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ABSTRACT

Barr, MJ, Sheppard, JM, Agar-Newman, DJ, and Newton, RU.
Transfer effect of strength and power training to the sprinting
kinematics of international rugby players. J Strength Cond Res
28(9): 2585-2596, 2014—Increasing lower-body strength is
often considered to be important for improving the sprinting
speed of rugby players. This concept was examined in a group
(n = 40) of international rugby players in a 2-part study. The
players were tested for body mass (BM), 1 repetition maximum
power clean (PC), and front squat, as well as triple broad jump
and broad jump. In addition, speed over 40 m was tested, with
timing gates recording the O- to 10-m and 30- to 40-m sections
to assess acceleration and maximal velocity. Two video cameras
recorded the 2 splits for later analysis of sprinting kinematics.
The players were divided into a fast group (n = 20) and a slow
group (n = 20) for both acceleration and maximal velocity. In the
second part of the study, a group (n = 15) of players were
tracked over a 1-year period to determine how changes in
strength corresponded with changes in sprinting kinematics.
The fast groups for both acceleration and maximal velocity
showed greater levels of strength (d = 0.5-1.8), lower ground
contact times (d = 0.8-2.1), and longer stride lengths (d = 0.5—
1.3). There was a moderate improvement over 1 year in PC/BM
(0.08 kg-kg™1, p = 0.008, d = 0.6), and this had a strong rela-
tionship with the change in maximal velocity stride length (r =
0.70). Acceleration stride length also had a large improvement
over 1 year (0.09 m, p = 0.003, d = 0.81). Although increasing
lower-body strength is likely important for increasing sprinting
speed of players with low training backgrounds, it may not have
the same effect with highly trained players.
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INTRODUCTION

peed is commonly considered to be a highly valu-

able ability in rugby union (11), and the selection of

different training methods to improve sprinting

speed is an important part of training rugby players
(12). Improving leg strength relative to body mass (BM) has
been suggested as a way of positively improving the sprinting
speed of athletes (9,12). A rationale for this is that decreasing
ground contact time, particularly at maximal velocity, is con-
sidered the most important kinematic change for improving
sprinting speed (39). An increase in force production must
occur if a decrease in ground contact time is to happen
(39). The vertical velocity of the center of gravity, which
has been reported (26) to change from —0.5 to 0.5 m-s™!
during the maximal velocity sprinting stride, requires high
force production. Decreasing ground contact time and main-
taining this change in vertical velocity would require a further
increase in the average force production (26,39). For example,
a 100-kg rugby player who shortens his ground contact time
from 0.12 to 0.10 seconds must hypothetically increase the
average vertical force during his stance phase from 1,814 N
(185 kg) to 1,981 N (202 kg) if he is to raise his center of
gravity 0.5 m-s~1 during each stride (26). If this player had
a typical maximal velocity stride length of 2.2 m and a flight
time of 0.12 seconds, and maintained these with the above
reduction in ground contact time, he would hypothetically
increase his maximal velocity from 9.2 to 10 m-s~1. A change
of this magnitude would be an improvement in an interna-
tional or professional rugby player’s speed from average to
exceptional (11,19). Selecting appropriate strength and power
exercises that help to increase the ability to develop force
relative to BM and decrease ground contact time have been
suggested to be a highly important aspect of training program
design for improving sprinting speed (26,37,39).

Ground contact times are much longer during initial and
mid-acceleration phases when compared with maximal
velocity (5). This indicates that they could be considered
different speed qualities (5). The differences in ground con-
tact times between speed qualities may also mean that dif-
ferent strength qualities (maximal strength, explosive
strength, reactive strength, etc.) may be more important at
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Transfer Effect of Strength Training to Sprinting

TasLe 1. Typical strength and speed exercises used during training.

Speed exercises
Flat sprints (10-60 m)
3° Uphill sprints (10-20 m)
Sled sprints (5—-15 m)
3° Downhill sprints (20—-40 m)
Change of direction drills

Strength, power, and plyometric exercises
Squats (back, front, split)
Presses (bench, military, push, incline)
Upper body pulls (chin-up, bent over row, pull-up)
Cleans (squat, power, split, pulls, from floor, from hang, from blocks)
Snatches (power, split, pulls, from floor, from hang, from blocks)
Jerks (power, split)

Weighted jumps (barbell, kettlebell, unilateral, bilateral)
Horizontal jumps (broad, mulitple broad, single leg bounds)
Eccentric load jumps (drop jumps, eccentric release jumps)

Assisted jumps

Back exercises (good morning, back extension)

Training volume
100-350 m per session total
Volume

Training volume

4-6 exercises per session
5-8 sets per exercise

1-8 repetetions per set
Sessions typically concluded with abdominal exercises and small muscle group
injury prevention type exercises for ankles, necks, rotator cuffs, etc

different phases of a sprint, based on the time available to
develop force (43). Previous studies that have examined
speed and strength quality relationships have found strong
correlations between sprinting speed and maximal
strength, explosive strength and reactive strength
(3,4,6,8,17,21,28,31,36,41). Eight of these studies timed an
acceleration component (~10 m), 7 timed a longer sprint

distance (~40 m), and only 3 measured a maximal sprint-
ing velocity. Only one of these studies measured stride
length and stride rate, with no study has examining the
relationship between ground contact time and lower-
body strength.

