Short Communication

Relationship between Isometric Strength, Sprint, and Change
of Direction Speed in Male Academy Cricketers
Christopher Thomas, Thomas Dos’Santos, Paul Comfort, Paul A. Jones
Objectives: The aim of this investigation was to determine the relationships between isometric strength, sprint, and change of
direction speed (CODS) performance in academy cricketers.

Design and Methods: Eighteen male academy cricketers (mean ± SD; age = 17.1 ± 0.7 years; height = 175.8 ± 6.1 cm; mass =

71.7 ± 11.3 kg) performed tests of bilateral and unilateral stance isometric mid-thigh pull (IMTP), sprint, and change of direction speed (CODS) across two separate testing sessions. Isometric mid-thigh pull testing involved trials with relative peak
force (PF [N∙kgˉ¹]) determined for bilateral stance (IMTP PF), left leg (IMTP L PF), and right leg (IMTP R PF). Sprint and
CODS performances was measured using 5-, 10-, and 20-m sprint performance, and traditional 505 (505) and modified 505
(505mod) tests. Relationships between variables (IMTP, sprint and CODS performances) were analysed using Pearson’s product
– moment correlation.
Results: Results suggest that IMTP R PF displayed the strongest relationships with sprint performance (r = − 0.49 to − 0.52).
Times to complete 505 CODS were significantly correlated with bilateral and unilateral stance IMTP PF (r = − 0.47 to − 0.65),
whereas modified 505mod CODS performance demonstrated no correlation to either bilateral or unilateral stance IMTP PF (r =
− 0.31 to − 0.44).
Conclusions: There are no significant relationships between bilateral and unilateral stance IMTP PF and 505mod CODS.
Furthermore, there are no significant relationships between bilateral stance IMTP PF and sprint performance. However, this
study identified bilateral and unilateral stance IMTP PF to relate to 505 CODS.

(Journal of Trainology 2016;5:18-23)
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INTRODUCTION

Short sprint performance is of great importance in many
sports, with research suggesting that sprinting accounts for
approximately 9% of the total distance covered by both fast
bowlers and fielders during Twenty20 cricket matches. 13
Additionally, the same authors found mean sprint distances of
14 - 17 m for batsmen, fast bowlers, fielders, and spin bowlers.
Thus, the ability to accelerate is important and may strongly
influence periods of play, whereby players are running
between the wickets, fielding the ball, or increasing velocity
when bowling. Thus, short sprint performance requires high
levels of relative strength to overcome the inertia of body
mass. A number of studies have investigated the relationship
between isometric strength-related variables and short sprint
performance, demonstrating strong associations.21,23,24 West et
al.24 found significant correlations between isometric midthigh pull (IMTP) strength measures and 10 m sprint performance (r = − 0.54 to − 0.68). Tillin et al.23 found normalized
peak force (PF) at 100 ms during an isometric back squat to
correlate to 5- and 20-m sprint performance (r = − 0.54 to
− 0.63) in varsity rugby union players. Further, Thomas et al.21
found a significant correlations between IMTP strength and
sprint performance (r = − 0.57 to − 0.78) in collegiate athletes.
Together, these studies indicate a strong association between
maximal strength and sprint performance. Furthermore, train-

ing-induced increases in measures of maximum strength have
been shown to transfer positively to sprint performance.16
Studies have used various methods to assess strength measures, including isometric,18,19,21 isokinetic,10,27 and free weight
squats, 12,19 when investigating the relationship between
strength and change of direction speed (CODS). Thomas et
al.21 found strong, significant inverse correlations (r = − 0.57;
p < 0.05) between isometric midthigh pull peak force (IMTP
PF) and modified 505 (505mod) CODS in collegiate athletes.
Similarly, Spiteri et al.19 demonstrated very strong, significant
inverse associations (r = − 0.79; p < 0.01) between IMTP relative PF (PF/body mass) and 505 CODS in female basketball
athletes. These findings are consistent with findings of past
studies by Nimphius et al.12 and Hori et al.8 which found relative 3 repetition maximum back squat and one repetition maximum front squat to significantly correlate to 505 (r = − 0.75
to − 0.85; p < 0.05) and modified 505 CODS (r = − 0.51; p <
0.01), respectively. Research by Jones et al.10 also points
towards eccentric strength as an important factor of 505
CODS, possibly contributing to shorter braking times and
increased propulsive force application during CODS activities.17,18 Overall, there seems to be some evidence to indicate
that efficient CODS requires multiple strength types (eccentric, isometric, and concentric) to position the body appropriately to rapidly decelerate and re-accelerate in a new direc-
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tion.18
As previously stated, bilateral stance IMTP PF is strongly
related to sprint and CODS; however, no study is yet to establish whether these findings hold true for unilateral stance
IMTP PF. Furthermore, given the unilateral force production
requirements of sprinting and CODS movements, it may be
that unilateral stance IMTP PF would be more specific to these
dynamic movements. Although performed in a unilateral
stance, one would also expect IMTP PF to demonstrate high
within-session reliability due to the IMTP position replicating
the unilateral stance of sprinting and CODS. Therefore, the
aim of this study, firstly, was to examine the relationships
between IMTP strength, sprint, and CODS in male academy
cricketers. Secondly, to assess the within-session reliability of
the unilateral stance IMTP PF measures. It was hypothesized
that the relationships between IMTP strength variables and
sprint, and CODS would be similar to those previously identified by Thomas et al. 21 and Spiteri et al. 19 because of the
CODS tests used within the studies. It was further hypothesized that unilateral stance IMTP PF measures would demonstrate reliability values similar to those previously identified in
the bilateral stance IMTP.

