in organised resistance training
using similar exercises to those learned in year 9 and 10, but now using linear block
progression to overload the movements.

The training studies in this thesis were ran by the head strength and conditioning

coach in place of the traditional resistance training curriculum for all year groups.

1.5 Research Design

A review, four experimental studies, and a programming considerations chapter were

used to achieve the aims of the thesis:
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A narrative review using a systematic approach was undertaken to examine and
compare the acute and longitudinal implications of using BR for athletic populations.
A repeated measures design was used to quantify the consistency of youth athletes
to achieve targeted speeds using an autoregulation strategy.

A repeated measures design was used to establish the load-velocity relationships
during resisted BR and resisted FR. Additionally, the slope and velocity data was
compared over multiple testing session to establish the consistency of these
movements in adolescent male athletes.

A match-paired randomised comparative trial was used to determine the chronic
effects of unresisted backward running training versus unresisted forward running
training on aspects of sprinting, jumping, and stiffness measures in adolescent male
athletes.

A match-paired randomised comparative trial was used to examine the chronic
effects of resisted BR training versus resisted FR training on sprinting, jumping, and
stiffness measures in adolescent male athletes.

To provide practitioners with why and how to include BR into a training programme,

an empirically supported programming considerations chapter was written.

1.6 Originality of the Thesis

Currently, very little evidence in the scientific literature exists on specific sprint training

in youth, and no research is available on BR in youth athletes:

1.

No reviews on the acute or trained responses to BR exist in the literature in any
population.
No study has determined the consistency of self-selecting running speed during BR

and FR using autoregulation.
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Section two consists of the first two acute experimental chapters of this thesis. These
studies serve to understand how BR and FR compare and provide guidelines for how to
overload unresisted and resisted BR during training. Chapter 3 is a reliability study
examining the ability of youth athletes to run at prescribed intensities based on perceived
effort. In it, comparisons are made between BR and FR at intensities commonly
prescribed during warm ups, training, and return to play protocols following injury. This
chapter aims to quantify whether young athletes can accurately and reliably achieve
relative running velocities using autoregulated pacing strategies. In Chapter 4, the
reliability of running velocity and the slope of the load-velocity curve during resisted BR
and FR is analysed over multiple testing sessions. Within this chapter the relationship

between resisted sprinting load and running velocity is established for both BR and FR.

Section three is comprised of the two training chapters. Chapter 5, a match-paired
randomised control trial in which three groups (Control, BR and FR) of adolescent
athletes performing either BR, FR, or traditional physical education (PE) curriculum over
an 8-week period were compared. The BR and FR training groups followed protocols
which systematically overloaded running intensity by progressively increasing matched
sets, reps, intensity, and running distance; the only difference being running direction.
Similarly, Chapter 6 used a match-paired randomised controlled trial to compare the
training effects of 8-weeks of progressively overloaded resisted BR versus FR running
on speed, lower body power, and stretch-shortening cycle characteristics of adolescent
male athletes. Overload was achieved by increasing load (as a percentage of body mass),

reps, and running distance.

11
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The final section of this thesis consists of Chapter 7 and 8. Chapter 7 provides
practitioners with an understanding of why BR may be used to enhance athleticism and
how to integrate BR into an athlete’s training programme. Finally, a discussion of the
data reported throughout the thesis is provided in Chapter 8. The final chapter of this
thesis serves as a synopsis which provides context on how the findings in this thesis add
to the current body of research and finishes with conclusions, practical applications, and

future recommendations for research.
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CHAPTER 2. ANEW DIRECTION TO ATHLETIC PERFORMANCE:
UNDERSTANDING THE ACUTE AND LONGITUDINAL
RESPONSES TO BACKWARD RUNNING

2.0 Prelude

It has been identified that BR has a role in sports competitions, implications for injury
prevention and performance enhancement due to the unique characteristics of this
direction of running. The purpose of this chapter was to provide a comprehensive review
of the literature pertaining to the acute and training adaptations to BR and compare these
responses to FR. This review of the literature sets the foundation for the subsequent
chapters by addressing the potential benefits and limitation of using BR to enhance
components of athleticism. This chapter also identifies the gaps and limitations in the

literature and provides justification for the research direction of this thesis.

This chapter comprises the following published paper:
Uthoff, A., Oliver, J., Cronin, J., Harrison, C., Winwood, P. (2018). A new direction to

athletic performance: understanding the acute and longitudinal responses to backward
running. Sports Medicine, 48(5), 1083-1096. doi: 10.1007/s40279-018-0877-5.

14
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during maximal efforts (9, 243). In fact, maximal velocities which can be achieved during

BR are approximately 70% of those which can be produced during FR (9, 243).

Although velocities achieved during BR are lower than those observed during FR, BR is
found in warm-up programmes designed to reduce injury prevalence and improve athletic
performance (135, 185, 203, 220, 254). The rationale for the inclusion of BR in the warm-
up has not been documented to the knowledge of these authors, however, it may be due
to BR’s ability to demonstrate lower biomechanical strain on the knee joint than FR (65,
173, 201, 226) while also requiring higher activation in the leg muscles (64) or simply to

warm up the muscles specific to the movement patterns encountered in the sport.

Currently, BR is a movement utilised as an injury prevention method and injury
rehabilitation technique (77, 94, 114, 141), yet little is known about the athletic benefits
of BR. Therefore, the purposes of this review are to (i) explore and compare the acute
responses of BR to FR; (ii) examine the effects of BR training on aspects of athletic
performance; (iii) discuss the possible merits of BR as a method to improve athletic

performance; and (iv) provide future research recommendations into BR.

2.2 Search Strateqy for Acute and Training Studies

From December 2016 to September 2017 a comprehensive search of seven electronic
databases (MEDLINE [EBSCO], OVID, PubMed, ScienceDirect, SPORTDiscus, Web
of Science and Google Scholar) was performed. The same databases were searched in
January 2018 to identify more recent articles of relevance. The following keywords were

used: ‘backward’, ‘retro’ ‘running’, ‘backpedal’.
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Running direction >

Early stance  Mid stance Late stance Early stance Mid stance Late stance
) )

Backward running Forward running

Figure 2.1. Stance phase of backward and forward running

It has been reported that BR places greater metabolic demands on the body than FR at
relative and absolute velocities (3, 63, 251). Variables assessing energetic and
cardiopulmonary responses include indirect calorimetry (41), oxygen consumption, heart
rate, and blood lactate concentrates (3, 63, 251). Measurements of indirect calorimetry
revealed that BR elicits 28% higher metabolic cost compared to FR at 2.24 m-s* (41).
Oxygen consumption, heart rate and blood lactate have also been reported to be
significantly higher during BR than FR at 2.68 m-s* (3, 63). This suggests that BR elicits

a greater energetic demand and cardiopulmonary response than FR at a given speed.

Wright and Weyand (251) concluded that greater energetic demands exhibited during BR
were a result of a 14% increase in average muscle force per unit of ground force exerted
during BR versus FR. This resulted in 10% more muscle volume being activated to
produce each unit of ground force during BR compared to FR. These findings are reported

at relatively slow running speeds between 1.75 - 3.5 m-s’t. Currently it is unknown
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whether comparisons of BR and FR at running speeds greater than 3.5 m-s™ will result in

similar reports of greater muscle volume being activated during BR.

Another suggestion for why BR requires greater energetic demands is that it is less reliant
on the stretch-shortening cycle (29, 30). Cavagna et al. (29) concluded that BR relies less
on eccentric work and more on concentric work because the muscle-tendon units are
stretched more slowly during the braking phase at the beginning of foot-ground contact
and shorten more rapidly during the push at the end of foot-ground contact compared to
FR at similar absolute velocities. Accordingly, BR appears to be more reliant on the
contractile components of the motor unit, which are known to require greater energy
expenditure (96, 122). Therefore, BR is characterised by greater metabolic energy
expenditure when muscles are exerting greater forces during concentric contractions and

lower forces during eccentric contractions.

The time available for developing force is important for determining the energetic cost of
a movement (92). A simple inverse relationship exists between the rate of energy used
for running and the time a foot applies force to the ground during each stride (118). Wright
and Weyand (251) concluded that the application of ground force during both BR and FR
explains the energetic cost regardless of direction. Furthermore, they concluded that the
rate at which force can be applied during foot-ground contact is higher during BR than
FR (251). This finding has relevance to sporting applications because we know that rate
of force development seems to be primarily determined by the capacity of motor units to
produce maximal activation in the early phase of explosive contractions (first 50-75 ms)

(134).

20
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2.3.2 Kinematics

Running kinematics are biomechanical variables which describe motion of the body (e.g.,
angles, velocities and positions), without reference to the underlying forces that cause the
motion (165). Detailing kinematics during running is useful as the information provides
overt visual and quantifiable descriptions of movement. Typical kinematic measures of
running include joint kinematics (e.g., location and orientation of body segments) and
step kinematics (i.e. contact time, flight time, stride length and stride frequency).
Empirical research pertaining to kinematic characteristics of FR and sprinting, and the
influence of training on these variables, is plentiful (for review, readers are referred to the
articles of: Mero et al. (151, 177), Novacheck (180)). Unfortunately, relatively little

information is available on the kinematics of BR.

2.3.2.1 Joint kinematics

It appears that BR displays distinct differences (see Figure 2.2) in the displacement of the
lower limbs compared to FR (9, 55, 65). Differences can be attributable to the reversal of
movement direction and the location and magnitude of joint displacements over a stride

cycle (55, 65).

2.3.2.1.1 Ankle range of motion

From the time a runner leaves the ground until mid-way through the flight phase of their
stride, ankle kinematics display similar ranges of motion (ROM) for both FR and BR
(55). However, differences appear moments before ground contact of the foot,
characterised by a dorsiflexed position during FR and a second plantarflexion phase
during BR (55). Mean ankle range of motion over a stride cycle has been reported to be
52 - 55" and 42 - 47° during FR and BR, respectively (9, 55). One possible explanation

could be that the ankle is anatomically designed to produce forward propulsion (87). The
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training adaptations could result from decreased knee ROM and increased vertical leg
stiffness exhibited during BR. For example, increases in vertical leg stiffness may
translate to greater utilisation of the stretch-shortening cycle (27) and reduce deformation
of the lower extremities during FR and high velocity movements such as sprint-running

and change of direction tasks (8). However, this posit has yet to be empirically tested.

2.3.2.1.3 Hip Range of Motion

Mean ROM between 27 - 42° and 40 - 69° have been observed at the hip for BR and FR,
respectively (9, 55). Increasing running velocity results in concomitant increases in hip
joint displacement for both FR and BR (9). Maximal hip flexion is rarely achieved during
either FR or BR, yet maximal hip extension is only seen during FR (55). The lower ROM
displayed during BR versus FR might be a result of anterior musculotendinous structures
of the hip, knee and abdomen preventing overstretching during the flight phase of the

stride cycle (105). This postulate seems logical, yet is currently untested.

2.3.2.2 Step Kinematics

Joint kinematics are known to be related to step kinematics during running (93). For
instance, as running velocity increases joint ranges of motion become greater, which leads
to concomitant changes in step kinematics i.e. longer stride length (24, 85). Step
characteristics are variables that have been used by coaches and sports scientists to assess
running performance for decades (52, 180). For example, optimal stride length has been
recommended for submaximal and maximal phases of FR (7, 72, 107) and increases in
stride frequency are thought to determine maximal sprint running performance (138,
171). To gain insights into the relationship between running direction and step kinematics
researchers have analysed running performances at velocities ranging from 1.85 - 6.42

m-stand 2.64 - 9.10 m-s* for BR and FR, respectively (9, 41, 55, 64, 231).
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Running velocity is considered a result of the interaction between stride length and stride
frequency (52), with greater speeds achieved through large ground reaction forces
produced during short ground contact times (243). It has been reported that the distance
between each ipsilateral foot-ground contact i.e. stride length, is significantly less during
BR than FR (251), where matched absolute speeds have been reported to be 12% less (55,
63) and relative speeds 37% shorter (9, 243). Alternatively, stride frequency has been
determined to be significantly higher for BR than FR (251), with matched absolute speeds
being 12% faster (55, 63) and relative speeds showing 11% higher turnover (9, 222, 243).
In BR, contact times have been found to be 19% longer at self-selected speeds (65), 9%
shorter at matched absolute speeds (231) and 5% greater at relative speeds (243)
compared to FR. Flight times, i.e. time that neither foot is in contact with the ground,
have been shown to be lower for BR than FR by 9% and 25% when compared at matched
absolute and relative running speeds, respectively (231, 243). These findings indicate that
BR is characterised by increased contact times and decreased flight times which manifest
as shorter stride lengths and higher stride frequencies across a range of speeds. Stride
length and flight times appear to be influenced to a greater percentage when matched at
relative running speed. This may be due to greater FR velocities being achieved, as we
have seen that BR is on average 30% slower than FR (9, 243). FR appears to display
advantageous step kinematics for producing higher running speeds than BR, although it
is difficult to decipher the underlying determinants due to limited published studies in

this area.

2.3.3 Function and Activation of Leg Muscles During Forward and Backward Running

As running speed increases, the need for greater forces to produce longer stride length

and higher stride frequency appears to be controlled by increases in leg muscle activity
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(115). The activation of leg muscles during human locomotion is the result of learned
programming patterns generated via the central nervous system (56). The same
neurological system stimulated by afferent muscle, joint and associated tissues is believed
to produce both backward and forward locomotion (57, 83, 100, 248) and has been
suggested to extend to BR and FR (148). This revelation has led to researchers
investigating how the function and activation of musculotendinous structures of the lower

limbs change with running direction (64, 231).

2.3.3.1 Muscle Function

The mechanical function of leg muscles is considered to have developed in humans to
propel us forward (22, 142). The quadriceps and tibialis anterior primarily serve to
attenuate eccentric braking force during early foot-ground contact while the plantar
flexors, hamstrings and gluteal muscles assist in forward propulsion (139). The functional
roles of lower limb muscles are interchanged between BR and FR, whereby the anterior
muscles of the legs become the primary source of propulsion and posterior muscles
absorb braking forces during BR (55). The findings of Flynn and Soutas-Little (64)
support this notion with their discovery that the muscle firing patterns are unique to
running direction. Specifically, BR velocity is achieved by large productions of activity
during the shortening action of the quadriceps and posterior lower leg muscles. The
pragmatic utility of this knowledge provides a method for reducing eccentric strain on
desired musculotendinous structures of the leg, while potentially developing greater

concentric contractile adaptations.

2.3.3.2 Muscle activation

If faster running velocities are related to increased muscle activity (115), FR could be

expected to be characterised by greater activity than BR. However, the reality is that most
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lower limb muscles display greater total activation over an entire stride cycle during BR
compared to FR (64, 222). The greatest differences are present in the leg extensor/hip
flexor muscles with a range between 53.3% and 189.6% greater activity over the stride
cycle reported during BR compared to FR at the same absolute speed (222). These
findings are important because they are the driving force for some clinicians and
researchers claiming that BR can be used to increase leg strength and power (111, 231)
and restore muscle balance (64). In addition to greater muscle activation, the average
muscle force per unit ground force has been shown to be substantially higher (14%) for
BR than FR (251). The researchers suggested that this was a result of larger muscle forces
at the ankle presenting during BR, which may manifest due to the average active muscle
length being 4% shorter during BR than FR. This suggestion seems plausible as muscles
of the lower leg have reported higher activation when length is decreased (179).
Practically, even at matched absolute speeds this means that the muscle spent 4% more
time in a concentrically contracted state over the stride cycle when the subject ran

backward.