Training studies investigating programs, which incorporate
maximal strength or explosive strength training exercises

TasLe 2. Differences between the fast acceleration group and the slow acceleration group for anthropometric
measures, sprinting kinematics, and strength and power exercises.

Fast group (n = 20) Slow group (n = 20) p

Effect size (d) Magnitude

Anthropometric

Height (m) 1.84 = 0.07
Mass (kg) 93.2 = 8.9
Acceleration sprinting kinematics
Initial sprinting velocity (m-s~1) 5.88 = 0.13
Stride rates (strides per second) 4.27 + 0.23
Stride length (m) 1.25 + 0.08
Relative stride length (m-m~1) 0.68 = 0.06
Ground contact time (s 0.16 = 0.01
Flight time (s) 0.07 = 0.01
Strength and power
Front squat (kg) 138 = 15
Front squat/body mass (kg-kg~") 1.5 + 0.21
Power clean (kg) 121 = 11
Power clean/body mass (kg-kg~") 1.30 = 0.13
Broad jump (m) 2.68 + 0.12
Triple broad jump (m) 8.44 = 0.46

1.84 = 0.06 0.88 0.04 Trivial
103.8 £ 124 0.004 1.2 Large
548 = 0.17 <0.0001 3.4 Very large
416 = 0.23 0.15 0.5 Small
1.21 £ 0.10 0.16 0.5 Small
0.66 = 0.06 0.23 0.4 Small
0.17 = 0.02 0.0345 0.8 Moderate
0.07 = 0.01 0.2798 0.4 Small
138 = 15 0.97 0.01 Trivial
1.33 £ 0.15 0.005 0.8 Moderate
117 £ 9 0.24 0.3 Small
1.14 £ 0.13 0.0004 1.2 Large
2.46 £ 0.28 0.0007 1.7 Large
7.54 = 0.62 0.0001 1.7 Large
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TasLe 3. Differences between the fast maximal velocity group and the slow maximal velocity group for anthropometric
measures, sprinting kinematics, and strength and power exercises.

Fast group (n = 20) Slow group (n = 20) p

Effect size (d) Magnitude

Anthropometric
Height (m) 1.82 = 0.07
Mass (kg) 92.2 = 9.2

Maximal velocity sprinting kinematics
Maximal sprinting velocity (m-s~") 9.29 = 0.29

Stride rates (strides/s) 455 + 0.26
Stride length (m) 2.06 = 0.09
Relative stride length (m-m~1) 1.13 = 0.05
Ground contact time (s 0.10 = 0.01
Flight time (s) 0.12 = 0.01

Strength and power

Front squat (kg) 134 + 15
Front squat/body mass (kg-kg~") 1.46 = 0.2
Power clean (kg) 119 = 12
Power clean/body mass (kg-kg~") 1.30 = 0.13
Broad jump (m) 2.69 + 0.13
Triple broad jump (m) 8.44 = 0.58

1.86 = 0.06 0.12 0.5 Small
104.8 = 11.0 0.0004 1.4 Large
8.36 = 0.44 <0.0001 3.2 Very large
4.21 = 0.29 0.0005 1.3 Large
1.99 + 0.14 0.06 0.8 Moderate
1.07 = 0.06 0.0007 1.3 Large
0.12 = 0.02 0.0001 2.1 Very large
0.12 = 0.01 0.76 0.1 Trivial
141 £ 13 0.14 0.4 Small
1.36 = 0.19 0.11 0.5 Small
118 = 8 0.69 0.1 Trivial
1.14 = 0.13 0.0003 1.2 Large
2.45 £ 0.20 0.0001 1.8 Large
7.66 = 0.58 <0.0001 1.5 Large

have found improvements in the sprinting speeds of athletes
(10,15,18,27). Rimmer and Sleivert (33) noted an improve-
ment in sprinting speed, with a corresponding decrease in
ground contact time, after a program of plyometric training.
There is little other research, however, examining the rela-
tionships between changes in strength and sprinting kinemat-
ics. This study aimed to develop a greater understanding of
the relationship between changes in strength qualities and
changes in the sprinting kinematics of elite rugby players. It
is hypothesized that stronger and more powerful players will
display higher velocities, higher stride rates, longer stride
lengths, and lower ground contact times than their weaker
peers. It is expected that the relationship between strength
qualities and sprinting kinematics would be different between
acceleration and maximal velocity phases and between fast
and slow groups. Lastly, it is hypothesized that long-term
changes in strength qualities would correspond with im-
provements in sprinting kinematics as predicted by cross-
sectional data.

MEeTHODS

Experimental Approach to the Problem

To understand how the development of lower-body strength
qualities affects sprinting speed, the study was divided into 2
parts. The first part consisted of a causal-comparative cross-
sectional design, whereas the second part of the study was
a longitudinal quasi-experimental design. The first part of the
study consisted of examining the relationship between
sprinting kinematics and lower-body strength qualities in
a group of rugby players (2 = 40). The group was twice

divided into fast (#z = 20) and slow (7 = 20) groups based
on sprinting speed for both the 0- to 10-m and 30- to 40-m
segments. The second part of the study consisted of tracking
a group of elite (» = 15) rugby players over a year period to
determine if increasing leg strength qualities were associated
with an improvement in sprinting kinematics.