METHODS

Experimental Approach to the Problem

This study was designed to investigate the relationships
between IMTP strength, sprint (times over 5, 10, and 20 m),
and CODS performance (505 and 505mod) in academy male
cricketers. The IMTP was chosen as it is commonly used to
assess isometric force-related measures.14 Sprint performances
over 5-, 10-, and 20-m were selected because these are representative of sprint distances covered during cricket matchplay,13,15 whereas the CODS protocols were selected as they
are commonly used to assess such performance outcomes19,21.
After data collection was complete, associations between variables were analysed via Pearson’s correlations.

Subjects

Eighteen male cricket academy athletes (mean ± SD; age =
17.1 ± 0.7 years; height = 175.8 ± 6.1 cm; mass = 71.7 ± 11.3
kg) participated in this study. All players were from the same
club and had 3.7 ± 1.2 years of experience competing at this
level. Ethical approval was provided by the Institutional
Review Board, and all athletes provided written informed consent, with consent from the parent or guardian of all players
under the age of 18. All procedures conformed to the
Declaration of Helsinki. All individuals were familiar with
testing protocols.

Procedures

Testing was conducted in the preseason during which time
all participants were training with sessions comprising all the
elements of performance including 4-5 cricket-specific training sessions, plus 2 resistance training sessions each week. At
the time of testing, participants were at the end of a 4-week
general preparation mesocycle.
All testing was performed over two separate days, with
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anthropometric measurements taken (height and body mass),
followed by IMTP testing on day 1, and sprint and CODS performance measures completed on day 2. On arrival, all participants had their height (Stadiometer; Seca, Birmingham,
United Kingdom) and body mass assessed (Seca Digital
Scales, Model 707) while in bare feet, measured to the nearest
0.1 kg and 0.1 cm, respectively. All athletes rested the day
before testing and were asked to attend testing in a fed and
hydrated state, similar to their normal practices before training.
Before the start of testing, athletes were instructed to perform
a standardized warm-up, as directed by the investigator.
Further, standardized progressive warm-ups were applied
before all tests to control potential variables and improve the
reliability of all tests.

Isometric Mid-Thigh Pull Testing

Bilateral and unilateral stance IMTP testing was performed
using a portable force platform sampling at 600 Hz (400 Series
Performance Force Plate; Fitness Technology). The force platform was interfaced with computer software (BMS) that
allows for direct measurement of force-time characteristics
and then analyzed using the BMS software. Data were filtered
using a fourth-order Butterworth filter with a 16 Hz cut-off
frequency. For the bilateral IMTP, athletes obtained self-selected knee and hip angles based on the reports of previous
research.2 For this test, an immovable, collarless steel bar was
positioned at approximately mid-thigh, just below the crease
of the hip, using a portable IMTP rig (Fitness Technology,
Adelaide, Australia). The bar height could be adjusted (3 cm
increments) at various heights above the force platform to
accommodate different sized athletes. Once the bar height was
established, the athletes stood on the force platform, and their
hands were strapped to the bar in accordance with previously
established methods.20 Each athlete was provided two warmup pulls, one at 50% and one at 75% of the athletes perceived
maximum effort, separated by one minute of rest. Once body
position was stabilized (verified by watching the subject and
force trace), the subject was given a countdown of “3, 2, 1,
Pull.” Minimal pretension was allowed to ensure that there
was no slack in the subject’s body before initiation of the pull.
Athletes performed three maximal IMTP, with the instruction
to pull against the bar with maximal effort as quickly as possible, and push the feet down into the force plate; this instruction
has been previously found to produce optimal testing results.20
Each maximal isometric trial was performed for 5 seconds,
and all athletes were given strong verbal encouragement during each trial. Two minutes of rest was given between the
maximal effort pulls.
Unilateral stance IMTP testing followed the same procedures outlined for bilateral IMTP testing, however was only
performed with one foot on the force platform, with the other
limb unsupported and flexed 90° at the knee. Athletes were
positioned at the same hip and knee joint angle established
during bilateral testing. Athletes were instructed to maintain
balance, pull against the bar with maximal effort as quickly as
possible, and push their single foot into the force platform.
Athletes performed a total of six unilateral maximum effort tri-
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als (3 with left and right limbs each), in a randomized order,
interspersed with two minutes of recovery between trials. Any
trials whereby subjects lost balance were excluded, and further
trials were performed after a further 2-minute rest period. The
maximum force recorded from the force-time curve during the
5-second IMTP trial was reported as the PF for both bilateral
and unilateral stance conditions, and was presented as a value
relative to body mass (N∙kgˉ¹). The best performance from
each of the 3 trials, for each condition was used for further
analysis.