2.3.4 Kinetics

Kinetic variables (i.e. vertical and horizontal forces) have been shown to be important
measures to determine running performance (24, 107, 151, 244). The ability to generate
large forces in short periods of time characterises fast running speeds (243, 244). It is
important to therefore quantify and compare how forces are expressed during BR and FR
to understand the similarities and differences between running directions. Figure 2.3

illustrates some key kinetics associated with BR compared to FR.
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expressed before and after peak ground reaction force is experienced may enhance our

understanding of how FR and BR are generated.

2.3.4.3 Braking and Propulsive Forces

Kinetic variables such as braking and propulsive force expression and the rate at which
force can be developed may serve strength and speed coaches with useful information
when performance enhancement is the objective. Ground reaction forces during running
change from being negative during early foot-ground contact (i.e. braking) to being
positive during late foot-ground contact (i.e., propulsion) (29, 165). Measuring the
duration and magnitude of braking and propulsive forces provides insights into the

demands of muscle components (58, 86).

Running at a constant speed, the momentum lost during braking must equal the
momentum gained during propulsion (31). The time the body undergoes braking forces
has been shown to be shorter in BR compared to FR at constant speeds (29).
Alternatively, the time generating propulsive forces has been found to be longer during
BR than FR (29). The differences in time during braking and propulsion between BR and
FR indicate that the mean force experienced while braking is greater in FR, while the

mean force necessary for propulsion is greater during BR (30).

Expanding on the expression of force between BR and FR, Cavagna and colleagues (29,
30) discovered that the propulsive power during BR is, on average, greater than the
braking power. Ultimately, the difference between backward and FR is due to a
significant increase of the average propulsive power with a non-significant change in
average braking power. This information suggests that compared to FR, BR may be less

efficient at transferring eccentric energy to concentric energy via the stretch shortening
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promising for rehabilitation and performance purposes, most research has been conducted
at relatively slow speeds where BR and FR were matched at absolute velocities. Knowing
that maximal BR speed is approximately 30% slower than maximal FR speed (9, 244),
further research is needed to conclude whether the available findings can be translated to
comparisons at higher, relatively matched running speeds. Furthermore, as external
resistance is known to influence biomechanical determinants during FR (6, 42, 129), the

acute effects of adding resistance to BR is unknown.

| maximal running speed
=~ 70% of FR

1 aerobic demand
1 anaerobic demand

1 total muscle activation of
- Quadriceps
- Hamstrings
- Gastrocnemius
- Tibias anterior

| stress on knee joint

1 rate of force development
1 vertical leg stiffness

Ground reaction
forces experienced
closer to toes

1 stride frequency

*
*

| stride length

Figure 2.4. Key characteristics of backward running compared to forward running at
relative and absolute speeds.
N.B. The differences shown are relative to forward running. FR = forward running
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2.4 Longitudinal Responses to Backward Running

2.4.1 Warm-up Programmes to Reduce Injury and Enhance Performance in Athletes

An integral purpose of most sports training programmes is to prevent injuries and enhance
athletic performance. Thus, warm-up protocols which include BR have been developed
and researched in adult and youth populations (49, 220). The most notablepProgrammes
include the FIFA 11+ (131, 220), FIFA 11+ Kids (203) performance enhancement and

injury prevention (77), HarmonKnee (114) and Dynamic Warm-Up Programmes (4).

From a prevention perspective, these warm-up programmes have shown to statistically
reduce lower limb overuse and injury prevalence (95). Additionally, it seems that these
Programmes can significantly enhance quadriceps and hamstring strength (4, 49),
hamstring flexibility, (4), sprint performance (12) and dynamic balance (50). Whilst the
authors are aware that the warm-ups comprise of multiple movements and it is difficult
to disentangle the contribution of each exercise to the researchers’ findings, these results

provide support for implementing warm-up programmes that includes BR.

2.4.2 Aerobic and Anaerobic Adaptations of Backward Running

Two research teams have examined the longitudinal effects of BR on physical and fitness
adaptations (186, 229), although one must be cognisant that neither compared the effects
to FR. Terblanche et al. (229) tested the effects of a BR programme on physical and
performance components of fitness in 26 habitually-trained females. After training BR
three times a week for six-weeks, the training group decreased body fat by 2.4% (p =
0.01), increased predicted maximal oxygen uptake (VO:2zmax) by 5.2% (p = 0.01),
improved FR economy by 30.3% (p = 0.01) and decreased blood lactate concentration
after submaximal FR by -17.1% (p = 0.01). The control group, which were not exposed

to a training stimulus, did not show significant improvements in any of the tests. These
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Change of direction performance for the BR group showed significant improvements for
all change of direction tasks, ranging from 2.99% for the 505-agility test to 10.33% in a
ladder test. The improvements in the BR group were also found to be significantly greater
than the FR group, which showed a range of improvements from 0.38% in the 505-agility
test to 2.87% in the ladder test. These findings suggest that BR training may be used to
improve change of direction performance and maintain linear forward sprint-running

performance.

2.4.5 Training Responses Summary

The longitudinal adaptations to BR training appear to be beneficial for improving aerobic
and anaerobic performance; isometric and concentric leg strength; and change of direction
performance. These adaptations offer valuable insights into the possible applications of

BR training in sports training Programmes.

Studies that have quantified the effects of BR on physical and physiological adaptations
are few and typically carry a number of limitations e.g. lack of FR versus BR and/or lack
of a training control group. From a practical perspective, this means that coaches and
athletes wishing to use BR training do not have support for how to prescribe intensity or
load to systematically overload training for their desired adaptations. It is unknown
whether BR training is the panacea for injury prevention or performance enhancement.
However, if BR is empirically investigated using robust methodological approaches,
researchers and coaches may better understand the utility of implementing BR into a

sports training programme.
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2.5 Practical Application

Repetitive stress on musculoskeletal structures may lead to overuse injuries. Therefore,
BR may be a method to increase training variability and reduce injury prevalence. From
a performance perspective, exercises such as the start and acceleration phases during
sprint running are known to require large isometric and concentric muscular forces. It
may be hypothesised that BR could be used as a method to train such movements based
on the knowledge that BR requires greater isometric and concentric demands of the
musculotendinous structures of the legs to propel the body than constant speed FR at
relative speeds. Furthermore, reductions in total lower limb ROM expressed during BR
would allow the foot to be repositioned more rapidly and increase stride frequency.
Higher stride frequency displayed during BR might help improve the neurophysiological
functions of the body to increase maximal FR performance. This is further supported by
the fact that greater vertical leg stiffness is associated with BR compared to FR. High
vertical leg stiffness is known to be concomitant with greater maximal forward sprinting

speed.

2.6 Conclusion and Research Suggestions

It appears that BR exhibits a unique energetic and biomechanical profile compared to FR.
Whilst running speed may be limited by musculoskeletal function during BR, researchers
have reported that the acute responses may be beneficial from both clinical and
performance perspectives compared to FR. Energetics and biomechanics encompass a
large portion of variables important for understanding the demands of a movement, yet
only a small number of scientific investigations have researched these determinants in

BR.
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Empirical support exists for implementing warm-up protocols which include BR into
sports training programmes to both fortify athletes against injury and improve
performance. Additional evidence suggests that BR might be a training strategy to
improve cardiovascular and neurophysiological functions necessary for optimising
athletic performance. Whilst empirically supported reports are encouraging, longitudinal
research on the training effects of BR is scarce. Currently, the training studies conducted
on BR have been unresisted, therefore it is unknown how prolonged loading of BR may
affect athletic performance. Additionally, most of these training studies are not designed
to analyse the effects on trained athletes. Furthermore, none have analysed the effects on
paediatric populations. Without knowledge in these areas, a dearth of scientific insight

exists pertaining to BR training.

The biomechanics of BR are relatively well understood at slow running speeds,
nevertheless little is known about how these determinants change with relation to running
velocity or with various types of external resistance. Given this information, it is
suggested that more empirical research should be conducted in this area. The findings of
these investigations may allow for a more complete understanding of how BR may be

implemented into sports training Programmes to achieve a desired training effect.

Until now, sports scientists have shown relatively little interest in developing BR training
strategies that could improve athletic performance. The lack of research in this area means
that coaches must make decisions concerning sport performance training without the
support of empirical data. It is our recommendation that future research investigate the
influence of speed and resistance on the acute and chronic effects of BR and FR.

Additionally, we recommend that explorations be conducted in both youth and adult
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populations to understand whether BR is influenced by either maturation or training

history.
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3.1 Introduction

It is common for coaches to prescribe targeted running speeds (e.g. half speed, three-
quarter speed, or full speed), or intensities (e.g. a percentage of maximal running effort),
during warm-ups (119), in training (19, 91) or for rehabilitation (94). Target intensities
may range from relatively slower, submaximal efforts (190), to fast, maximal efforts
(130), depending on the desired outcome of a session. Based on where and how target
speed training is utilised in an athlete development programme, this training strategy may
serve to prepare athletes for the rigours of competition, elicit desired training adaptations
or help athletes return to their sport following injury. In the absence of sensory feedback,
the capability of athletes to achieve target running intensities is facilitated by their ability
to self-select their running velocity using auto-regulated strategies (2). Although it is
common for coaches to prescribe target running intensities, there is currently little
evidence to support that athletes are able to consistently achieve similar performances at

these intensities between training sessions.

Submaximal target speeds (i.e. tempo running) have been programmed to improve
running mechanics and promote aerobic adaptations (68, 73), while target speeds at
maximal or near maximal sprint-running efforts are used in training to reflect
biomechanical and physiological demands similar to those experienced by many athletes
participating in field and court sports (10, 73). Maximal effort forward sprint-running
over short distances (i.e. 20 m) have been reported to have high inter-day reproducibility
in paediatric populations with coefficient of variations (CV) around 2% and high
intraclass correlational coefficients (ICC) between 0.82 and 0.91 (70, 182), yet a paucity
of information around reproducibility of submaximal speeds exists in youth. Moreover,
no such information exists around the consistency of backward running (BR) training in

youth.
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Forward running (FR) and BR are sport-specific movements utilised by adults and
adolescents during most overground sports (14, 84). However, the majority of scientific
research has been on FR or forward sprint-running. This is interesting given that match
analysis in youth football players has shown BR accounts for approximately 5% of total
competition performance (198). Recently, BR has been proposed as a method for
enhancing athletic performance given its unique acute and longitudinal adaptations
relative to FR (235). Running speed during maximal efforts in adults have been reported
to be approximately 30% slower during BR compared to FR (243), primarily as a result
of shorter stride lengths and decreased reliance on the elastic components of the stretch-
shortening cycle BR (148, 243, 251). At submaximal speeds, however, it is unknown
whether similar decreases will be realised between the two running directions when asked
to run at relative intensities. These biomechanical differences between FR and BR make
them uniquely beneficial for inducing acute and long-term adaptations. Given BR’s
distinct biomechanical profile and the dearth of scientific literature on this running

direction, empirical research is necessary to guide prescription strategies for BR.

Athletes use autoregulation to self-select targeted running speeds during both FR and BR
in a variety of sports training situations, whether it be to prepare for the demands of
competition or as a return to play protocol following injury (94, 239). However, the ability
of high-school athletes to accurately self-select targeted running speeds, i.e. slow,
moderate and fast, during either FR or BR, using auto-regulated strategies is unknown.
Between session consistency has been reported for maximal effort forward sprint-running
performance in youth athletes (70, 182), yet no information about the consistency of
running speeds exists at submaximal intensities in youth. Additionally, no information
regarding the ability of athletes to run at prescribed target speeds is available on BR in

young athletes. Therefore, the primary purpose of this study was to determine the ability
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of youth athletes to run at prescribed target speeds during short overground efforts. An
additional aim of this research was to establish and compare velocities associated with

FR and BR at different prescribed intensities.

3.2 Methods

3.2.1 Participants

Thirty-four youth male athletes agreed to participate in this study. All participants were
physically active and involved in summer sport(s) during the study duration, which
generally consisted of two trainings and one competition game in a typical week. Maturity
status was assessed using a non-invasive measuring technique recorded as age from peak
height velocity (PHV), as predicted from anthropometric measures (163). The athletes
were a mean age of 16.4 + 0.9 years, with stature of 1.80 £ 0.05 m, body mass of 80.6
12.6 kg and maturation of 2.8 £ 1.0 years from PHV. All parents/guardians provided
written consent and assent from the participants were obtained prior to testing. The

protocol was reviewed and approved by the Institutional Ethics Committee.

3.2.2 Measures

Running velocities associated with auto-regulated slow (i.e. 40-55% of maximal sprint
performance), moderate (i.e. 60-75% of maximal sprint performance) and fast intensities
(i.e. +90% of maximal sprint performance) served as the dependent variables. Double
beam electronic photocell timing gates (Swift Performance Equipment, Australia), linked
to an electronic timer, were used to determine sprint times of the running trials under each
condition. Running times were then used to calculate average velocities between 0 —10 m

and 0 —20 m splits for all running trials.
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Table 3.1. Auto-regulated forward and backward running velocities over 10 m and 20 m and associated consistency data for slow, moderate, and fast intensities.

% Change in mean CVv 1CC
Variable Day 1 Day 2 Day 3 Day 1-2 Day 2-3 Day 1-2 Day 2-3 Day 1-2 Day 2-3
(utsd)  (u+sd)  (u*sd)  (95% CL) (95% CL) (95% CL) (95% CL) (95% CL) (95% CL)
10 metres
Slow forward 6.15 0.65 12.0 4.33 0.45 0.93
(m-sY) 2.70£041 2532041 2542031 11 34,.075) (-143102.78) (9.581016.09) (3.4810547) (0.14100.68) (0.82 to 0.95)
Slow backward -3.98 1.07 8.75 3.82 0.75 0.94
(m-s) 196+033 187030 189029  ;451,008) (296101.87) (7.00t011.68) (3.0710506) (0.56t00.87) (0.88 t0 0.97)
Moderate forward 4.40 -1.25 8.21 3.78 0.56 0.87
(ms) 3.70£049 384£036 380+039 (411,854) (-30410057) (6571010.94) (3.06105.00) (0.28100.75) (0.76 to 0.93)
Moderate backward 5.274% -1.25* 7.16 3.26 0.67 0.92
(ms) 267+032 281033 2752030 )2/ i 503) (3.4410-033) (5.74109.53) (262t04.32) (0.43100.82) (0.85 to 0.96)
Fast forward 1.49 0.13 352 1.24 0.48 0.90
(m-s) 538028 545£022 545+020 (931,324) (-0.74100.50) (2.83104.66) (1.00t0164) (0.18100.70) (0.81 to 0.95)
Fast backward 2364 0.34 285 1.42 0.87 0.96
(ms) 402£032 411x028 4132027 o0 378) (036101.04) (229103.76) (L14101.87) (0.75100.93) (0.92 10 0.98)
20 metres
Slow forward -3.57 -0.75 10.95 4.24 0.52 0.91
(ms) 2.713£041 2.62£040 260+031  ga915151) (276t01.3) (8.741014.66) (34010561) (0.23100.73) (0.82 to 0.95)
Slow backward -2.06 0.20 8.92 3.63 0.70 0.92
(ms) 1.99£035 1942022 1942025 5151,216) (-154101.98) (7.141011.91) (2.92t04.81) (0.48100.84) (0.85 o 0.96)
Moderate forward 5.05 -2.18 8.38 3.63 0.63 0.89
(m-s?) 3942057 4122043 4042047 44961,930) (-40310-0.30) (6.70t011.17) (3.1710523) (0.37100.80) (0.79 to 0.94)
Moderate backward 5.59¢ -2.184% 7.14 3.09 0.72 0.94
(m-sY) 2832038 2982037 2922036 ) 0610 004) (-36410-0.70) (5.72109.50) (2.49104.09) (051100.85) (0.89 to 0.97)
Fast forward 0.57 -0.05 2.48 1.00 0.76 0.95
(m-s) 6.23£033 6.26£0.28 626+027 (6415179) (-054100.44) (1.99103.27) (0.81101.32) (0.57100.87) (0.91to 0.98)
Fast backward 2.16<% 0.15 2.66 0.99 0.91 0.99
(m-s) 455£040 464+036 465:035 ot 340) (03210064) (21410351 (0.80t0130) (0.82100.95) (0.97 to 0.99)

* Significant (p < 0.05), < significant (p < 0.01) and } significant (p <0.001) for between-day performances.
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Figure 3.1. Comparison of averaged 10 m FR and BR velocities for athletes running at

slow, moderate and fast intensities.