Subjects

In part 1, a group of players (» = 40) underwent a series of
assessments to characterize their sprinting ability and lower
limb muscle function characteristics. The players (height =
1.84 = 0.07 m, mass =98.5 = 11.9 kg, and 22.2 =+ 3.0 years)
who participated in the study were a mix of 21 senior
international rugby players, 14 under-20 national team
players, and 5 uncapped players belonging to a senior
national team academy. The national team that all of the
players were affiliated with is typically ranked 11th-15th
place on the International Rugby Board world rankings. All
of the players in the study, before the testing, had
a minimum of 50 strength training and 20 sprint training
sessions that were supervised by a strength and condition-
ing coach who gave them specific technical feedback. In
part 2, a smaller group of players (7 = 15) were measured at
the beginning and end of a 1-year period using the same
methods as part 1. All of the players in part 2 (1.84 = 0.05
m, 100.6 = 11.2 kg, and 24.1 * 3.4 years) played either
senior 15s or 7s national team rugby during the experimen-
tal period and had a history of at least 3 years of supervised
speed and strength training. All participants gave informed
written consent to take part in the study that had institu-
tional review board approval.
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Transfer Effect of Strength Training to Sprinting

TaBLE 4. Pearson’s correlations between acceleration sprinting kinematics, anthropometric measures and strength

and power measures.*

Front squat/body Power clean/body Broad Triple broad
Height Mass mass mass jump jump
Initial sprinting Group 0.14 —0.61 0.50 0.70 0.75 0.75
velocity

Slow 0.13 —0.54 0.21 0.68 0.73 0.72

Fast 0.18 —0.52 0.52 0.67 0.66 0.69

Stride rate Group —0.256 —0.42 0.50 0.51 0.32 0.36
Slow —0.35 —0.56 0.63 0.50 0.16 0.12

Fast —0.20 —0.12 0.34 0.43 0.40 0.51

Stride length Group —0.07 —0.32 0.20 0.29 0.44 0.43
Slow  0.14 —0.23 0.06 0.35 0.55 0.60

Fast —0.07 —0.35 0.27 0.36 0.49 0.47

Relative stride length Group —0.51 —0.56 0.40 0.44 0.36 0.38
Slow —0.28 —0.49 0.16 0.50 0.48 0.52

Fast —0.72 —0.61 0.51 0.32 0.07 0.10

Ground contact time Group 0.45 0.67 —0.50 —0.62 —0.44 —0.43
Slow 0.22 0.71 —0.47 —0.61 —0.30 —0.20

Fast 0.34 0.64 —0.46 —0.56 —0.37 —0.36

Flight time Group —0.19 —0.36 0.09 0.22 0.19 0.15
Slow 0.05 —0.29 —0.07 0.21 0.17 0.10

Fast —0.10 —0.39 0.12 0.25 0.19 0.14

*The top number is the correlation for the whole group (n = 40), the middle number is the acceleration-slow group (n = 20), and the

bottom number is the acceleration-fast group (n = 20).

Speed Assessment
Each of the players performed four 40-m sprints on artificial
field using a Brower system (Brower, Draper, UT, USA) with
timing gates placed on 1-m high tripods at 0, 10, 30, and 40 m.
The players began each sprint with their front foot beside
a cone 0.75 m behind the first gate. The 0- to 10-m split was
used to assess acceleration ability, and the 30- to 40-m split
was used to assess maximal velocity sprinting ability (5).
Before the testing period, the participants undertook
a 25-minute warm-up that included light running, dynamic
stretches, and three 40-m sprints that progressively increased
in intensity from 60% of maximal volitional effort to 95% of
maximal effort. After warm-up, the participants were given
a 4-minute break before they performed their first 40-m sprint
and 4-5 minutes of passive rest after each subsequent sprint.
The fastest 0- to 10-m split, the fastest 30- to 40-m split, and
all corresponding kinematics from those trials were kept for
analysis. The 0- to 10-m and 30- to 40-m splits were con-
verted into velocities by dividing the 10-m distance by the
time taken to complete it. The velocity from the 0- to 10-m
split was considered to be initial sprinting velocity (ISV), and
the 30- to 40-m split was considered to be maximal sprinting
velocity (MSV).

To characterize sprinting kinematics, each of the sprints was
filmed using 2 Nikon J1 video cameras recording at 400 frames
per second. Calibration markers were placed 0.5 m to either