and sprint back 5 m through the finish.4 For 505mod testing, athletes were instructed to sprint to a line marked 5 m from the
start line, placing either left or right foot on the line, depending
on the trial, turn 180° and sprint back 5 m through the finish.4
During both tests, if the subject changed direction before hitting the turning line, or turned off the incorrect foot, the trial
was disregarded and the subject completed another trial after
the rest period. The best performance from each of the 3 trials,
for both 505 and 505mod was used for further analysis.

Sprint Testing

Data are presented as either mean ± SD or mean with 90%
confidence intervals (90% CI) where specified. Within-session
reliability of dependent variables was examined using the
intraclass correlation coefficient (ICC), and typical error of
measurement (TE) expressed as a coefficient of variation
(CV). Intraclass correlation coefficient, TE, and CV were calculated through an available online spreadsheet.6 To assess the
magnitude of the ICC, the threshold values were 0.1, 0.3, 0.5,
0.7, 0.9, and 1.0 for low, moderate, high, very high, nearly perfect, and perfect, respectively.7 Normality of data was assessed
by Shapiro–Wilk statistic, and Q-Q plot analysis.
Relationships between variables (strength, sprint, and CODS
performances) were determined using Pearson’s product –
moment correlation using SPSS software (version 17.0, SPSS,
Inc., IL, USA). Correlations were evaluated as follows: small
(0.10 - 0.29), moderate (0.30 - 0.49), large (0.50 - 0.69), very
large (0.70 - 0.89), nearly perfect (0.90 to 0.99), and perfect
(1.0). The criterion for statistical significance of the correlation
was set at p ≤ 0.05.

The 20-m sprint test was administered as a test of acceleration and sprint ability. All athletes performed three trials, with
two minutes rest between trials, on a third-generation artificial
rubber crumb surface using “Brower photocell timing Gates”
(model number BRO001; Brower, Draper, UT, USA) setup at
0-, 5-, 10-, and 20-m. Timing gates were placed at the approximate hip height for all athletes as previously recommended,26
to ensure that only one body part, such as the lower torso,
breaks the beam. Athletes started 0.5 m behind the first gate, to
prevent any early triggering of the initial start gate, from a
two-point staggered start. The best performance from each of
the 3 trials was used for further analysis.

Change of Direction Speed Testing

Change of direction speed was assessed utilising 505, followed by 505mod tests on the same surface as the sprint trials.
For both tests, athletes performed 3 trials on each leg, in a randomized order, with a 2-minute rest between trials. Athletes
started 0.5 m behind the photocell gates, to prevent any early
triggering of the initial start gate, from a two point staggered
start. Timing gates were again placed at the approximate hip
height for all athletes. For the 505, athletes were instructed to
sprint to a line marked 15 m from the start line, placing either
left or right foot on the line, depending on the trial, turn 180°

Statistical Analyses

RESULTS

Descriptive statistics and within-session reliability for IMTP,
sprint, and CODS performances are presented in Table 1.
Pearson correlation coefficients between IMTP, sprint and
CODS performances are presented in Table 2. Intraclass corre-

Table 1 D
 escriptive statistics and reliability for strength, sprint, and change of direction speed variables.†
Reliability Variable

Mean

SD

ICC (90% CI)

TE (90% CI)

CV% (90% CI)

IMTP
IMTP PF (N∙kgˉ¹)

32.24 ± 6.40

0.90 (0.80 – 0.95)

2.09 (1.73 – 2.75)

6.4 (5.3 – 8.5)

IMTP L PF (N∙kgˉ¹)

29.19 ± 5.52

0.92 (0.85 – 0.96)

1.61 (1.33 – 2.12)

6.1 (5.0 – 8.1)

IMTP R PF (N∙kgˉ¹)

29.26 ± 4.49

0.95 (0.89 – 0.97)

1.15 (0.95 – 1.51)

4.5 (3.7 – 6.0)

5 m (s)

1.10 ± 0.06

0.60 (0.35 – 0.79)

0.05 (0.04 – 0.06)

3.9 (3.2 – 5.2)

10 m (s)

1.88 ± 0.09

0.85 (0.73 – 0.93)