<% = FR velocity significantly faster than BR velocity (p < 0.01)
T = FR velocity significantly faster than BR velocity (p <0.001)
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Figure 3.2. Comparison of averaged 20 m FR and BR velocities for athletes running at

slow, moderate and fast intensities.

1 = FR velocity significantly faster than BR velocity (p <0.001)
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3.4 Discussion

The ability to autoregulate running speed is important in terms of preparing the body for
sports (i.e. warm-up and training) to induce specific physiological and mechanical
adaptations. The present study sought to quantify the ability of adolescent athletes to
consistently achieve targeted speeds using autoregulation during FR and BR. The main
findings of this study were: 1) Change in the mean, CVs and ICCs indicate that there was
a systematic change between the first two trials, with better consistency in results in the
latter trials, indicating a familiarisation/learning effect; 2) that athletes can autoregulate
forward and backward running velocity consistently with adequate familiarisation i.e.
Trials 2 - 3 — change in the mean < 2.2%; CV < 5%; ICC > 0.87; 3) greater absolute
consistency and agreement was associated with greater velocity; 4) averaged FR velocity
was approximately 27% greater than BR across all prescribed target intensities, however,
consistency and agreement of performance within the relative speed zones (slow,

moderate, fast) was similar.

Improvements in the CV and ICC between trials 2 — 3 compared to trials 1 - 2 suggest
that either a continued familiarisation, or a learning effect, was present for both FR and
BR across all intensities in trial 1, but learning or familiarisations seized to continue in
trials 2 and 3. The performance deviations reported in the present study are likely
attributed to biological variations of the athletes since typical error associated with timing
lights has been shown to be minimal (44). The time around PHV has been associated with
temporary disruption in coordination (196) and youth performances have been shown to

fluctuate on some athletic tasks, such as a countermovement jump (75).

Despite the presence of systematic bias between testing occassions, the present research
demonstrated that with ample familiarisation, youth athletes can consistently attain

prescribed submaximal and maximal target speeds during FR and BR using
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autoregulation. This is important as coaches who prescribe target running intensities or
use target speeds as a testing method must be confident that their exercises are training
or measuring the appropriate athletic qualities (101, 123). Given the presence of a
potential learning effect, youth athletes may require multiple familiarisation sessions to
become accustom to attaining consistent target running intensities via autoregulation.
However, with an absence of literature on this topic, additional research is necessary to

support this posit.

Interestingly, as velocity increased, so did consistency of auto-regulated performances.
Running at the fastest velocities were associated with the lowest error between days
compared to slow and moderate efforts. Reliability statistics at the fastest intensities agree
with previous findings that youth athletes can reproduce FR sprinting performances (70,
182). The findings suggest that both maximal effort FR and BR may be used as
performance assessment tools. While the present research provides promising
information around the ability of youth to use autoregulation to attain target speeds and
potential utilities around the findings, direct comparisons to previous findings are difficult
due to a scarcity of published literature related to the consistency of running direction

and/or intensity using autoregulation in youth populations.

Averaged FR velocity was approximately 27% greater than BR across all prescribed
target intensities, however, consistency of selecting velocity within the relative speed
zones (slow, moderate, fast) was similar. These velocity differences are in line with
previous findings which demonstrated that submaximal and maximal running velocities
during BR are, on average, 70% of FR velocity in adults (9). Differences in velocity may
be expected between the two running directions as the human body has evolved to run
forwards and the lower limb joints are mechanically constrained by skeletal and soft

tissue (142). While BR appears to be less efficient at utilising eccentric energy during
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the stretch-shorten cycle (29), this does not explain the similar consistencies achieved
between the two running directions. As both running directions corrected velocity at the
slowest intensity by becoming slower and moderate and fast velocities became faster
between trials 1 — 2, how the inconsistencies in movement were resolved appears
dependent on the speed of movement, rather than the running direction. According to
motor programming theories and posits by some researchers, each direction of movement
iIs modulated by the same spinal neural network and modifications in one direction of
locomotion may transfer to the other (148). Theories of control models may help explain
the current findings, yet current models are incomplete and contention exists around how

each direction of running is accomplished (100).

Auto-regulating running velocity appears to be an important method for achieving target
running intensities in athletic populations (2). Understanding the consistency of
performances between trials is essential for guiding exercise prescription and testing
protocols. The present study identified that youth athletes can use autoregulation
strategies to self-select a range of FR and BR speeds similarly in the absence of external
cues. While the current study is limited to male athletes primarily post-PHV, it provides
a focused understanding of gender- and maturity-specific performance for FR and BR at
speeds used by practitioners and clinicians to prepare athletes for competition and
progress back into their sport following injury. Knowing that greater differences in
performance are experienced by less mature children when exposed to new stimuli
compared to their more mature counterparts (e.g. adding resistance to FR) (205),
scientists and practitioners would benefit from future investigations into the underlying
mechanisms responsible for promoting motor control and the relationship between

maturation and novel performance tasks in youth athletes.
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CHAPTER 4. LOAD-VELOCITY RELATIONSHIPS DURING
RESISTED FORWARD AND BACKWARD RUNNING IN HIGH-
SCHOOL ATHLETES

4.0 Prelude

The main finding from Chapter 3 was that a common specific sprint prescription tool (i.e.
running intensity) can consistently be used as a method to overload FR and BR for male
high-school athletes. Another common training method for overloading specific sprint
training is load in the form of resisted sled towing. Determining the load-velocity
relationships during resisted sprinting (RS) can be used to assist load prescription. For
example, determining decreases in velocity associated with loads can be used to establish
optimal loading strategies based on the desired training responses. A scarcity of research
is available detailing the load-velocity relationships during forward RS (FRS) in youth
athletes, and no formal studies exist detailing the load-velocity relationship during
backward RS (BRS). Further, it is unknown whether the load-velocity slopes, or running
speeds, are consistent during FRS or BRS. Therefore, the purpose of this chapter was to
explore the load-velocity relationships during FRS and BRS and determine the
consistency of running performances. Findings from this study will help provide
practitioners with guidance on how to determine loads for FRS and BRS and

progressively overload this specific sprint training modality for high-school athletes.

This chapter comprises the following paper:
Uthoff, A., Oliver, J., Cronin, J., Winwood, P., Harrison, C. (under review). Load-

velocity relationships during resisted forward and backward running in high-school
athletes. Science and Sport.
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4.1 Introduction

Resisted sprinting (RS) towing weighted sleds has been used as a specific method to
enhance sprinting ability in youth (205). To date, all RS studies in youth have been
completed while running forwards (20, 204, 215). Interestingly, backward running (BR)
has also been a locomotive strategy used to enhance athletic performance (235) due to its
unique training stimulus compared to forward running (FR), yet the acute effects of

loading this running direction is unknown in all populations including adolescents.

To determine optimal loading strategies, load-velocity profiles during RS have been used
to assess percentage decreases in velocity (% Vdec) attributed to loads as a percentage of
body mass (% body mass [BM]) compared to unresisted sprinting (46). In the only study
detailing the load-velocity relationship during RS in youth, Rumpf et al. (205) concluded
that for every 2.5% increase in BM when using loads up to 10% BM, RS times decreased
by 2.4% in adolescent males. The ability to predict the percentage decrease in velocity
associated with loads as a percentage of body mass is useful for determining optimal loads
based on the desired training goals. However, there have been no formal studies, either
to establish the load-velocity relationship during RS forwards (FRS) or backwards (BRS),
nor the consistency of these RS conditions in boys. Therefore, the aims of this study were
to quantify the load-velocity relationship during FRS and BRS and determine the

consistency of this load-velocity data across multiple testing occasions in youth athletes.

4.2 Methods

4.2.1 Participants

Twenty-one male athletes (age, 13.6 £ 0.28 y; height, 1.7 £ 0.09 m; mass, 66.1 * 8.2 kg;
maturity, 0.57 = 0.72 y from peak height velocity) agreed to participate in this study.
Maturity status was assessed using an anthropometric measuring technique recorded as

age from peak height velocity (PHV) (163). All guardians provided written consent and
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Figure 4.1. Load-velocity relationship of FRS and BRS.

FRS = forward resisted sprinting; BRS = backward resisted sprinting; BM = body mass
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Table 4.1. Descriptive and consistency data during FRS and BRS.

Velocity % Change in mean cVv ICC

Condition Week 1 Week 2 Week 3 Day 1-2 Day 2-3 Day 1-2 Day 2-3 Day 1-2 Day 2-3

(mean +SD) (mean +SD) (mean +SD) (95%Cl)  (95%Cl)  (95%Cl) (95%CI) (95%Cl)  (95% Cl)
20(2955528 46+034 45033 462027 (-2._70£61.3) (-0.6%1(()) 2.1) (2.63;44.9) (1.72t63 3.3) (0.57Oi210.92) (0.780i210.96)
20(.?-5? 312028 312025 32023 (-1.3 '292.8) (0.192;)1 4.7) (3.041}? 5.8) (2.93;&? 5.5) (O.58O£10.92) (0.520£Z)7o.90)
30(::1955;{8 40+£038  40+037  40x0.24 (-2.-70;131.9) (-2._40£13.0) (3.03;'095.7) (3.61;)7 6.8) (0.640£40.93) (0.340i§60.85)
30(:?195"31)'?  26%032 27028 28021 (0.68?05 7.3) (-3.2 .'[2003.9) (3.03;'095.7) (3.2?)2 6.2) (0.750£90.95) (0.570igoo.91)
40(::1955;{8 34+046 35037 352029 (-o.o%?g 5.1) (-2._50321.4) (3.51'066.7) (2.53t63 4.8) (o.7ooig7o.94) (0.750i§90.95)
40(.rl;g-sl-gl)R 222029 23%025 23019 (-1.03£§ 7.2) (-2.2 .t2023.0) (5.4 t7c3110.5) (3.61'07 6.8) (O.34O£70.85) (0.550£Z)90.91)

FRS = forward resisted sprinting; BRS = backward resisted sprinting; SD = standard deviation; Cl = confidence intervals.
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direction influences the magnitude of load needed for the same relative velocity decrease.
Whether this finding affects adaptation is unclear and, therefore, requires future research.
Practitioners can be confident in the consistency of load-velocity data in monitoring the
force(load)-velocity capability of athletes in both running directions. Furthermore, such
data allows better diagnostics to enable more targeted RS training e.g. athletes that need

a speed-strength stimulus vs a strength-speed stimulus.
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5.1 Introduction

Sprint performance over short distances has been identified as a key characteristic of
successful young athletes around the time of their adolescent growth spurt (132). Boys
commonly experience their adolescent development between 12 and 16 years of age (16).
Given the importance of sprint ability in sport and suggestion that speed development can
be optimised during adolescence (125), it is no surprise that a myriad of specific and
nonspecific training methods have been developed to enhance neural and structural
characteristics associated with sprint performance in adolescents (60, 128). Sprint-
specific training refers to free sprinting (i.e., straight line sprinting with passive recovery),
resisted sprinting, or assisted sprinting, whereas nonspecific sprint training corresponds
to other methods, such as strength, power, or plyometric training (209, 210). An
abundance of research is available highlighting the benefits of nonspecific training
methods on sprint performance and underlying determinants of speed, such as lower-body
power and stiffness (15, 126, 170); yet, the optimal development of speed and power
measures in adolescent male athletes using sprint-specific training methods requires

further understanding.

Researchers have reviewed the effectiveness of sprint- specific training on boys’ sprinting
ability, concluding that free sprinting is a beneficial method for enhancing short-sprint
speed up to 20 m with moderate to large effect (168, 209). From these two reviews, a total
of six studies were identified, which measured the effects of straight-line free sprint
training on running performance. Although the current re- views provide a
comprehensive overview of the available scientific literature, the effects of anecdotal
training methods yet to be empirically scrutinised remain unknown. For example,

backward running (BR) has been used as part of specific training procedures in a variety
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of athletic sports (100, 235). However, to the authors’ knowledge, the effects of BR on

forward sprint performance in adolescent athletes are absent from literature.

Like forward running (FR), BR occurs in bursts during many overground sports (e.g.,
soccer, rugby, American football, and most racquet sports) (164). A recent review of BR
by Uthoff et al. (235) highlights the immediate and long- term effects of BR on athletic
performance. Sports warm-up programmes such as the “FIFA 11+,”“Harmoknee,” and
“Prevent Injury and Enhance Performance” include BR to prepare adolescent athletes for
the demands of competition, reduce injury rates (185, 220), and enhance performance
(13, 178). The use of BR has been recommended in adult sports training programmes
because of its ability to improve power output (231) while concomitantly reducing stress
on the knee joint (201) compared with FR. Furthermore, it has been theorised that training
adaptations from BR may transfer to FR tasks (100, 148). Evidence for this effect has
been reported in adult populations (227, 230). For example, BR training (BRT) has been
shown to improve change of direction performance (227, 230), increase foot speed in a
ladder test (230), and maintain 20 m sprint performance times (230). Although previous
findings are promising in adults, it is unknown how these types of training adaptations
might transfer to adolescent athletes. Given that BR seems to be a method that promotes
injury prevention, increased power output, and performance transfers to FR tasks, the lack
of research attempting to quantify the effects of BR on these outcomes in adolescent

athletes is surprising.

Most research into the trainability of speed and power in adolescent athletes has explored
the effectiveness of nonspecific sprint training methods. Methods such as strength
training and plyometric training have been shown to enhance speed and lower-body

power and force characteristics (15, 126). Similarly, sprint-specific training methods are
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known to improve sprinting performances in adolescents (168, 209). Although, relatively
few studies are available on the trainability of speed in young athletes using free FR
training (FRT) or the effects of this type of training on lower-body power and force
measures in paediatric populations. Furthermore, it is unknown whether BRT influences
performance outcomes and whether these adaptations transfer to forward sprint ability in
adolescent athletes. Therefore, the primary aim of the current research was to explore the
effects of free BRT and FRT Programmes and quantify the potential training-related
adaptations these methods promote on sprinting performance and underlying
determinants of speed, such as leg stiffness and lower-body power in adolescent male

athletes.