2588  Jotirnal of Strength and Conditioning Research

side of the run at 0, 6, 30, and 36 m. The first camera recorded
the 0- to 6-m section and the second camera recorded the
30- to 36-m section. To assess the sprinting kinematics of each
player, stride rate (SR), stride length (SL), relative stride length
(RSL), ground contact time (GCT), and flight time (FT) were
calculated (26) with the aid of computer software (Kinovea). A
stride was considered to be the time from touchdown from one
leg to the last instant before touchdown of the other leg (26).
Stride length was determined by measuring the distance
between successive toe-off positions in each stride, with the
most anterior part of the foot at toe off used as a marker for
measuring stride length. Relative stride length was calculated by
dividing stride length by the height of the athlete. Ground
contact times were calculated by counting the number of frames
(0.0025 seconds per frames) between touchdown and toe off.
Flight time was determined by counting the number of frames
between toe off and touchdown. Stride rate was determined by
dividing one stride by the time taken to complete it (1/ground
contact time + flight time). Typical error of measurement
(TEM) and interclass correlations (ICC) were previously calcu-
lated with pilot data from 2 individuals experienced analyzing
sprinting biomechanics to determine inter-rater reliability.
Strong inter-rater reliability for these kinematic assessment
methods were found for stride length (ICC = 0.99, TEM =
0.017 m), ground contact time (ICC = 0.95, TEM = 0.005
seconds), and flight time (ICC = 0.84, TEM = 0.003 seconds).
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TaBLE 5. Pearson’s correlations between maximal velocity sprinting kinematics, anthropometric measures, and
strength and power measures.*

Front squat/body Power clean/body Broad Triple broad
Height Mass mass mass jump jump
Maximal sprinting Group 0.18 —0.70 0.47 0.80 0.79 0.78
velocity

Slow —0.04 —0.69 0.58 0.84 0.79 0.80

Fast 0.03 —0.21 0.23 0.60 0.28 0.39

Stride rate Group —0.62 —0.75 0.60 0.69 0.34 0.37
Slow —0.46 —0.51 0.60 0.59 0.26 0.33

Fast —0.73 —0.85 0.52 0.55 —0.30 —0.20

Stride length Group 0.46 0.02 —0.24 0.19 0.51 0.41
Slow 0.66 0.03 —0.33 0.14 0.50 0.41

Fast 0.52 0.60 —0.38 —-0.14 0.25 0.15

Relative stride length  Group —0.21 —0.42 0.10 0.49 0.52 0.46
Slow  0.20 —0.20 —0.09 0.37 0.55 0.48

Fast —0.42 —0.19 0.02 0.20 —0.10 —0.09

Ground contact time  Group 0.45 0.73 —0.54 —0.72 —0.46 —0.48
Slow 0.27 0.56 —0.60 —0.69 —0.37 —0.42

Fast 0.66 0.74 —0.37 —0.49 —0.30 0.22

Flight time Group 0.34 0.12 -0.18 —0.05 0.16 0.11
Slow 0.32 —0.08 —0.03 0.13 0.16 0.13

Fast 0.43 0.54 —0.41 —0.35 0.16 0.07

*The top number is the correlation for the whole group (n = 40), the middle number is the maximal velocity-slow group (n = 20), and
the bottom number is the maximal velocity-fast group (n = 20).

Pilot data also revealed strong reliability within the testing
sessions for ISV (ICC = 0.87, TEM = 0.08 m-s~1), MSV
(ICC = 0.90, TEM = 0.17 m-s™ 1), acceleration GCT (ICC =

TEM = 0.006 seconds), acceleration SL. (ICC = 0.85, TEM =
0.026 m), maximal velocity GCT (ICC = 0.8, TEM = 0.003
seconds), maximal velocity FT (ICC = 0.82, TEM = 0.007

20¢/TT/¥0 uo
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0.75, TEM = 0.005 seconds), acceleration FT (ICC = 0.75,

seconds), and maximal velocity SL. (ICC = 0.7, TEM = 0.05 m).

TasLe 6. Changes in sprinting kinematics and different strength qualities over 1 year in elite rugby players (n = 15).

Test Pre Post p value Effect size (d) Magnitude
Mass (kg) 1006 =*11.3 101.8 =*£12.2 0.08 0.11 Trivial
Triple broad jump (cm) 8.18 *0.56 8.27 *0.57 0.08 0.16 Trivial
Broad jump (m) 255 *043 258 =*042 0.11 0.06 Trivial
Power clean (kg) 121.7 +6.7 131.0 +8.2  0.002 1.39 Very large
Relative power clean (kg-kg~1) 1.22 =*0.13 1.30 *0.15 0.008 0.60 Moderate
Front squat (kg) 1426 *143 1459 *14.1 0.11 0.22 Small
Relative front squat (kg-kg~") 1.43 *0.20 1.45 *+0.19 0.48 0.07 Trivial
Acceleration fight time (s) 0.07 =+0.01 0.07 =*0.01 0.30 0.19 Trivial
Acceleration ground contact time (s) 0.17 *0.02 0.16 *0.02 0.24 0.22 Small
Acceleration stride length (m) 1.22 *0.11 1.31 *0.09 0.003 0.81 Large
Maximal velocity stride length (m) 2.05 =*0.11 2.08 =*0.11 0.40 0.23 Small
Maximal velocity ground contact time (s) 0.11  *=0.01 0.11  *=0.01 0.95 0.01 Trivial
Maximal velocity flight time (s) 0.12  +0.01 0.12 *0.01 0.47 0.17 Trivial
Initial sprint velocity (m-s~1) 5.73 *0.24 5.73 =*+0.27 0.99 0.00 None
Maximal sprint velocity (m-s~1) 8.87 *0.59 885 *0.70 0.83 0.03 Trivial
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15) over 1 year of training.

TasLE 7. Pearson’s correlation between changes in strength qualities and sprinting kinematics of elite rugby players (n
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Strength Assessment
Within 1 week of the sprint testing, the participants were
tested for strength qualities by assessing broad jump (BJ),
triple broad jump (TB]), power clean (PC), and front squat
(FS) in a single session. The tests were performed in the
following order: BJ, TBJ, PC, and FS with approximately
5 minutes between each exercise. Each of the participants
was given 5 attempts for both BJ and TBJ. The score for
each of the different jump conditions was the distance
between the lines that the athlete started behind and the
back of their heel after they had landed. During the BJ, the
participants were encouraged to jump horizontally off of 2
feet as far as they could and were allowed to use an arm
swing while jumping. While landing, the players were
instructed to land in a position of deep knee flexion to
maximize the horizontal distance of the jump. During the
TB]J, the participants were encouraged to land in the same
manner but with the exception that they land and jump
again with a minimal landing time after the first and the
second jumps. The longest jumps were retained for analysis.
Pilot data of the jumping tests showed that they had high
reliability with a TEM and Coefhicient of Variation (CV) of
0.04 m and 7% for BJ and with 0.12 m and 7% for TB]J.
When testing for a 1 repetition maximum (1RM) PC
and a 1RM FS, the subjects performed 2-3 warm-up sets
of 3-5 repetitions below 60% followed by 1-2 repetitions
at 70, 80, 85, 90, 95, and 100% of predicted 1RM. The
subjects then continued to increase the weight by 2-5%
until they failed. Each participant took 3-5 minutes
between attempts at near maximal or maximal weights.
The protocols for testing PC were that the bar had to
begin from the floor and end when the athlete successfully
stood up with the bar on their shoulders. The bar had to be
received in the “power position” such that at no point did
the long axis of their thigh drop below parallel. When
testing FS, the athlete had to squat in a below parallel
manner while keeping the bar on their shoulders and hold-
ing the bar in a “clean catch” position. Power clean and FS
were expressed relative to BM (PC/BM and FS/BM) for
analyzing relative strength.

Training Program

All of the participants involved in part 2 of the study were
training on a full-time basis at a national team training
academy. Each of the participants were typically involved in
approximately 8-12 weeks per year of national team duty, 24
weeks per year of club rugby, 12-16 weeks per year of pre-
season training and 4 weeks of rest. Training during national
team competition weeks typically involved 1-2 strength and
3-4 rugby sessions per week. Club rugby weeks consisted of
2-3 strength, 1-2 speed, and 2-3 rugby sessions per week.
Preseason was 2 speed, 3-4 strength, and 1-2 rugby sessions
per week. Given the intense nature of rugby, each player was
injured at some point of the study so that their training had
to be modified, but no players were injured to an extent that
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Figure 1. Scatterplots illustrating the relationships between maximal sprinting velocity (A-D) and initial sprinting velocity (E-H) with broad jump (A and E), triple
broad jump (B and F), front squat relative to body mass (BM) (C and G), and power clean relative to BM (D and H). Slow group in each of the graphs is denoted
by solid black squares, and the fast group in each graph is denoted by open diamonds.

long-term layoffs (>1 month) occurred. Each participant
followed an individualized training program. Table 1 lists
typical speed and strength exercises used during training
sessions. When players were not involved in national team
duty, each program typically went on 6- to 8-week cycles
divided into an initial 3- to 4-week block emphasizing max-
imal strength with the second 3- to 4-week block emphasiz-
ing power. This was typically accomplished by altering
training volumes of exercises (i.e., more back squats in block
1 and more plyometrics in block 2) or by replacing exercises
(back squats in block 1 and jump squats in block 2). Speed
training focused on improving acceleration in the first block
of training and maximal sprinting velocity in the second
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Figure 2. Scatterplot illustrating the relationship between power clean
relative to body mass and maximal velocity ground contact time during
a 40-m sprint. Slow group in the graph is denoted by solid black squares,
and the fast group is denoted by open diamonds.

block. Training during national team competition weeks
was, at a minimum, focused on maintaining maximal, explo-
sive, and reactive strength.

Statistical Analyses

To assess the hypothesis that faster players had superior
strength and power scores than their slower counterparts,
the participants were, using the median split technique,
divided into a fast group (7 = 20) and a slow group (7 = 20)
for both acceleration (0- to 10-m split) and maximal velocity
(30- to 40-m split). Fast and slow groups were compared for
anthropometric scores, strength quality scores, and sprinting
kinematics. Differences between the fast and slow groups

Stride Length (m)

-0.25 -
Power Clean/Body Mass (kg-kg™)

Figure 3. Correlation between changes (postscore-prescore) in
maximal velocity stride length and increases in power clean relative to
body mass over a 1-year period.
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were calculated with Student’s #test. Cohen’s 4 effect sizes
were calculated to characterize the differences between
groups. To assess the relationships between the various
sprinting kinematics, anthropometric, and strength quality
measures in part 1, Pearson’s correlations were calculated.
In part 2, paired #tests were used to compare the differences
in testing scores between the pretests and posttests over the
1-year experimental period. To determine the transfer effect
between strength and power exercises and sprinting perfor-
mance, a transfer of training effect (42,45) was calculated
according to the following formula:

REsuLTS

In part 1, 13 athletes were placed in the fast group for both
the acceleration and maximal velocity analyses, 13 were in
both slow groups, and there were 14 athletes who were in
one of the fast groups and one of the slow groups. Differ-
ences between the acceleration and maximal velocity groups
for anthropometric measures, sprinting kinematics, and
strength quality measures are listed in Tables 2 and 3, respec-
tively. When comparing the fast and slow acceleration
group, moderate differences for ground contact time (0.16

vs. 0.17 seconds, 7= 0.8) and FS/BM (1.46 vs. 1.36 kg-kg ™1,

Effect Size Change in Sprinting Performance

Transfer of Training Effect =

Transfer of training effects were only calculated between
variables that had an effect size of at least /= 0.2 which is
considered the smallest worthwhile difference for a team
sport athlete (20). The higher the score of transfer of train-
ing effect, the more likely the training exercise positively
influenced sprinting performance. Pearson’s correlations
were also calculated between the changes in various sprint-
ing kinematics and strength and power scores over the
1-year period. The magnitude of positive correlations was
classified as trivial <0.1, small 0.1-0.29, moderate 0.3-0.49,
large 0.5-0.69, very large 0.7-0.89, and nearly perfect >0.9
(20). Cohen’s 4 effect sizes were considered trivial 0-0.19,
small 0.2-0.59, moderate 0.6-1.19, large 1.2-1.99, and very
large for >2.0 (20). All statistical analyses were conducted
with XLSTAT (New York, NY, USA) software.

-0.15 -0.1 0 0.05 0.1 0.15

Velocity (m-s™)

-0.15

-0.2

¢ 025 -

-0.3 -
Front Squat/Body Mass (kg-kg™)

Figure 5. Correlation between changes (postscore-prescore) in initial
sprinting velocity and front squat relative to body mass over a 1-year
period.
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Effect Size Change in Strength Training Exercise’

d=0.8) were found. Large differences for PC/BM (1.30 vs.
1.14 kg kg™, 4= 1.2), BJ (2.68 vs. 2.46 m, 4 = 1.7), and
TBJ (8.44 vs. 7.54 m, d = 1.7). The fast and slow acceler-
ation groups for maximal velocity showed moderate differ-
ences for stride length (2.06 vs. 1.99 m, 4 = 0.8), large
differences for relative stride length (1.13 vs. 1.07 m-m ™1,
d=1.3), PC/BM (1.30 vs. 1.14 kg-kg~ 1, 4= 1.2), BJ (2.69
vs. 2.45 m, 4= 1.8), and TB]J (8.44 vs. 7.66 m, 4= 1.5), and
very large differences for ground contact time (0.10 vs. 0.12
seconds, 4= 2.1).

The correlations between anthropometric measures and
strength quality scores with sprinting kinematics for the whole
group, fast group, and slow group are displayed in Figures 1
and 2 and Tables 4 and 5. Initial sprint velocity has similar
correlation for both the slow and fast group with PC/BM

0.03 -
0.02 -

.01

-40 -20 0.01 ¢ 20 40 60

Ground Contact Time (s)

-0.02 .

-0.03 -
Triple Broad Jump (cm)

Figure 4. Correlation between changes (postscore-prescore) in
acceleration ground contact time and triple broad jump over a 1-year
period.
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(r=0.68, r=0.67), B] (»=0.73, »=0.66), and TB] (»=0.72,
= 0.69). The slow group, when compared with the fast
group, had stronger correlations between MSV and FS/
BM (= 0.58, » = 0.28), PC/BM (r= 0.84, » = 0.60), BJ (»
= 0.79, » = 0.28), and TBJ (» = 0.80, » = 0.39). Of all the
strength tests, PC/BM had the strongest relationship with
acceleration ground contact time (= —0.61, 7= —0.56) and
maximal velocity ground contact time (= —0.69, 7= —0.49)
with the slow and fast groups.

Changes in strength and speed measurement are pre-
sented in Table 6, and the correlations between those
changes are presented in Table 7. Changes in PC/BM and
FS/BM had very large (= 0.70) and moderate correlations
(r=0.49) with change in stride length over 1 year. Changes
in FS/BM had a moderate relationship (» = 0.49) with
changes in ISV. For determining transfer of training effects,
PC/BM was the only strength quality measure and acceler-
ation stride length, acceleration ground contact time, and
maximal stride length were the only sprinting kinematics
that met the criteria of at least a small (4= 0.2) effect size
change. The transfer of training effects was therefore calcu-
lated between PC/BM and acceleration stride length (1.2),
acceleration ground contact time (0.36), and maximal veloc-
ity stride length (0.38) (Figures 3-5).

DiscussION

The results of this study indicated that the fast groups for
both acceleration and maximal velocity displayed better
scores in the different strength qualities (Tables 2 and 3).
Large differences (>4 = 1.2) favoring the fast groups over
the slow groups were found for PC/BM, TB], and B] (Tables
2 and 3). Front squat or BM did not seem to be as good as
a discriminator with only a small difference between the
maximal velocity groups (4= 0.5) and a moderate difference
(d = 0.8) in the acceleration groups. This is consistent with
the results of Hori et al. (21) who found that a group of
athletes with relatively high PC/BM scores were faster over
10 m than a group who had relatively lower PC/BM scores.
Peak power and velocity in jump squats (14) and horizontal
jumps, drop jumps, and back squat relative to BM (24) have
also previously differentiated fast groups from slow groups
over 10 m.