5.2 Methods

5.2.1 Experimental Approach to the Problem

A cluster randomised control trial was conducted to quantify the effects of 8 weeks of
biweekly progressive running training, either forward or backward. To determine the
effectiveness of the sprint-specific training Programmes on speed and power measures,
sprinting ability, jJumping performance, and vertical leg stiffness were tested before and
after training. Boys enrolled in an athletic development programme at their school were
divided into a BRT group (n = 26) and an FRT group (n = 17). A control (CON) group
(n = 24) of the same age and physical characteristics was recruited from the school to
assess the effects of natural growth on the selected performance measures. The CON
group participated in their school’s normal physical education (PE) curriculum, but not
any structured training programme. Habituation sessions for the performance tests
occurred in week one, baseline testing was administered in week two, supervised training
was performed for the following eight weeks, and finally post-testing was concluded in

week 11. Quantitative analyses were conducted to test scores from pre-training to post-

64






Backward versus Forward Running Training in High-School Athletes

not meet the above criteria or failed to adhere to the training programme with above 80%
attendance. After being informed about the benefits and risks of participating in this
research, written consent was provided by all parents/guardians and assent was obtained
from the boys. All procedures were reviewed and approved by the Auckland University

of Technology Research Ethics Committee.

5.2.3 Procedures

Two baseline testing sessions and a post-training testing session were conducted at the
same time of day, on the same wooden sprung floor, in the same indoor school
gymnasium, using the same testing order for all performance tests. The participants wore
the same clothing and footwear for each testing and training session, were asked to avoid
any strenuous activity during the 12 hours preceding each session and maintain their
normal dietary intake before and after each session. The subjects participated in two
orientation sessions, separated by 3 days, to habituate themselves with the equipment,
experimental procedures, and movements 2 weeks before the study commenced. The
participants’ anthropometric measurements (height, seated height, and body mass) were
obtained during the first testing session. Thereafter, each participant performed a 15
minute standardised warm-up consisting of skipping, jumping, FR, BR, and sideways
running progressively increasing in intensity over 20 m, interspersed with dynamic
stretching of the lower limbs. Each testing session was used to determine the participants’
10 m, 10- to 20 m, and 20 m sprint times (s), countermovement jump (CMJ) height (cm),
and vertical leg stiffness. Each performance test was completed twice by all participants
in every group during each testing session. Five minutes of passive recovery was given
between each test. Average performance data for each test were used for analysis.
Baseline testing took place twice to establish the reliability of the variables with the

examined population before the 8-week study. Coefficient of variation (CV) was
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computed to determine inter-day reliability of the 2 pre-test performances; 10 m sprint
time (CV = 2.83%), 10- to 20 m sprint time (CV = 0.23%), 20 m sprint time (CV =

1.76%), vertical CMJ (CV = 4.24%), and hopping tests (CV = 4.34%).

5.2.3.1 Speed, Power and Stiffness Testing

Sprinting performance times over 20 m and splits from 0- to 10 m and 10- to 20 m were
evaluated using SpeedlightV2 wireless dual-beam photocell timing gates (Swift
Performance Equipment, Australia). Timing gates were placed 1.5 m apart at the start,
10- and 20 m distances, with photocell heights set at 92.5 cm (top beam) and 68 cm
(bottom beam) to correspond with approximately the centre of mass of the participants.
Participants were instructed to start in a split stance with their lead leg 50 cm behind the
first timing gate and toes of the back foot in line with the heel of the front foot. No rocking
or false steps were permitted before starting. Sprinting was encouraged to be completed
with maximal effort for each trial. Sprint-running performance up to 20 m has shown

good test-retest reliability in adolescence athletes (CV = 1.3-2.0%) (70).

Bilateral vertical CMJ height with full arm action was used to assess lower-body power.
A Vertec vertical jJump tester (Sports Imports, Columbus, OH, USA) was used to quantify
jump height. The lowest vane was individually adjusted, so that it corresponded to within
0.5 cm of each participant’s maximal standing reach height (174). Participants were
requested to use their dominant hand to displace the highest possible vane with an
overhead arm swing at the highest point of their jump. Height was determined from the
Vertec system as the number of vanes displaced above the original standing reach height
to the nearest 1.27 cm. Jump height was then calculated by subtracting the standing reach

height from the maximal jump and reach height determined from the highest displaced
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after a standardised progressive warm-up resembling the one used during testing.
Progressive overload principles were incorporated into the programme by increasing the
overall intensity of the session through autoregulated running speed and running distance
(see Figure 5.1). The intensities of slow, moderate and fast correspond to approximately
20 - 45%, 50 - 75% and > 95% of maximal effort, respectively. These speeds were chosen
to reflect common running intensities which young male athletes are capable of self-
selecting using autoregulation (236). Table 5.2 outlines the repetitions by intensity over
the prescribed distances for each training session. Equal volume and intensity were
prescribed for both the BRT and FRT groups. A duration of 8-weeks was chosen for this
study to exemplify how a running training programme can be implemented and assessed

over a typical school term in a high-school athlete development programme.

Because of the novelty of high-speed BR, special attention was focused on correct BR
technique by the means of demonstration and verbal feedback in the early sessions.
Technical characteristics of BR stressed during training are presented in Figure 5.3. The
FRT group also received specific technical instructions, such as; (a) “knee-up and toe-
up”, (b) “drive your arms from cheek to hip”, (C) “strike the ground with the ball of your

foot” and (d) “strike the ground under your hips and push back”.
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Table 5.2. Eight-week BRT and FRT programme.

Running Reps Distance (m) Distance per Total session
intensity intensity (m) distance (m)
Week 1
Session 1 Slow 3 15 45 225
Moderate 4 15 60
Fast 8 15 120
Session 2 Slow 3 15 45 225
Moderate 3 15 45
Fast 9 15 135
Week 2
Session 1 Slow 2 15 30 225
Moderate 4 15 60
Fast 9 15 135
Session 2 Slow 2 15 30 225
Moderate 3 15 45
Fast 10 15 150
Week 3
Session 1 Slow 1 15 15 225
Moderate 4 15 60
Fast 10 15 150
Session 2 Slow 2 15 30 225
Moderate 2 15 30
Fast 11 15 165
Week 4
Session 1 Slow 1 15 15 225
Moderate 3 15 45
Fast 11 15 165
Session 2 Slow 1 15 15 225
Moderate 2 15 30
Fast 12 15 180
Week 5
Session 1 Slow 3 20 60 300
Moderate 4 20 80
Fast 8 20 160
Session?2 Slow 3 20 60 300
Moderate 3 20 60
Fast 9 20 180
Week 6
Slow 2 20 40 300
Session 1 Moderate 4 20 80
Fast 9 20 180
Session 2 Slow 2 20 40 300
Moderate 3 20 60
Fast 10 20 200
Week 7
Session 1 Slow 1 20 20 300
Moderate 4 20 80
Fast 10 20 200
Session 2 Slow 2 20 40 300
Moderate 2 20 40
Fast 11 20 220
Week 8
Session 1 Slow 1 20 20 300
Moderate 3 20 60
Fast 11 20 220
Session 2 Slow 1 20 20 300
Moderate 2 20 40
Fast 12 20 240
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Figure 5.3. Graphical illustration of individual percentage change for sprinting
performances over 10 m, 10-20 m and 20 m from pre-training to post-training by group.
— = —-Small response (SWC =0.2); — — moderate response (MWC = 0.6); ===
large response (LWC = 1.2); FRT = forward running training; BRT = backward running
training; CON = control; SWC = smallest worthwhile change; MWC = moderate
worthwhile change; LWC = large worthwhile change.
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Figure 5.4. Graphical illustration of individual percentage change for countermovement
jump height and vertical leg stiffness performance from pre- to post-training by group.

- - --Small response (SWC =0.2); — —maoderate response (MWC = 0.6); ===
large response (LWC = 1.2); FRT = forward running training group; BRT = backward
running training; CON = control; SWC = smallest worthwhile change; MWC = moderate
worthwhile change; LWC = large worthwhile change..

5.4 Discussion

The purpose of this research was to understand the effects of BRT and FRT programmes
on speed and power measures in adolescent male athletes. This study is the first to
investigate the effects of performing free BRT or FRT on short sprint speed and power
measures in adolescent athletes. The major finding of this study was that individuals in
both running groups improved sprinting performance and vertical leg stiffness compared

with the individuals in the CON group who participated in normal PE curriculum.
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Moreover, BRT seemed to provide the greatest performance benefits for CMJ height and

10 m and 20 m sprint times compared with the CON and FRT groups.

Findings from this study revealed training-related improvements in short sprinting
performance up to 20 m for both FRT and BRT groups compared with the CON group.
This is in agreement with previous reports that free sprint training enhances sprint
performances up to 20 m more than natural development in adolescent male athletes
(167). In addition, the current research found that BRT provided greater gains in sprinting
performance over 10 and 20 m compared with FRT. This finding is in line with a previous
study, which concluded that BRT was more effective at maintaining FR sprint ability than
FRT in a group of 17 trained netball players (230). This is the first study to demonstrate
that BR can be used as a training method to significantly enhance FR sprint performance.
An explanation for this finding could be that both directions of locomotion are generated
by the same basic neural mechanisms (83, 108, 148). Neurological adaptations are known
to occur in response to periods of sprint training (202). By training one direction of
running, neurological adaptations may result for both BR and FR (100, 148). Therefore,

BR may be classified as a sprint-specific training method.

A higher number of participants in the BRT and FRT groups experienced adaptations
greater than the SWC compared with the CON group, with all but one participant in the
BRT group experiencing moderate to large gains in 10 m time. Although improvements
in 10- and 20 m sprint performance were reported after both the BRT and FRT
Programmes, it is important to distinguish that gains in 20 m performance were primarily
a result of increased speed over the first 10 m. This is especially true for the BRT group,
who increased performance more over 10 m than 20 m compared with the CON and FRT

groups. Although, this study demonstrated that improvements in 10 m sprint performance
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nature of adaptations that take place over periods of BRT. Although this study is limited
to male athletes’ mid-PHV, it provides a snapshot of sex- and maturity-specific
adaptations from sprint-specific training programmes compared with a traditional PE
curriculum in adolescent boys. Such findings are important considering the lack of
published data related to the effects of BR and specific FR sprint training in boys. With
the recent upsurge in scientific attention aimed at optimising sprint speed in young
athletes, additional training studies are necessary to understand the mechanisms
responsible for adaptations related to free and resisted BR and FR in paediatric

populations.

5.6 Practical Applications

Progressive high-speed BR is recommended as a safe and effective training method for

improving athletic performance in adolescent male athletes following sufficient practice

and instruction. Speed and strength coaches aiming to optimise the athletic potential of
adolescent athletes should consider the following points when implementing sprint-
specific training into the training programme of their athletes:

1. Training adaptations from BR transfer to FR sprint ability and underlying
determinants related to fast FR speeds in mid-adolescent boys.

2. Both BRT and FRT can be used to improve sprinting performance, jumping height,
and leg stiffness in adolescent athletes.

3. Implementing BR into a training programme provides a novel stimulus that seems
particularly beneficial for improving performance tasks heavily reliant on concentric
strength and power.

4. Regardless of running direction, coaches should pay particular attention to the
technical demands of running movements and be cognisant that effort and intensity

may moderate training responses to sprint-specific training methods.

81






Resisted Sprint Training in Youth

6.1 Introduction

Talent identification, team selection, and successful competitive outcomes for many
youth athletes are dependent on their ability to sprint quickly over short bursts (78, 159,
207). Fast sprinting performance is facilitated by a combination of lower-body power and
rapid stretch-shortening cycle function (183, 208). Running speed and the ability to
produce force quickly naturally improve due to growth and maturation (183, 207);
however, the development of speed and its underlying determinants may be further
enhanced through specific and nonspecific training methods (168, 209). Specific-sprint
training (i.e. resisted and unresisted sprinting) has been shown to be more effective than
nonspecific training methods (i.e. resistance training and plyometrics) for developing
sprinting speed in youth (209). Following the principle of specificity, specific sprint
training methods aim to promote neurological and musculoskeletal adaptations, which
are velocity and task dependent (43). Furthermore, novel sprint training methods such as
backward running (BR) have resulted in greater improvements in speed, jumping height,
and leg stiffness than more traditional forward running (FR) programmes in youth athletes
(238). This is important as increased jumping height is related to improved strength

qualities (40), and leg stiffness is essential for force transmission during sprinting (208).

The training principle of specificity is considered critical for maximising the benefits of
speed and power training in youth (59). Resisted sprinting (RS) towing weighted sleds is
a training method often used by speed and strength coaches because its technical and
mechanical demands are similar to unresisted sprinting (191). It is believed that RS
improves an athlete’s ability to apply propulsive forces more effectively and leads to
adaptations in sprint acceleration ability (112). This specific sprint training method has
been shown to be particularly beneficial for midpubescent and postpubescent youth (20,

204, 215). For example, six to weeks of RS training using loads ranging from 2.5 to 20%
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Table 6.1: Subject characteristics (mean £ SD).

Resisted Sprint Training in Youth

Parameters All Subjects CON Group FRS Group BRS Group
(n =115) (n=35) (n=234) (n = 46)
Age (y) 14.3+0.49 14.4 +0.52 14.0 £ 0.27 14.4+0.51
Height (cm) 168.9+8.9 168.6 + 10.1 170.2+7.9 168.4 + 8.8
Body mass (kg) 58.4+11.1 56.3+9.9 58.7 +10.8 59.5+12.2
Maturity offset (y) 0.53+0.92 0.53+1.0 0.47 £0.90 0.58 £0.86

CON = control group, BRS = backward resisted sprinting group, FRS = forward resisted
sprinting group.

Equation 6.1.

Maturity offset = -9.236 + 0.0002708 x leg length and sitting height interaction —

0.001663 x age and leg length interaction + 0.007216 x age and sitting height interaction
+0.02292 x weight by height ratio

6.2.3 Procedures

Testing sessions at baseline and post-training were conducted under the same
experimental conditions i.e., on the same indoor gymnasium wooden sprung floor, at the
same time of day, by the same testers, using the same randomised testing order. In
addition, subjects wore the same school-issued clothing and personal footwear for each
testing and training session, were advised to refrain from any strenuous activity in the 12
hours prior to each session and told not to make any changes in their normal dietary intake
for the duration of the study. To habituate themselves with the experimental procedures
and training protocols, all subjects took part in 2 familiarisation sessions 2 weeks before

baseline testing at the end of the preceding school term.

At the beginning of the pre-training test session, subjects’ anthropometric measurements
I.e., height, seated height, and BM were determined. Following the collection of
anthropometric data, participants performed a 10 minute standardised warm-up
consisting of a combination of skips, jumps, FR, BR, and sideways runs progressively

increasing in intensity over 20 m, interspersed with lower limb dynamic stretching. Pre-
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placed in their original position between attempts to allow for multiple trials to be
recorded. Jumping performance using the Vertec system similar to this study has been

reported reliable in youth male athletes (CV = 4.24%) (238).

Lower limb compliance was assessed by calculating leg stiffness (kn) through a field
based submaximal hopping test, which has been identified as a valid and reliable (CV =
4.3-7.5%) method in youth athletes (127, 238). Subjects performed 20 consecutive
bilateral hops on a portable contact mat with their hands on their hip (Fitness Technology,
Australia). Subjects were instructed to minimise foot-ground contact time and keep in
rhythm with a designated audio frequency of 2.5 Hz produced through an electronic
metronome. The first and last five hops were excluded and the middle ten consecutive
hops were used for analysis. Using BM, and flight and contact times during submaximal
hopping, vertical ground reaction force was modelled to provide an estimate of absolute

leg stiffness using equation 2 (48).

Equation 2.

Kn = (%)/1000,

c\ 4

Where Ky is leg stiffness (N m™), M is body mass (kg), Tt is flight time (s) and T is

ground contact time.

6.2.4 Running Training Programme

The training programmes consisted of 8-weeks of biweekly progressively overloaded RS
towing weighted sleds either forward or backward for a total of 16 sessions during the
athletes’ competitive winter sports season. This duration was selected to show how a RS
programme can be applied and monitored over a typical high-school term. The RS

intervention was conducted in place of the athletes’ normal PE curriculum and was
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implemented on non-consecutive days. The same standardised warm-up routine used
during the testing sessions was performed before each training session. Custom made
sleds weighing 8 kilograms in conjunction with waist harnesses from XLR8 (Speed
Power Stability Systems Ltd, Christchurch, New Zealand) and weightlifting plates were
used to provide the training stimulus during RS training. The RS programme used six to
nine sprints over 15-m, separated by three to five minutes, with undulated progressive
overload to increase the training stimulus from 20 to 55% BM. The training programme

progression can be observed in Table 6.2.

Table 6.2. Eight-week resisted sprinting programme for BRS and FRS groups.

_ Load Distance Distange Weekly

Week  Session (% BM) Reps (m) per Session Distance
20 6 15 (gg)) o
' x 30 6 15 90 180
R T T - A
S
T
S
S T
[ S S e
- T N .

BRS = backward resisted sprinting group; FRS = forward resisted sprinting group; BM =
body mass.

Because towing weighted sleds adds an additional component of risk as a result of being
a relatively novel task and absence of visual guidance, particular attention was dedicated
to performing BRS with appropriate technique. See Figure 1 for the technical components
used for the BRS for this study. To ensure both groups received similar training stimuli,

the FRS group also received specific coaching instructions where they were encouraged
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to (a) “drive their arms”, (b) “punch their knees through”, and (C) “push maximally during

each step”.

Running direction >

1. Slight lean of the chest forward

2. Push explosively thorough the
ball of the foot

3. Use similar arm action to FRS

4. High heel recovery

5. Actively extend and pull the
swing leg through into ground
contact

Figure 6.1. Technical cues emphasised for the BRS group. FRS = forward resisted
sprinting; swing leg = the leg not in contact with the ground.

6.2.5 Statistical Analyses

The statistical analyses were performed using Microsoft Excel (version 15.28; Microsoft,
Seattle, WA, USA) and SPSS 24.0 for MAC OS (SPSS, Inc, Chicago, IL, USA). The data
were explored using histogram plots and distribution estimation, and normality of the
distribution for all variables was tested using Kolmogrorov-Smirnov test in order to
determine any obvious effects and estimate the distribution of the data. Homogeneity of
variance was tested using the Levene’s test. Taking a frequentist approach training-
related effects within and between groups on pre- and post-test performances were
assessed using a 2-factor mixed design analysis of variance (ANOVA). If a significant F
value was observed Bonferroni post-hoc comparisons were applied to locate pairwise

differences between groups. To quantify the magnitude of the performance change in
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each group’s performance tests within-group percentage change and effect sizes were
calculated. Effect sizes (ES = mean change/pooled standard deviation of the sample
scores) were calculated to quantify the extent of the performance changes from pre- to
post-testing within- and between-groups (39). Effect sizes (ES) of >1.2, >0.6 to <1.2,
>0.2 to <0.60, and <0.20 were classified as large, moderate, small, and trivial,
respectively (39, 102). Alpha was set at p < 0.05 and 95% confidence intervals (CI) were
used for all analyses. Taking a Bayesian approach, mean parameter estimates were
quantified to determine the average relative change from pre-test to post-test for the
performance variables (post-test — pre-test/pre-test). Given all performance variables
were symmetric around their median, a Gaussian distribution was chosen to model
relative changes on performance rate (149). Using the Jeffery’s prior on the parameter
estimates, posterior probability of performance improvements for each group along with
their 95% credible intervals was computed using the Markov Chain Monte Carlo method

(74, 149).

6.3 Results

No injuries were reported as part of the training programme. Within-group changes from
pre- to post-training and between-group differences in the performance testing data for
the BRS, FRS and CON groups are presented in Table 6.3. Significant main effects (p <
0.05) for time were found for all performance variables. The within-group analysis
revealed that BRS elicited significant changes (p < 0.01) in sprint times at all distances,
CMJ height, and Kn (-2.4 to 26.3%; ES = -0.22 to 0.79). Significant differences (p <
0.05) were reported after FRS for 10-20 m and 20 m sprint times, CMJ height, and Kn (-
0.90 to 19.3%, ES = -0.13 to 0.90). No significant improvements were reported in the

CON group for any performance test.
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change for each group. BRS = backward resisted sprinting group; FRS = forward resisted
sprinting group; CON = control group.
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Table 6.4. Posterior probability of improving sprinting, jumping, and stiffness
performance for each group.

Performance variable Group Probability
(95% credible intervals)
10m CON 0.65 (0.51, 0.78)
BRS 0.73 (0.61, 0.82)
FRS 0.56 (0.42, 0.68)
10-20 m CON 0.55 (0.41, 0.69)
BRS 0.66 (0.55, 0.77)
FRS 0.60 (0.47,0.73)
20 m CON 0.63 (0.48, 0.76)
BRS 0.68 (0.56, 0.78)
FRS 0.59 (0.45, 0.72)
CMJ CON 0.55 (0.42, 0.68)
BRS 0.75 (0.65, 0.84)
FRS 0.79 (0.67, 0.89)
Stiffness CON 0.61 (0.48, 0.73)
BRS 0.80 (0.69, 0.88)
FRS 0.81 (0.68, 0.90)

CMJ = countermovement jump; CON = control group; FRS = forward resisted sprinting;
BRS = backward resisted sprinting.

6.4 Discussion

This research was the first to explore the chronic training adaptations associated with
BRS vs. FRS on proxies of speed, jumping performance, and leg compliance capabilities
in male youth. The main findings of this study were that sprinting performance improved
the most after BRS, BRS and FRS resulted in similar improvements in CMJ height and
Ky, and the training effects of BRS and FRS did not significantly differ for any
performance metric. Our hypotheses were partially reinforced in that BRS was found to
be effective for increasing CMJ height and Kn, although the postulate that FRS would be
the best method for improving sprint performance was not supported. These results are
important for researchers and practitioners given the dearth of published data on the

effects of BRS and relatively heavy (e.g. >20% BM) FRS in boys.

The BRS group showed the greatest improvements in sprint performance over all

distances (1.4% to 2.4%), albeit trivial to small compared with the FRS and CON groups.
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Youth CMJ height has been shown to improve following plyometric, strength, and
unresisted sprint training (128, 170, 238). To our knowledge, this is the first study in
youth to quantify the effects of RS, either forward or backward, on vertical jumping
ability. We found that CMJ height improved after BRS (110.8%; ES = 0.79) and FRS
(16.8%; ES = 0.45). The meaningfulness of these results for practitioners can be translated
from the posterior probabilities, which indicate that if the intervention was repeated with
a similar population, 75% and 79% of new athletes would expect to improve CMJ
performance after 8-weeks of BRS and FRS training, respectively. As CMJ height and
lower body strength qualities are known to have a strong relationship in youth (40), using
BRS and FRS could be a means to improve lower body strength capabilities. Furthermore,
the longer ground contact times associated with towing heavy sleds (42) may rely more
heavily on the contractile and parallel elastic elements and promote adaptations specific
to the CMJ task. However, as this study did not measure the musculotendinous
adaptations directly it is difficult to say if performance changes were a result of neural,

muscular, or tendinous modifications.

Leg stiffness has been proposed as a critical characteristic for achieving high sprinting
velocities in youth athletes (208). Herein, it was observed that BRS and FRS resulted in
126% (ES =0.79) and 119% (ES = 0.90) in leg stiffness, respectively, over the course of
8-weeks. Our findings differ from those of Rumpf et al. (204) who concluded that 6-
weeks of FRS with loads ranging from 2.5% to 10% significantly reduced relative leg
stiffness by 45% (ES = -2.2) in fourteen mid-PHV to post-PHV boys. It was postulated
that chronic kinematic adaptations of longer ground contact times associated with
increased sled loading (42) lead to greater vertical displacement (204) and, subsequently,
a more compliant lower limb. However, with the use of relatively greater loads (i.e., 20-

55%), our findings indicate that ~80% of new athletes are expected to decrease limb
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compliance by developing stiffer, more reactive, lower body capabilities after BRS and
FRS. It should be noted that making direct comparisons between studies is problematic
because leg stiffness was measured using a hopping test in this study, whereas Rumpf et
al. (204) calculated stiffness using a non motorised treadmill. Although quantifying leg
stiffness on a non motorised treadmill allows for the measurement during the actual
performance task (i.e., sprinting), the speeds that were achieved by the boys in the study
by Rumpf et al. (204) were slower than typical speeds reached during overground
sprinting (238). Performance appears to be influenced by youth athletes’ ability to
overcome the resistance of a non motorised treadmill (206, 207), in which case Rumpf et
al. (204) was measuring stiffness in a slower stretch-shortening cycle movement.
Therefore, further research using the same leg stiffness calculation methods is required
to understand the chronic influence of BRS and FRS on lower-limb compliance in boys

mid-PHV and post-PHV.

In regards to loading intensity, for adults, it has been suggested that loads < 20% BM
should be used to reduce disruptions in natural sprinting technique (5), loads > 20%
should be used to improve acceleration (191), and loads between ~20 and ~80% should
be used to maximise power output (45, 166). On the other hand, minimal loading with
sensible upper limits of 10% BM have been recommended for youth (184). Although
suggestions have been made to limit RS loads to 10%, it has been shown that training
with loads up to 20% results in improved force capabilities and sprinting performance in
boys (215). In addition, findings from this research demonstrate that towing weighted
sleds ranging from 20 to 55% BM can safely be used to overload BRS and FRS, minimise
negative adaptations, and cause meaningful changes in a variety of athletic tasks in mid-
PHV to post-PHV boys. If RS, either forward or backward, is used as a resistance exercise

rather than a technique exercise, then resistance training guidelines, which state that youth
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benefit most from working at higher loads (i.e., 80-89% of 1 RM) (121), should be

considered when loading RS.

The results of this study demonstrate that BRS training is most beneficial in improving
athletic performance in youth boys. Although previous studies using FRS training
programmes have reported improvements in sprinting performance using loads < 20%
BM (20, 204, 215), the aim of this study was to evaluate the effects of using loads > 20%
BM and compare them with a novel training stimulus (i.e., BRS). The findings that BRS
improved forward sprint performance and that relatively heavy FRS improved vertically
oriented tasks (i.e., CMJ height and leg stiffness) indicate a transfer effect for specific
sprint training methods exists. Furthermore, the dynamic leg extension action
characterised by BRS may help facilitate neurological and structural adaptations to the
knee extensors and subsequently develop both contractile and elastic elements of muscle-
tendon units. However, the true nature of the musculotendinous adaptations resulting
from chronic BRS and FRS training is unknown. Therefore, investigations using different
jump testing strategies (e.g., squat jump versus CMJ vs. drop jump) and ultrasound
scanning technologies are required to understand the muscle mechanical and structural

responses to BRS and FRS training in youth populations.

6.5 Practical Applications

Progressively overloading BRS and FRS using relatively heavy loads up to 55% BM are
recommended as safe and effective training methods for improving performance in a
variety of athletic tasks in pubescent and post-pubescent boys. Anyone interested in using
RS as a method to enhance athletic performance in youth athletes should consider the

following points:
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CHAPTER 7. BACKWARD RUNNING; THE WHY AND HOW TO
PROGRAMME FOR BETTER ATHLETICISM

7.0 Prelude

In the preceding chapters, a review of the literature was presented, methods for
prescribing unresisted and resisted FR and BR were established, and the effectiveness of
unresisted and resisted BR training on athletic measures of sprinting, jumping, leg
stiffness were determined. Evident from the review and training studies, BR is a method
that may be incorporated into athletes’ training programmes to improve components of
athleticism. These findings provide snapshots of the adaptations a novel training method
such as BR may provide, yet guiding principles for how to integrate BR into wider
strength and conditioning programmes is still required. Therefore, the purpose of this
chapter was to provide programming considerations on why and how to integrate BR to
improve athleticism. Documenting the benefits of BR and providing programming
consideration will help speed and strength coaches design and facilitate BR in a safe and

progressively overloaded fashion for youth and adult athletes alike.

This chapter comprises of the following paper:
Uthoff, A., Oliver., J., Cronin, J., Winwood, P., Harrison, C. (Accepted on January 29"

2019). Backward running; the why and how to program for better athleticism. Strength
and Conditioning Journal.
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A recent review examining the acute and trained responses to BR found that running in
reverse had a unique energetic and biomechanical profile useful for enhancing a range of
athletic performance measures from running economy to change of direction ability
(235). Given the recent developments in literature pertaining to the use of BR for athletic
enhancement in both youth and adult populations (230, 235, 237, 238), this chapter aims
to examine why BR has made a resurgence in the literature and provides practical

recommendations for how to integrate BR into athlete training programmes.

7.2 The Why: The Role of Backward Running in Sports and Training

Backward running is a form of locomotion which, like FR, is utilised by athletes in most
overground sports (14, 164). Running itself is defined as a form of gait which is
characterised by a single support phase and double flight phase (28). While both
directions of locomotion are thought to be generated by the same neural pathways (100),
BR is unique in that visual feedback is altered and greater demands are placed on
alternative sensory systems to maintain positional awareness (100, 148). The ability to
run backwards with an altered visual orientation may give athletes a tactical advantage.
For example, being able to run backward at high speeds while maintaining a view of the
ball or opposition will allow athletes to make more informed decisions (9). This is
particularly important when you consider rugby league players BR an average of 3.6-5.4
m after each tackle (218), BR comprises of 3.4% of total distance covered by professional
handball athletes during competition (160) and that elite soccer players cover 3-4% of the

entire match distance running backward (164).

Outside of game play, BR is commonly included in injury prevention and rehabilitation
programmes (77, 94, 114). Backward running is also part of many warm-up protocols
which prepare the body for specific movements encountered during the sport and enhance

athletic performance (185, 203, 220, 254). Additionally, BR has been used as a training
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tool by coaches to increase qualities of aerobic and anaerobic fitness (186, 229), vertical
jump height (238), change of direction performance (227, 230), and sprinting speed (238).
It is important that strength and conditioning professionals understand the body’s
immediate response to BR and the efficacy of training using this modality so they can

better integrate BR in their practice.

7.2.1 Acute Responses to Backward Running

The immediate physiological or biomechanical adaptations to a stimulus provide a
snapshot of the potential long-term effects of an exercise. A number of researchers have
studied the energetic, kinematic, and kinetic responses to BR, and compared these to FR.
Table 7.1 provides an overview of the acute responses of BR versus FR at similar relative

intensities (i.e., BR at ~70% of FR speed).