Given the importance of low ground contact times for
high velocities during the acceleration phase of a sprint
(24), it is logical that powerful athletes who can develop
force quickly (38) will have shorter ground contact times
and be faster over 10 m than their weaker peers. Ground
contact time was the only sprinting kinematic measure with
at least a moderate difference (0.01 seconds, 4 = 0.8)
between the acceleration-fast group and the acceleration-
slow group, which is similar to other results highlighting its
importance (26,30). The fact that stride length showed only
a small difference highlights that acceleration is dependent
on developing optimal impulse and an optimal force vector
(22,25). Maximal sprinting velocity on the other hand has

been shown to be dependent on developing the necessary
vertical forces while minimizing ground contact time (39).
The results of this study supported this with a very large
difference (0.02 seconds, 4 = 2.1) in ground contact time
between the maximal velocity-fast group and maximal
velocity-slow group. There was a moderate and large dif-
ference between stride length (0.07 m, 4= 0.8) and relative
stride length (0.05 m-m~!, 7= 1.3) between the maximal
velocity-fast group and maximal velocity-slow group,
which underscores the importance of stride length as the
second most important kinematic factor after ground con-
tact time.

An interesting observation in part 1 of this study was that
there were weaker correlations between maximal sprinting
velocity and the strength quality tests for maximal velocity-
fast group when compared with maximal velocity-slow group
(Table 3 and Figure 1). The correlations between ISV with BJ,
TBJ, PC/BM, and FS/BM, however, were generally the same
for the acceleration-fast group and acceleration-slow group
(Table 3). These differences could possibly be explained by
ground contact time during the different phases of sprinting.
The acceleration ground contact time of both the
acceleration-fast group and acceleration-slow group is similar
at 0.16 and 0.17 seconds. The maximal velocity ground con-
tact times for the maximal velocity-fast group and maximal
velocity-slow group, however, were much shorter at 0.12 and
0.10 seconds. The time to develop force may be the limiting
factor for the potential of strength and power exercises to
improve sprinting speed. For instance, PC/BM had similar
associations with ground contact times for both the
acceleration-slow group (» = —0.61) and acceleration-fast
group (7= —0.56) (Table 4). However, PC/BM had a much
weaker relationship with ground contact time for the maximal
velocity-fast group (= —0.37) when compared with maximal
velocity slow-group (= —0.60) (Figure 2 and Table 5). This
implies that the specificity of an exercise and its potential to
improve sprinting speed may be different between fast and
slow athletes because of differences in ground contact time.
Selecting exercises that help increase the rate of force devel-
opment in less than 0.10 seconds may be highly important for
improving maximal sprinting velocity in players that are
already capable of achieving high sprinting speeds (44).

Despite taking part in strength training activities year
round, the average improvements of lower-body strength
qualities of the athletes in part 2 of this study were
generally low (Table 6). This is similar to other previously
reported data that showed no improvements over the
course of a year in the development of leg strength in pro-
fessional rugby players (1). The extensive strength training
background, heavy competition schedules, and short-term
injury layoffs likely contributed to this. The exception to
this was PC, which showed a large average improvement
(121-131 kg, p = 0.002, 4 = 0.55) in the group (Table 6).
Several of the athletes did make large improvements in all
of the different tests, whereas others actually showed
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decreases, which resulted in the trivial mean improvement
of the group as a whole.

The cross-sectional data from part 1 suggest that increas-
ing all of the different strength qualities would increase
sprinting speed, and this would most likely happen by
decreasing ground contact times. Interestingly, the correla-
tion between changes in PC/BM over 1 year and changes in
ground contact time during acceleration (= 0.09) and max-
imal velocity (= 0.23) sprinting were low and in the oppo-
site direction of what was expected. Changes in maximal
velocity stride length, however, had a very large relationship
with the change in PC/BM (» = 0.70). Unexpectedly,
changes in PC/BM (r = 0.20), FS/BM (r = 0.12), B] (=
—0.10), and TBJ (= 0.11) all had small or trivial relation-
ships with the changes in MSV. Changes in FS/BM did have
a moderate relationship (» = 0.49) with the change in ISV
though. These relationships highlight the problematic nature
of using cross-sectional correlations to predict the effective-
ness of training exercises for improving performance. The
separate analyses of faster and slower groups, combined with
the longitudinal analysis of this study, further demonstrate
the importance of recognizing the athletes with different
training ages likely to have different adaptation potential to
specific strength training stimuli. The physiological qualities
that underpin success in sprinting and strength and power
training may be similar but with reduced or even minimal
remaining trainability or transfer potential in elite athletes
with extensive training backgrounds. Strength and power
training in athletes with minimal strength training back-
ground should improve neural drive to agonist muscles
and improve stretch reflexes and intramuscular coordination
(34,35). This would likely improve sprinting performance by
decreasing ground contact time (33) through an increased
rate of force development (7,40). However, the principle of
diminishing returns may mean that this strategy is no longer
effective in highly trained athletes.