As identified in Table 7.1, researchers have shown that, at the same relative, or matched,
intensity (e.g., maximal velocity or BR at 70% of FR velocity), BR is characterised by
greater energetic expenditure (55, 63, 251), lower running speed (9, 237) and overall
joint ROM (9, 64), unique step kinematic interactions (41, 64, 243), decreased lower limb
compliance (29, 30), reliance on isometric and concentric muscle actions (29, 30) greater
leg muscle activation (64, 222) reduced knee joint stress (65, 201), modified ratios of
braking and propulsive forces (29, 30) and greater rates of force development (251)
compared with FR. The unique physiological and biomechanical responses to BR indicate
that it may provide a different training stimulus to FR, which may serve to reduce injury
risk, enhance metabolic functions, and improve muscular capabilities. Furthermore,
including BR into a programme while following the principles of variability, specificity

and overload may serve as a conjugate method to combat training monotony.
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Early stance Mid-stance Late stance Double flight

Figure 7.2. Gait cycle of backward running and forward running.
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Table 7.1. Comparison of acute characteristics of forward versus backward running

at matched relative running speeds

Variable Study BR in relation to FR
Cardiopulmonary

Oxygen consumption (3, 63, 251) 1
Heart rate (3,63) 1
Blood lactate (3, 63) 1
Kinematics

Velocity (9, 237) !
Ankle ROM (55) !
Knee ROM (55, 65) !
Hip ROM (55) !
Stride frequency (9, 55, 243) 0
Stride length (9, 243) !
Contact time (243) 1
Flight time (243) !
Ia_(?t\i,i//?try“mb muscle (64, 251) T
Eccentric muscle action (29, 30) !
Isometric muscle action (29, 30) 1
Concentric muscle action | (29, 30) 1
Kinetics

Vertical leg stiffness (29) 0
Knee joint force (65, 201) !
Vertical GRF (243) !
Braking/propulsive force (29, 30) A
Braking/Propulsive time (29, 30) A
Rate of force development | (251) 0

BR = backward running; FR = forward running
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4-weeks, running distance is increased by five metres for each run, which leads to an
increase in total session volume for weeks 5 - 8. To ensure the acute expression of
muscular power is maintained, fast repetitions (+90% max effort) should include rest
intervals of three to five minutes (51). Understanding how BR can be progressed using
volume manipulation is useful to strength and conditioning professionals and provides a

foundation for adding external load to BR in the form of resisted runs.

7.3.3 Phase 3: Progressive Backward Running Using Resistance

Once an athlete has undergone training phases progressing BR speed and volume,
external load can be added in the form of resisted sled towing. Resisted sled towing is a
form of unilateral strength training (130) which adheres to the principle of specificity to
improve sprinting performance and lower body power (45, 191). Inclusion of unilateral
movements is essential given that when athletes perform linear running or change of
direction movements, they will predominantly be in a single-leg support during the action
(221). Furthermore, variable unilateral multidirectional movements have been shown to
improve change of direction ability and multidirectional jumping ability compared to
traditional bilateral exercises (81).Therefore, integrating backward sled towing into an
athlete’s training programme is recommended as a means to aid metabolic and

neuromuscular functioning (195, 242).

The programme in Table 7.5 demonstrates how an 8-week resisted BR programme can
be structured during the transition from a specific preparatory phase into a pre-
competition phase with an emphasis on developing strength-speed for accelerated
sprinting. The programme follows the recommendations that resisted sprint training
focused on acceleration performance should be conducted 2 — 3 times per week for >6
weeks with loads >20% body mass (191). As resisted sprinting maximal expression of

muscular power, interset rest of three to five minutes is recommended to ensure maximal
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Table 7.5. Sample off-season resisted backward running programme.

Training phase Specific preparation Pre competition

Speed emphasis Strength speed

Progression emphasis | Load relative to body mass

Week 1 2 3 4 5 6 7 8
Session 1 2 3 4 5 6 7 8 9 10 1 2 3 4 15 16
Repetitions 6 6 7 7 8 8 9 9 6 6 7 7 8 8 9 9
Load 20% | 30% | 25% | 35% | 30% | 40% | 35% | 5% | 30% | 40% | 35% | 45% | 40% | 50% | 45% | 55%
Distance (m) 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15
?rf]jtance persession | g5 | 90 | 105 | 105 | 120 | 120 | 135 | 135 | 90 | 90 | 105 | 105 | 120 | 120 | 135 | 135
Weekly distance (m) 180 210 240 270 180 210 240 270
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8. Six to eight weeks of BR training leads to increased adaptations in maximum
voluntary isometric contractions and isokinetic muscular torque production
capabilities of the leg extensors in trained populations.

9. Six weeks of BR training is useful for maintaining linear sprint performance and
vertical jumping ability, yet increases change of direction performance in both

untrained and trained populations.

From the review, it was concluded that the acute and trained response to BR are not the
same as FR. While sports scientists have previously shown relatively little interest in
developing BR training strategies that could improve athletic performance, this
culmination of literature offered the first overarching review of BR and provided insight

into the potential training related adaptations of BR.

8.1.2 Aim 2: Investigate athletes’ ability to consistently achieve prescribed running

intensities during overground unresisted backward and forward running.

Speed and strength coaches commonly prescribe target running intensities (e.g. ~50%,
~75% and +95% of maximum effort), during warm-ups, in training, or for rehabilitation;
however, there was limited scientific data suggesting that athletes are capable of reliably
self-selecting running speeds to achieve these target intensities forwards, and no research
on these capabilities during BR. Therefore, the purpose of this study was to determine the
ability of 34 high-school athletes to perform BR and FR at prescribed target intensities
consistently over 0-20 m across multiple sessions, and compare these velocities between

running directions. Major findings included:

1. The change in mean velocity between consecutive trials was smaller between the 2"
and 3" session (-2.0 to 0.22%) compared to the 1% and 2" session (-3.3% to 5.3%)

for both BR and FR at all prescribed intensities.
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2. Absolute consistency was better between the 2" and 3™ session (CV = 0.99% to 3.6%
and 1.0% and 4.2%) compared to the 1%t and 2" session (CV = 2.7% to 8.9% and
2.5% to 11.0%) for BR and FR, respectively.

3. Absolute consistency was found to be the best over the fastest intensity for both
running directions.

4. For sessions 2 and 3, relative consistency during BR and FR was higher (ICC = 0.92
to 0.99 and 0.89 to 0.95, respectively) than that between session 1 and 2 (ICC = 0.67
t0 0.91 and 0.52 to 0.62, respectively).

5. The fastest prescribed intensity was found to have the highest relative consistency
for both BR and FR.

6. Running speed during BR was observed to be between 72% and 74% of FR speed

across all prescribed intensities.

It would seem although a learning effect was apparent given the systematic changes in
the mean between the first two trials, athletes were able to self-select BR and FR velocity
consistently between the 2" and 3 trials. These findings provided coaches with the first
insights into the ability of athletes to self-select speed consistently to achieve prescribed
target running intensities both backwards and forwards. Self-selecting running speed
using autoregulation strategies could prove to be an effective strategy for overloading

running intensity during training.

8.1.3 Aim 3: Explore the load-velocity relationships during resisted backward running

and forward running and determine the consistency of running performance.

Understanding load-velocity relationships can be used to determine optimal loading
prescription during resisted sprinting to produce the desired training effects. However,
the load-velocity relationships of resisted BR and FR had not been studied, and the

consistency of these performances had yet to be established. Therefore, the purpose of
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to greater adaptations than might be projected due to natural development during boys’
adolescent growth spurt. However, the preferential adaptations to sprint acceleration and
CMJ performance seen herein may be attributed to the findings that anterior leg muscle
activity can be up to 189.6% greater (223) and lower limb muscles may spend up to 4%
more time in a concentrically contracted state over the stride cycle during BR compared
to FR (179), consequently resulting in more total work being performed and theoretically
improving leg strength and power. Coaches may use this information to better understand
how running speed and volume can be progressed effectively to moderate training

responses to unresisted BR and FR.

8.1.5 Aim 5: Examine and compare the training effects of resisted BR and resisted FR

programmes on speed, jumping, and stiffness performance in high-school athletes.

Resisted sprinting is a common training method used to increase sprinting ability in
athletes. However, only loads up to 20% BM had been empirically explored in athletes
under 18 years of age, and no research had investigated the effectiveness of resisted BR
training. Therefore, the purpose of this training study was to examine and compare the
training effects of resisted BR and resisted FR programmes with loads ranging from 20-
55% BM on speed, jumping, and stiffness performance in 115 male high-school athletes.

The main findings of this research were as follows:

1. Eight weeks of resisted BR led to the greatest improvements in forward sprinting
performance (p <0.01; 11.4 to 2.4%).

2. Athletes who performed FRS did not improve sprint ability (10.65 to 1.2%) over the
CON group athletes (p > 0.05) who participated in their normal PE class (10.50 to
1.1%).

3. The likelihood of a new athlete improving sprinting performance was the highest for

resisted BR (66-73%).
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Resisted BR training was moderately effective for increasing CMJ ability (p <0.001;
110.8%).

Moderate improvements in CMJ performance (p < 0.001; 6.8%) were found
following resisted FR.

Following resisted BR training, vertical stiffness was found to improve (p < 0.001)
by 26.3% with moderate effectiveness.

Resisted FR training was observed to have a moderate effect on vertical stiffness,
with improvements of 119.3% (p < 0.001).

Regardless of running direction, resisted sprinting was more effective (p <0.05) than
traditional PE curriculum for increasing jumping and stiffness capabilities.

75-80% of new athletes are expected to improve jumping and stiffness performance
following resisted BR training.

The probability of a new athlete improving jumping and increasing stiffness
following resisted FR training is between 79-81%.

There were no statistically significant differences (p > 0.05) observed between the

training groups for any performance test.

This study provided practitioners with the first insights into the effectiveness of resisted

FR training on athletic tasks outside of linear sprinting, and provides the first empirical

understanding into the utility of resisted BR training for athletes of any age. The

improvements in 20 m performance following resisted BR and resisted FR were similar

and lower, respectively, compared to previous findings in resisted FR for 20 m (2.76%)

(215) and maximal velocity (5.76%) (204) performance in youth mid-PHV to post-PHV.

However, the 10.8% and 6.8% gains in CMJ height from resisted BR and resisted FR,

respectively, support that these resisted sprinting methods may be used to promote larger

responses than might be expected from annual natural development (i.e. 6.9%) (246). The
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increased CMJ ability following resisted BR and resisted FR in this study were similar to
what has been found following combined and plyometric training in youth of similar age
(61, 126, 169). Moreover, the improvements in stiffness resulting from resisted BR and
resisted FR were what might be expected to occur over longitudinal transitions between
different stages of maturation (208). While resisted sprinting in either direction may be
used to improve jumping and stiffness capabilities in athletes similar to other nonspecific
training methods the reversal of muscle functions occurring during resisted BR may lead
to particular adaptations to the anterior muscles of legs preferentially enhancing early
acceleration and vertical displacement capabilities. These findings are meaningful for
practitioners because they show that although resisted sprinting was designed for the
purpose of developing sprinting ability, it may also be a means used as a nonspecific
training method which enhances other athletic capabilities, such as jumping and stiffness.
Additionally, the quasi-isometric nature (64) and approximately 22% faster speed at
which the contractile elements of the muscle can develop force (251) during BR
compared to FR may lead strength coaches, sports scientists and clinicians to believe that

BR may be predominantly used to improve the functioning of contractile tissues

8.1.6 Aim 6: Provide programming considerations on why and how to integrate backward

running to improve athleticism.

Coaches are endlessly in the pursuit of training methods which enhance athletic
performance in a safe and effective manner. However, before novel exercises are
incorporated, it is necessary to understand the benefits of using such methods, and useful
to know how these methods fit into the greater athlete development programme.
Therefore, the purpose of this chapter was to examine why BR may be considered as a
method to improve components of athleticism and provide practical recommendations for
how to integrate BR into athlete training programmes. The main considerations from this

chapter are as follows:
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1. Since visual feedback is altered during BR, the use of alternative sensory systems is
increased to maintain positional awareness.

2. An athlete’s ability to run backward at high speeds may allow them to maintain view
of the playing field and provide them opportunities to make informed decisions
during competition.

3. Many warm-up protocols for both youth and adults include BR as part of a sport-
specific preparation to enhance performance and decrease the likelihood of injury.

4. When used as a training tool, BR can improve qualities of aerobic and anaerobic
fitness, vertical jump height, change of direction ability, and linear sprinting
performance in youth and adult athletes.

5. When introducing athletes to BR, it is important to use a sequence of progressions to
familiarise them with the movement at lower intensities before advancing to
maximum effort attempts.

6. Progressing running speed over several training session may be used to habituate
athletes to high speed running during the general preparatory phase.

7. Once athletes are used to high-speed BR, manipulating absolute and relative running
volume can be used to facilitate speed strength responses at either the end of a
general, or beginning of a specific, preparation phase.

8. Progressively overloading resisted BR may serve as a method to develop strength-
speed for accelerated sprinting when transitioning from a specific preparatory phase

into a precompetition phase.

This chapter highlighted why BR could benefit athletes and provided strength and
conditioning coaches with practical considerations for how to integrate BR into athlete

development programmes. Coaches are encouraged to use the information in this chapter
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and adapt BR to fit the competency of their athletes and promote the desired training

outcomes.

8.2 Practical Applications

Strength and conditioning practitioners are constantly looking for safe and effective
methods to enhance their athletes’ sprinting and jumping ability, but may be limited by
time or resources. This thesis was intended to provide strength and conditioning
practitioners or speed coaches who may not have access to advanced monitoring or
training equipment a simple, evidence-based, method for prescribing BR and FR training
to enhance athletic characteristics. Resulting from the findings in this body of work, the

following applications/recommendations are offered:

1. Relatively novice athletes can consistently self-select BR and FR velocities based
around commonly prescribed target running intensities in as few as two sessions.

2. Regardless of running direction, as running intensity increases, so does the
consistency of self-selected running velocity.

3. Using percentage of body mass or velocity decrement, resisted sprinting loads can
be accurately determined for both BR and FR in relatively novice athletes with the
load-velocity relationships being near perfect to perfect for the respective running
directions.

4. When determining resisted sprinting loads for high-school athletes using weighted
sleds on indoor hardwood courts, running velocity can be consistently expected to
decrease by ~10% when loads are increased by ~13% and ~15% body mass for BR
and FR, respectively.

5. Progressive high-speed BR is recommended as a safe and effective training method

for enhancing sprinting, jumping, and stiffness capabilities in high-school athletes.
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6. Progressively overloading resisted BR and resisted FR using relatively heavy loads
up to 55% BM is recommended as a safe and effective training method for male high-
school athletes.

7. Although resisted sprinting has been developed as a specific sprint training method,
adaptations from both resisted BR and resisted FR appear to have the greatest transfer
to vertically oriented athletic tasks.

8. Adaptations following unresisted and resisted BR training transfer to improvements
in forward sprinting ability.

9. If the goal of an athlete’s programme is to improve early sprint acceleration
capabilities, BR, whether unresisted or resisted, is recommended over FR.

10. Regardless of running direction, coaches should pay particular attention to running
technique and be cognisant that speed, volume, and external load may moderate
training responses to sprint specific training methods.

11. When integrating BR into an athlete’s training programme we recommend that
coaches progress it in order of running speed, absolute and relative volume, and

finally, by adding external resistance.

8.3 Limitations

It is important for the reader to be cognisant of the following limitations when interpreting

the results of this thesis.

1. The design of this thesis to understand loading considerations and training effects of
BR may be considered unique given that the mechanical determinants of BR are
vaguely understood in adults and unknown in adolescent populations. However, the
overt performance effects identified within this thesis provide a foundation for future

research to understand the underpinning mechanisms for these adaptations.
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2. The resisted sprinting load-velocity relationships established in Chapter 4 were only
concluded for hardwood surfaces, making the generalisation of these findings
challenging for surfaces with differing coefficients of frictions (e.g. grass, field turf,
synthetic track).

3. The control groups in the training studies (Chapter 5 and 6) were active controls,
matched for age and maturation, participating in their normal PE classes. Their
activity was not quantified and may have influenced the responses, or lack thereof,
observed in these groups. However, due to the active nature of young athletes, active
controls are commonly used when researching training effects in adolescent athletes
(158, 212, 250).

4. The training study durations were limited to 8-weeks and only two training sessions
a week due to term time, school and class constraints. Long-term training studies
may provide a more comprehensive understanding of the longitudinal training effects
of both BR and FR modalities. However, the training studies reflected how training
programmes could be implemented within the length of a typical school term. While
longer study durations would have been ideal, we only had one school term with
these athletes before they were enrolled in a new class. The length of these studies
are within the recommended guidelines for sprint specific training in youth (168,
209).

5. The studies in this thesis are de-limited to male athletes’ mid-PHV to post-PHV.
Generalising the findings of this research to females, less mature youth, or adults
should be done with caution. However, this thesis offers a snapshot of sex- and
maturity-specific responses to BR and FR, and provides detailed information on how

these methods may be utilised for this population.
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Participants were performing a variety of sports outside of school/training, which
were not quantified and may have had some influence on the responses observed in
this thesis.

Similar to other unresisted and RS training studies in youth, we only measured
performance directly pre-training and post-training (167, 204). Therefore, it is
unknown whether there is a supercompensatory effect, nor the nature of detraining,
following training cessation.

The methodological procedures of this thesis were, for the most part, only concerned
with the development of sprint acceleration and therefore only a small part of the
athletes’ sprint performance. While BR modalities seem to be particularly beneficial
in the acceleration phases over the first 10 m, analysis of other phases of sprint
performance, such as maximal velocity, might have resulted in different findings.
Improvements in athletic performance following BR training may have been a result
of neural and/or structural adaptations. However, this thesis did not measure the
musculotendinous responses directly, making it difficult to decipher if performance
changes were a result of neural, muscular, or tendinous transformations.

Although BR is primarily believed to be a contractile stimulus, this thesis did not
measure specific changes in isometric, concentric, and eccentric muscle strength.

Therefore, the contractile reliance posit is currently unexplained.

8.4 Future Research Directions

This thesis aimed to assist strength and conditioning professionals with understanding

whether BR training could be a tool for improving athletic performance and to determine

how to prescribe BR training to achieve their desired goals. Considering the findings and

limitations of this thesis, the following recommendations can be offered for future

research:
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1. Given the training effects, it is clear that the nature of BR results in beneficial
performance responses. However, knowledge into the underlying determinants
responsible for promoting the observed training adaptations is currently scarce.
Acute studies using floor-level optical measurement systems or series of in-ground
force platforms would help sports scientists and strength and conditioning coaches
understand BR step variables over different phases, or under different loading
conditions. These insights may help shed light on why BR may be a useful method
for enhancing athletic potential.

2. The result of this project determined that BR modalities can improve sprint
acceleration capabilities and lower limb stiffness. While accelerated sprinting is
essential for many sports, and lower limb stiffness is a determinant of maximal
velocity sprinting, it is unknown whether adaptations to BR training transfer to
maximal velocity sprinting. Therefore, future research examining the effects of BR
on maximal velocity sprinting would enhance our understanding of BR as a forward
sprint training method.

3. Empirical training studies commonly include pre-training and post-training
performance measurements. However, only quantifying performances at these two
points may not consider the necessary time for adaptations to manifest due to
supercompensation, nor does it determine how long responses will last following
training cessation. Therefore, in order to improve exercise prescription and maximise
training responses to unresisted and resisted BR, we suggest that future research
should attempt to quantify periods of supercompensation and detraining.

4. Given that the improvements following BR and FR training in this thesis are almost
exclusively better than what might occur as a result of natural development,
longitudinal research is required to understand whether these adaptation rates may

exist over prolonged training periods.
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5. The benefits of BR training can be observed from performance tests, yet these
outcomes are insufficient at explaining the exact nature of the adaptations (e.g.
neural, muscular, or tendinous). Future research should adopt additional mechanistic
techniques such as electromyography, dual energy x-ray absorptiometry, and
ultrasound scanning technologies to understand neural and structural responses
associated with BR methods. This would provide scientists and coaches alike with
detailed insights into the exact nature of adaptations which may lead to improved
athletic performance.

6. Finally, BR is thought to be reliant on concentric muscle actions, yet was found to
improve sprinting, jumping, and stretch shorten cycle movements which also have a
large eccentric component to them. Therefore, future research should examine the
influence of BR modalities on isometric, concentric, and eccentric force production

around the lower limb joints.

8.5 Conclusion

This thesis provided original academic research into unresisted and resisted BR training
and its applications for improving athletic performances. Strength and speed coaches can
use the data presented in this thesis to understand why BR should be considered for
athletic training, how to prescribe and progressively overload different BR modalities,
and to guide athlete training programmes aimed at improving speed and power
development. Summarily, while future research is required to further elucidate the
effectiveness of BR as a method to promote athleticism, including BR as part of a
comprehensive athlete development programme may supply a novel stimulus which
fosters components of athletic performance, encourages training variability, and thwarts

burnout associated with the monotonies of traditional sprint training.
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Appendix 2. Within- and between-group ES and 95% CI for unresisted FR and BR training.

Table A.1. Within- and between-group ES and 95% CI for unresisted FR and BR training.

Appendices

Within-group change

Between-group change

(-0.63 to 0.50)

(0.00 to 1.43)

(-0.02 to 1.11)

(0.02 to 1.32)

(0.08 to 1.23)

Variable CON FRT BRT FRT-CON BRT-CON BRT-FRT
ES ES ES ES ES ES
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
10-m sprint 0.20 -1.25 -1.56 1.29 -1.59 -0.54
(-0.36 10 0.77) (-1.98 to -0.54) (-2.20 t0 -0.91) (-1.97 t0 -0.91) (-2.24 10 -0.94) (-1.17 t0 0.10)
10-20-m sprint 0.41 -0.29 -0.24 -0.45 -1.05 0.04
(-0.43 10 1.20) (-1.47 10 0.43) (-1.60 to 0.30) (-1.09 t0 0.18) (-1.66 to -0.44) (-0.58 to 0.66)
20-m sprint 0.36 -0.79 -1.04 -1.20 -1.38 -0.29
(-0.22 10 0.94) (-1.49t0 -0.10) (-1.64 t0 -0.43) (-1.88t0 -0.52) (-2.02 t0 -0.74) (-0.91 t0 0.34)
CMJ 0.30 0.25 0.83 -0.10 0.63 0.76
(-0.27 t0 0.86) (-0.44 t0 0.95) (0.2510 1.42) (-0.73 t0 0.53) (0.0510 1.21) (0.10 to 1.41)
Stiffness -0.07 0.71 0.54 0.67 0.65 -0.03

(-0.66 t0 0.59)

ES = effect size; ClI = confidence interval; CMJ = countermovement jump; CON = control; FRT = forward running training; BRT = backward running

training.
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Appendix 3. Within- and between-group ES and 95% CI for resisted FR and BR training.

Table A.2. Within- and between-group ES and 95% CI for resisted FR and BR training.

Appendices

Within-group change

Between-group change

Variable CON FRS BRS FRS-CON BRS-CON BRS-FRS
ES ES ES ES ES ES
(95% Cl) (95% Cl) (95% CI) (95% CI) (95% CI) (95% CI)
10-m sprint -0.09 -0.13 -0.49 0.09 -0.28 -0.36
(-0.60 t0 0.41) (-0.61 t0 0.35) (-0.91 to -0.08) (-0.40 to 0.58) (-0.74 10 0.10) (-0.81 to 0.09)
10-20-m sprint -0.10 -0.18 -0.22 -0.11 -0.15 -0.03
(-0.55 t0 0.46) (-0.56 t0 0.41) (-0.73 10 0.10) (-0.61 t0 0.38) (-0.61 t0 0.31) (-0.48 t0 0.41)
20-m sprint -0.18 -0.16 -0.39 -0.02 -0.24 -0.20
(-0.59 t0 0.41) (-0.64 t0 0.33) (-0.80 t0 0.02) (-0.51 t0 0.47) (-0.70 t0 0.22) (-0.65 t0 0.24)
CMJ 0.05 0.45 0.79 0.38 0.67 0.27
(-0.40 to 0.54) (-0.03 t0 0.93) (0.29 t0 1.13) (-0.10 to 0.86) (0.22 to 1.11) (-0.17 t0 0.72)
Stiffness 0.02 0.90 0.79 0.69 0.94 0.29
(-0.46 t0 0.51) (0.29 t0 1.27) (0.42 to 1.41) (0.19 10 0.78) (0.47 to 1.41) (-0.16 t0 0.74)

ES = effect size; Cl = confidence interval; CMJ = countermovement jump; CON = control; FRS = resisted forward running; BRS = resisted backward

running.
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As part of the ethics approval process, you are required to submit the following to AUTEC:

[ A brief annual progress report wusing form EA2, which is available online through
http://www.aut.ac.nz/researchethics. When necessary this form may also be used to request an extension of
the approval at least one month prior to its expiry on 25 October 2019;

| A brief report on the status of the project using form EA3, which is available online through
http://www.aut.ac.nz/researchethics. This report is to be submitted either when the approval expires on 25
October 2019 or on completion of the project.

It is a condition of approval that AUTEC is notified of any adverse events or if the research does not commence.
AUTEC approval needs to be sought for any alteration to the research, including any alteration of or addition to any
documents that are provided to participants. You are responsible for ensuring that research undertaken under this
approval occurs within the parameters outlined in the approved application.

AUTEC grants ethical approval only. If you require management approval from an institution or organisation for your
research, then you will need to obtain this.

To enable us to provide you with efficient service, please use the application number and study title in all
correspondence with us. If you have any enquiries about this application, or anything else, please do contact us at

ethics@aut.ac.nz.

All the very best with your research,

(Voo

Kate O’Connor
Executive Secretary
Auckland University of Technology Ethics Committee

Cc: Aaron Uthoff, uthoffaaron@gmail.com; paul.winwood@boppoly.ac.nz

155



Appendices
Appendix 5. Ethics Approval Forms for Chapters 5 and 6

AUTEC Secretariat

Auckland University of Technology

D-88, WU406 Level 4 WU Building City Campus
T: +64 9 921 9999 ext. 8316

E: ethics@aut.ac.nz
www.aut.ac.nz/researchethics

19 June 2017

John Cronin
Faculty of Health and Environmental Sciences

Dear John

Re Ethics Application: 17/110 The training effects of backward running on forward sprint-running performance
in adolescent athletes

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 19 June 2020.
Standard Conditions of Approval

1. A progress report is due annually on the anniversary of the approval date, using form EA2, which is available
online through http://www.aut.ac.nz/researchethics.

2. Afinal report is due at the expiration of the approval period, or, upon completion of project, using form EA3,
which is available online through http://www.aut.ac.nz/researchethics.

3. Any amendments to the project must be approved by AUTEC prior to being implemented. Amendments can
be requested using the EA2 form: http://www.aut.ac.nz/researchethics.

4. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of priority.

5. Any unforeseen events that might affect continued ethical acceptability of the project should also be
reported to the AUTEC Secretariat as a matter of priority.

Please quote the application number and title on all future correspondence related to this project.

AUTEC grants ethical approval only. If you require management approval for access for your research from another
institution or organisation then you are responsible for obtaining it. You are reminded that it is your responsibility to
ensure that the spelling and grammar of documents being provided to participants or external organisations is of a
high standard.

For any enquiries, please contact ethics@aut.ac.nz

Yours sincerely,

(Voo

Kate O’Connor
Executive Manager
Auckland University of Technology Ethics Committee

Cc: uthoffaaron@gmail.com; craig@athletedevelopment.org.nz; paul.winwood @boppoly.ac.nz
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Appendices

Appendix 6. Informed Consent, Parental/Guardian Consent, and Assent Forms for

Chapter 3

AU

Consent Form LTI T

0 TAMAKI MAKAU RAU

Project title: Movement variability associated with backward running
in adolescent athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

(o] | have read and understood the information provided about this research project in the Information Sheet
dated 24™, October, 2016.

(o] | have had an opportunity to ask guestions and to have them answered.

(o] | understand that | may withdraw myself or any information that | have provided for this project at any time
prior to completion of data collection, without being disadvantaged in any way.

O | am between the ages of 14 and 18 years

(o] | am not suffering from heart disease, high blood pressure, any respiratory condition (mild asthma excluded),
any illness or injury that impairs my physical performance.

> | agree to run forward and backward for multiple trials and have the times recorded

(o] | agree to take part in this research.

(o] | wish to receive a copy of my results and summary of findings from the research (please tick one):

YesO NoO
(o] 1 wish to have my running times accessible to my coach/teacher (please tick one): YesO NoO

Participant’s signature:  ..cceiveineneens T T T T B T T R

PartiCipant’s NAMIE: e st s s s s b b sea Rt en rnn e seanr s

Participant’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final approval
was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2 July 2015 page1of 3 This version was last edited inJuly 2015

157



Appendices

Appendix 6 (cont.). Informed Consent, Parental/Guardian Consent, and Assent Forms for

Chapter 3

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Parent/Guardian Consent Form

Project title: Movement variability associated with backward running in adolescent
athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

O | have read and understood the information provided about this research project in the Information Sheet
dated 24™, October, 2016.

O | have had an opportunity to ask questions and to have them answered.

O I confirm that my child/children is between the ages of 14 and 18 years

(o] 1 confirm that my child/children are not suffering heart disease, high blood pressure, any respiratory condition
(mild asthma excluded), any illness or injury that impairs their physical performance.

O | understand that | may withdraw my child/children and/or myself or any information that we have provided
for this project at any time prior to completion of data collection, without being disadvantaged in any way.

(o] If my child/children and/or | withdraw, | understand that all relevant information including tapes and
transcripts, or parts thereof, will be destroyed.

() | agree to my child/children taking part in this research.

o 1 wish to receive a copy of my child/children’s results and summary of findings from the research (please tick
one) YesO NoO

(0] 1 wish to have my child/children’s running times accessible to their coach/teacher (please tick one):

YesO No

Child/children’s name/s :

Parent/Guardian’s Signature:  ..occeeveevenee s

Parent/Guardian’s Name: .........ccceeeeeenne

Parent/Guardian’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final approval
was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2July 2015 page 2 of 3 This version was last edited inJuly 2015
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Appendices

Appendix 6 (cont.). Informed Consent, Parental/Guardian Consent, and Assent Forms for
Chapter 3

AT

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Assent Form

Project title: Movement variability associated with backward running in adolescent
athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

O | have read and understood the sheet telling me what will happen in this study and why it is important.

(e} | have been able to ask questions and to have them answered.

O | am between the ages of 14 and 18 years

(o] | understand that while the information is being collected, | can stop being part of this study whenever | want

and that it is perfectly ok for me to do this.

©) If | stop being part of the study, | understand that all information about me, including the recordings or any
part of them that include me, will be destroyed.

o] | agree to take part in this research.

o 1 wish to receive a copy of my results and summary of findings from the research (please tick one):

YesO NoO

Participant’s signature:  .....ccevvvieeneens

Participant's name: ..