The fact is that only 2 athletes were able to decrease
maximal velocity ground contact time over an entire year
(both —0.01 seconds) that may be explained by the follow-
ing possibilities. The high training load and fatigue from
competitions and rugby practices may have prevented any
positive adaptations to the speed and power training for
many of the athletes. The exercises selected for speed and
strength training (Table 1) sessions may also have been inad-
equate for improving sprinting speed in these players.
Another possibility is that there is a limitation on the ability
to develop force at high velocities. Fascicle length of ham-
string muscles has previously been shown to discriminate
between different levels of sprinters (23). The force-
velocity relationship of these key sprinting muscles (29)
likely has a structural limit of how much it can be improved
and this probably affects the potential for strength and
power training to impact maximal velocity sprinting perfor-
mance. It may be the case that fascicle lengths of hamstring
muscles dictate the velocity at which hip extension in

2594  Jotirnal of Strength and Conditioning Research

sprinting can happen but greater force can be developed at
that velocity through training, and this allows for an
improved stride length at maximal velocity. Increases in
PC/BM (r= 0.70) and FS/BM (r = 0.48) both indeed did
seem to predict changes in maximal velocity stride length.

Interestingly, there was a moderate relationship between
the changes of acceleration ground contact time and TB]J
(r = —0.67). Successful acceleration ability has typically
been described by optimizing force vectors (22,25)
through a forward lean. It then follows that improvement
in TBJ that combines an emphasis on brief contact times
while jumping with a forward lean would be associated
with improvements in acceleration ground contact time.
Even though the associations between changes in acceler-
ation stride length and each of the strength quality tests
were all weak, the high transfer of training effect (1.33)
calculated between PC/BM and acceleration stride length
indicated that improving concentric lower-body explosive
strength is beneficial for improving stride length during the
first few steps from a standing start.

The frequent sprints that take place during rugby games
mean that acceleration is likely an important physical ability
for all players (11,12). In highly trained rugby players, con-
tinuing to train lower-body explosive strength and combin-
ing it with exercises to learn to optimize the resultant force
vector such as horizontal jumps and sled sprints (16) is prob-
ably the key for developing acceleration ability. It is unlikely
that athletes with extensive strength training backgrounds
will find that strength and power training results in improve-
ments in maximal sprinting velocity through a decrease in
ground contact time but possibly through an increase in
stride length. Improving lower-body maximal and explosive
strength may improve acceleration ability through an
increase in stride length. It is important to realize that
cross-sectional correlations may highlight some shared
physiological qualities between strength and power exercises
and sprinting ability, but these qualities may no longer be
trainable in a manner that leads to transfer. It may be possi-
ble that rugby players with limited time for strength and
conditioning activities are strong enough for their position.
For instance, a winger, whose position depends on high
levels of sprinting speed, may have adequate lower-body
strength (e, PC of 150% of BM) to sprint at very high
velocities, tackle, ruck, etc. Their training time may need
to be devoted to trying to increase sprinting speed through
extra speed sessions and perform only a maintenance level
frequency of strength training sessions. A prop, however,
may need to continue to focus much of their efforts on
increasing strength because scrummaging is critical for their
position, and maximal strength (32) is critical for scrummag-
ing. Simple field tests like the ones used in this study or more
complex tests that use force plates such as mid-thigh iso-
metric pulls, drop jumps, and countermovement jumps can
be used to gain a more complete physical profile of athletes.
These tests can then be used to individualize exercise
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selection when designing strength training programs. Exer-
cise selection is paramount for strength and conditioning
coaches working with elite rugby players given the small
possibility for further training adaptation (2) as well as the
limited amount of strength and conditioning sessions possi-
ble because of competition schedules (1) and injuries (13)
that interrupt training. It would be beneficial for future
research to explore how the sequencing of exercises in train-
ing and the arrangement of training sessions during the week
affect physical development.

PRACTICAL APPLICATIONS

Although the majority of athletes can experience improve-
ments in sprinting ability through improving general max-
imal strength, the results of the current study suggest that the
notion of improving maximal sprinting speed of highly
trained rugby players through increasing strength is more
complex. Cross-sectional data indicate that increasing
strength should lead to a decrease in maximal velocity
ground contact time and subsequent increases in maximal
sprinting speed. The results of this study would indicate that
it is difficult to decrease ground contact time in highly
trained athletes and improving strength corresponds to an
increase in maximal velocity stride length rather than
a decrease in ground contact time. Improving different
strength qualities such as concentric explosive strength and
reactive strength do seem to correspond to an improvement
in stride length and ground contact during the first steps of
a sprint from a standing start. Achieving high levels of
maximal, explosive, and reactive strength is important for
elite rugby players, even if it does not result in direct transfer
to sprinting speed of players with an extensive training
background. It is likely rugby players with an extensive
training history will reach a point of diminishing returns
where their lower-body strength is high enough to sprint at
high velocities. If improving sprinting speed is the goal of
rugby players who already possess substantial lower-body
strength, their training focus may need to shift from
improving general strength qualities to maintain their
current strength level so that their training can have a greater
focus on speed training.
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