Participant Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final approval
was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2July 2015 page 3 of 3 This version was last edited inJuly 2015
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Appendices

Appendix 7: Informed Consent and Assent Forms for Chapter 4

AU

Consent Form TR

0 TAMAKI MAKAU RAU

Project title: Movement variability associated with resisted backward
running in adolescent athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

(o] | have read and understood the information provided about this research project in the Information Sheet
dated 27™, September, 2017.

(e} I have had an opportunity to ask questions and to have them answered.

o I understand that | may withdraw myself or any information that | have provided for this project at any time
prior to completion of data collection, without being disadvantaged in any way.

(¢} I am between the ages of 16 and 18 years

(o] 1 am not suffering from heart disease, high blood pressure, any respiratory condition (mild asthma excluded),
any illness or injury that impairs my physical performance.

(o] | agree to run forward and backward for multiple trials and have the times recorded

(o] | agree to take part in this research.

(o] 1 wish to receive a copy of my results and summary of findings from the research (please tick one):

YesO NoO
(o] 1 wish to have my running times accessible to my coach/teacher (please tick one): YesO NoO

Participant'sBighatirel  saoasumecsrsm s s R s

Participant’s name: et nnens OO OO RTOTIOTOT

Participant’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final
approval was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2 July 2015 pagelof3 This version was last edited inJuly 2015
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Appendices

Appendix 7 (cont.): Informed Consent and Assent Forms for Chapter 4

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Parent/Guardian Consent Form

Project title: Movement variability associated with resisted backward running in
adolescent athletes

Project Supervisor: ~ Professor John Cronin

Researcher: Aaron Uthoff

O | have read and understood the information provided about this research project in the Information Sheet
dated 27, September, 2017.

©) I have had an opportunity to ask questions and to have them answered.

(o] | confirm that my child/children is/are between the ages of 12 and 18 years

O I confirm that my child/children is/are not suffering heart disease, high blood pressure, any respiratory
condition (mild asthma excluded), any illness or injury that impairs their physical performance.

0] 1 understand that | may withdraw my child/children and/or myself or any information that we have provided
for this project at any time prior to completion of data collection, without being disadvantaged in any way.

(o] If my child/children and/or | withdraw, | understand that all relevant information including tapes and
transcripts, or parts thereof, will be destroyed.

O | agree to my child/children taking part in this research.

O 1 wish to receive a copy of my child/children’s results and summary of findings from the research (please tick
one) YesO NoO

O | wish to have my child/children’s running times accessible to their coach/teacher (please tick one):

YesO NoO

Child/children’s NAME/S & v ettt ess st e s s sesss s s sb s s srsses s srassanen

Parent/Guardian’s signature:  ...ceeninenenen

Parent/Guardian’s name: ...............

Parent/Guardian’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final
approval was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2July 2015 page 2 of 3 This version was last edited inJuly 2015

161



Appendices

Appendix 7 (cont.): Informed Consent and Assent Forms for Chapter 4

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Assent Form

Project title: Movement variability associated with resisted backward running in
adolescent athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

o | have read and understood the sheet telling me what will happen in this study and why it is important.

o | have been able to ask questions and to have them answered.

O | am between the ages of 12 and 18 years

(0] | understand that while the information is being collected, | can stop being part of this study whenever | want

and that it is perfectly ok for me to do this.

O If I stop being part of the study, | understand that all information about me, including the recordings or any
part of them that include me, will be destroyed.

©) | agree to take part in this research.

(¢} 1 wish to receive a copy of my results and summary of findings from the research (please tick one):

YesO NoO

Participant’s signature:  .....cceeevnerinnne

Participant's name: ...

Participant Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final
approval was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2July 2015 page 3 of 3 This version was last edited inJuly 2015
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Appendices

Appendix 8: Informed Consent, Parental/Guardian Consent, and Assent Forms for
Chapter 5 and 6

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Consent Form

Project title: The training effects of backward running on forward
sprinting ability and other performance measures in
adolescent athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

O I have read and understood the information provided about this research project in the Information Sheet
dated 7", August, 2017.

O I have had an opportunity to ask questions and to have them answered.

(¢} | understand that taking part in this study is voluntary and I may withdraw myself or any information that I have
provided for this project at any time prior to completion of data collection, without being disadvantaged in any
way.

(o] I understand that if | withdraw from the study then | will be offered the choice between having any data

belonging to me removed or allowing it to continue to be used. However, once the findings have been
produced, removal of my data may not be possible.

(o] If Iwithdraw prior to completion of data collection, | understand that upon my request, all relevant information
including tapes and transcripts, or parts thereof, will be destroyed.

(o] I am between the ages of 16 and 18 years

(o] To the best of my knowledge, | am not suffering from heart disease, high blood pressure, any respiratory
condition (mild asthma excluded), any iliness or injury that impairs my physical performance.

(e} | agree to run forward and backward for multiple trials and have the times recorded

(¢} | agree to take part in this research.

(¢} 1 wish to receive a copy of my results and summary of findings from the research (please tick one):

YesO NoO
(o] | wish to have my running times accessible to my coach/teacher (please tick one): YesO NoO

Participant’s signature:

Participant’s name: R RS R S S S S S R KR

Participant’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final approval
was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2 July 2015 page1of 3 This version was last edited inJuly 2015
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Appendices

Appendix 8 (cont.): Informed Consent, Parental/Guardian Consent, and Assent Forms for
Chapter 5 and 6

AT

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Parent/Guardian Consent Form

Project title: The training effects of backward running on forward sprinting ability and
other performance measures in adolescent athletes

Project Supervisor:  Professor John Cronin

Researcher: Aaron Uthoff

O | have read and understood the information provided about this research project in the Information Sheet
dated 7th, August, 2017.

(e} | have had an opportunity to ask questions and to have them answered.

O | confirm that my child/children is/are between the ages of 12 and 16 years

(o] To the best of my knowledge, | confirm that my child/children is/are not suffering heart disease, high blood
pressure, any respiratory condition {mild asthma excluded), any illness or injury that impairs their physical
performance.

o] I understand that my child/children’s participation in this study is voluntary and | may withdraw my

child/children and/or myself or any information that we have provided for this project at any time prior to
completion of data collection, without being disadvantaged in any way.

O | understand that if I or my child/children withdraw from the study then I/they will be offered the choice
between having any data belonging to them removed or allowing it to continue to be used. However, once the
findings have been produced, removal of their data may not be possible.

@) If my child/children and/or | withdraw prior to completion of data collection, | understand that upon my
request, all relevant information including tapes and transcripts, or parts thereof, will be destroyed.

(e} | agree to my child/children taking part in this research.

(o] | wish to receive a copy of my child/children’s results and summary of findings from the research (please tick
one) YesO NoO

(9 | wish to have my child/children’s running times accessible to their coach/teacher (please tick one):

YesO NoO
Child/Ehildren s NAMIEYS' urussusisssssmussssssatssssssomsssssssssos s s s ST s A waeas

Parent/Guardian’s signature: ...

Parent/Guardian’s Name: .......ccuoceeeeeerens

Parent/Guardian’s Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final approval
was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

2July 2015 page 2 of 3 This version was last edited inJuly 2015
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Appendices

Appendix 8 (cont.): Informed Consent, Parental/Guardian Consent, and Assent Forms for

Chapter 5 and 6

Assent Form &@F

TE WANANGA ARONUI

0 TAMAKI MAKAU RAU

Project title: The training effects of backward running on forward sprinting ability and

other performance measures in adolescent athletes

Project Supervisor: Professor John Cronin

Researcher: Aaron Uthoff

o I have read and understood the sheet telling me what will happen in this study and why it is important.

o I have been able to ask questions and to have them answered.

O I am between the ages of 12 and 16 years

O To the best of my knowledge, | am not suffering from heart disease, high blood pressure, any respiratory
condition (mild asthma excluded), any iliness or injury that impairs my physical performance.

(o] | understand that while the information is being collected, | can stop being part of this study whenever | want
and that it is perfectly ok for me to do this.

(o] If | stop being part of the study, | understand that all information about me, including the recordings or any
part of them that include me, will be destroyed.

(o] | agree to take part in this research.

O 1 wish to receive a copy of my results and summary of findings from the research (please tick one):

YesO NoO

Participant’s SIgNAtUre:  .oveevveerre e

Participant’s NAmMe: e

Participant Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on type the date on which the final approval
was granted AUTEC Reference number type the AUTEC reference number

Note: The Participant should retain a copy of this form.

18 December 2018 page 1 of 3 This version was edited inJuly 2015
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Appendices
Appendix 9. Chapter 2 Abstract

Backward running (BR) is a form of locomotion which occurs in short bursts during many
overground field and court sports. It has also traditionally been used in clinical settings
as a method to rehabilitate lower body injuries. Comparisons between BR and forward
running (FR) have led to the discovery that both may be generated by the same neural
circuitry. Comparisons of the acute responses to FR reveal that BR is characterised by a
smaller ratio of braking to propulsive forces, increased step frequency, decreased step
length, increased muscle activity, and reliance on isometric and concentric muscle
actions. These biomechanical differences have been critical in informing recent scientific
explorations which have discovered that BR can be used as a method for reducing injury
and improving a variety of physical attributes deemed advantageous to sports
performance. This includes, improved lower body strength and power, decreased injury
prevalence, and improvements in change of direction performance following BR training.
The current findings from research help improve our understanding of BR biomechanics
and provide evidence which supports BR as a useful method to improve athlete
performance. However, further acute and longitudinal research is needed to better
understand the utility of BR in athletic performance programs.
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Appendices
Appendix 10. Chapter 3 Abstract

Target running intensities are commonly prescribed for enhancing sprint-running
performance and progressing injured athletes back into competition, yet little is known
about whether running speed can be achieved using autoregulation. This study aimed to
investigate the consistency of running intensities in adolescent athletes using
autoregulation to self-select velocity. Thirty-four healthy male athletes performed 20 m
forward and backward running trials at slow (40-55% maximum effort), moderate (60-
75% maximum effort) and fast intensities (+90% maximum effort) on three occasions.
Absolute and relative consistency was assessed using coefficient of variation (CV) and
intraclass correlation coefficients (ICC), respectively. Pairwise comparison of
consecutive trials revealed systematic changes from trials 1 to 2. However, trials 2 to 3
presented no systematic bias at were characterised by low typical percentage error (CV <
4.3%) and very good to excellent relative consistency (ICC > 0.87) for all running speeds
and directions. Despite forward running being significantly (p < 0.01) faster than
backward running at slow (26%), moderate (28%) and fast intensities (26%), consistency
was similar in both running directions and strongest at the fastest speeds. Following
appropriate familiarisation, it appears that youth athletes can use autoregulation to
accurately self-select prescribed target running intensities, forwards and backwards.

167



Appendices
Appendix 11. Chapter 4 Abstract

Load-velocity (Lv) relationships can be used to assist load prescription during resisted
sprinting (RS). However, the Lv relationships between RS forward (FRS) and RS
backward (BRS) and the consistency of these performances have yet to be established.
Twenty-one boys (age, 13.6 £ 0.28 y; height, 1.7 £ 0.09 m; mass, 66.1 + 8.2 kg; maturity,
0.57 £ 0.72 y from peak height velocity) performed FRS and BRS towing weighted sleds
on three occasions. Load-velocity relationships were established using an unresisted
sprint and RS with loads of 20, 30 and 40 kg (25-76% BM) in both directions, and the
consistency of sprint times at each load and the Lv regression slopes were examined.
From the regression lines (r? > 0.99; p < 0.01), it was observed that 31%, 46% and 61%
BM loads resulted in 23%, 33% and 43% decrease in velocity during FRS and 27%, 38%
and 48% during BRS. The Lv data was consistent across multiple testing occasions during
FRS (CV < 7.2%; ICC = 0.66 to 0.91) and BRS (CV < 7.2%; ICC = 0.67 to 0.91).
Increasing FRS and BRS load by ~15% and ~13% BM respectively, consistently results
in ~10% decreases in running velocity relative to unloaded velocities during both FRS
and BRS in youth athletes. Practitioners can be confident that FRS and BRS training will
result in the desired training adaptations when prescribing loads ranging from 25-76%
BM.
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Appendices
Appendix 12. Chapter 5 Abstract

This study compared the effects of two sprint-specific training programs against the
natural development of speed, jumping ability and stiffness in a group of adolescent male
athletes. Forty-three male adolescents (aged 13-15 years) were randomly assigned to one
of two training groups; backward running training (BRT = 26), or forward running
training (FRT =17). A physical education class (n=24) of similar age constituted a control
(CON) group. Both training groups performed running sessions matched for distance and
intensity biweekly for eight-weeks. Parametric and magnitude-based inferences were
used to analyze within group (pre-post measures) and between group (gain scores) for 10
m, 10- to 20 m and 20 m sprint times, vertical countermovement jump (CMJ) height and
vertical leg stiffness. Both running groups significantly improved (p < 0.05) in all
performance tests from pre- to post-training, with effect sizes ranging from -1.25 to 0.63.
When the groups were compared, the BRT and FRT groups improved significantly (p <
0.01) on all sprint performances and stiffness relative to the CON group. The BRT group
demonstrated favourable effects for 10 m and 20 m sprint performances (effect size [ES]
= -0.47 and -0.26, respectively) and CMJ height (ES = 0.51) compared with the FRT
group. These results demonstrate that forward and backward sprint-specific training
programs enhance speed and power measures more than natural development in
adolescent male athletes. Furthermore, the greater training responses in sprint
performance and CMJ ability indicate that BRT is a useful tool for improving concentric
strength and power and may be classified as a sprint-specific training method.
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Appendix 13. Chapter 6 Abstract

Resisted sprinting (RS) is a popular training method used to enhance sprinting
performance in youth. However, research has only explored the effects of forward RS
(FRS) training. We examined the effects of FRS and backward RS (BRS) and compared
these to a traditional physical education curriculum (CON). One-hundred and fifteen
males (age 13-15 years) were matched for maturity and allocated to either a FRS (n = 34),
BRS (n = 46), or CON (n = 35) group. Training groups towed progressively overloaded
sleds (20-55% bodymass) 2 d-wk for 8-weeks. Pre and post-training data was collected
for sprinting times over 10 and 20 m, countermovement jump (CMJ) height, and leg
stiffness (Kn). Performance remained unchanged for the CON group (all p>0.05), while
all variables significantly improved (p<0.05) following BRS and all but 10 m
performance improved following FRS. Compared to the CON, BRS and FRS
significantly (p>0.05) improved CMJ (ES = 0.67 and 0.38) and Kn (ES = 0.94 and 0.69),
respectively. No differences were found between training groups. The probabilities of
improving sprinting performance following BRS (~70%) were on average ~10% and ~8%
better than the FRS and CON groups, respectively. The BRS and FRS showed similar
probabilities of improving CMJ (75% and 79%) and Kn (80% and 81%), respectively,
over the CON group. It appears that BRS may be a means to improve sprint performance
and regardless of direction, RS seems to be a beneficial method for improving jumping
height and leg stiffness in youth male athletes.
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Appendices
Appendix 14. Chapter 7 Abstract

Backward running (BR) is a common locomotive technique used by most overground
athletes during both competition and training, yet there are limited empirically based
recommendations for using BR training for athletes. This article highlights the role of BR
in sports context, provides insights into why BR may benefit athletes and recommends
how to integrate BR into strength and conditioning programs. Informed guidance is
provided on the practical applications for athletes, which should help speed and strength
coaches design and facilitate BR in a safe and progressively overloaded fashion for youth
and adult athletes alike.
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The End

The End
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