0.04 (0.03 – 0.05)

2.0 (1.7 – 2.6)

Sprint and CODS

20 m (s)

3.24 ± 0.18

0.96 (0.92 – 0.98)

0.04 (0.03 – 0.05)

1.2 (1.0 – 1.6)

505 L (s)

2.40 ± 0.12

0.82 (0.63 – 0.92)

0.06 (0.05 – 0.08)

2.5 (2.0 – 3.5)

505 R (s)

2.37 ± 0.10

0.75 (0.51 – 0.88)

0.07 (0.06 – 0.10)

3.0 (2.4 – 4.3)

505mod L (s)

2.70 ± 0.11

0.79 (0.59 – 0.90)

0.06 (0.04 – 0.08)

2.0 (1.6 – 2.9)

505mod R (s)

2.70 ± 0.15

0.83 (0.65 – 0.92)

0.07 (0.06 – 0.10)

2.6 (2.1 – 3.7)

†  

ICC = intraclass correlation coefficient; CI = confidence interval; TE = typical error; CV = coefficient of variation; IMTP = isometric midthigh pull; PF =peak force; CODS = change of direction speed; 505mod = modified 505; L = left leg; R = right leg.
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Table 2 Correlations between isometric strength, sprint, and change of direction speed variables.†
IMTP PF (N∙kgˉ¹)

5m

10 m

20 m

505 L

505 R

505mod L

505mod R

-0.20

-0.24

-0.43

-0.49 *

-0.46

-0.31

-0.37

IMTP L PF (N∙kgˉ¹)

-0.28

-0.24

-0.50 *

-0.65 **

-0.47 *

-0.34

-0.36

IMTP R PF (N∙kgˉ¹)

-0.52 *

-0.49 *

-0.53 *

-0.65 **

-0.48 *

-0.43

-0.44

†  

IMTP = isometric mid-thigh pull; PF = peak force; 505mod = modified 505; L = left leg; R = right leg.
* Correlations significant at p ≤ 0.05.
**Correlations significant at p ≤ 0.01.

lation coefficients showed high-to-nearly perfect reliability
(ICC ≥ 0.60; CV = 1.2 – 6.4%) between trials for IMTP, sprint,
and CODS measures (Table 1).
Pearson’s correlations demonstrated moderate-to-large
inverse correlations (r = − 0.49 to − 0.53) between IMTP R PF
and sprint times. In addition, IMTP L PF showed a strong correlation with 20 m sprint performance (r = − 0.50), whereas
IMTP PF demonstrated no correlation to either 5-, 10-, or
20-m sprint performance (r = − 0.20 to − 0.43).
Left leg IMTP PF revealed moderate-to-large inverse correlations to 505 CODS on both legs (505 L: r = − 0.65; p =
0.001; 505 R: r = − 0.47; p = 0.05). Similarly, IMTP R PF
revealed moderate-to-large inverse correlations to 505 CODS
on both legs (505 L: r = − 0.65; p = 0.001; 505 R: r = − 0.48; p
= 0.05), whereas IMTP PF demonstrated the strongest correlation with 505 L (r = − 0.49; p = 0.04). Additionally, bilateral
and unilateral stance IMTP PF measures did not correlate with
any measure of 505mod (r = − 0.31 to − 0.44).

DISCUSSION

The aim of this study was to examine the relationships
between isometric strength, sprint and CODS performance
measures in male academy cricketers. In line with our hypothesis, the results of this study found moderate-to-large relationships between bilateral and unilateral stance measures of IMTP
PF and CODS performances (r = − 0.47 to − 0.65), whereas
IMTP PF demonstrated small-to-large inverse correlations
with sprint performance (r = − 0.20 to − 0.53).
In this study, IMTP PF observed no significant correlations
to 5-, 10-, and 20-m sprint times. These findings are in contrast
to those by West et al.24 who found significant correlation
between IMTP PF and 10-m time (r = − 0.37) in professional
rugby league players. One possible reason for the contrasting
finding is the lower training history and playing level of the
athletes in the current study. Additionally, it may be that PF
values are secondary to impulse and time-specific force measures during short sprinting. For example, Hunter et al.9 found
velocity at 16 m to observe a strong relationship with net horizontal impulse (r² = 0.61). However, it should be noted the
findings of West et al.24 equate to a moderate correlation (r =
− 0.37), which may have been influenced by the sample size of
the study, and the body mass, physique, technique, and leg
strength of the subjects, thus influencing the strength and significance of the relationship. West et al.24 found IMTP PF at
100 ms to significantly correlate to 10-m sprint performance (r
= − 0.68; p < 0.01). Further, Thomas et al. 21 found IMTP

impulse at 100 and 300 ms to observe stronger associations to
5- and 20-m sprint performance, as compared to PF measures.
These findings demonstrate the importance of the ability of to
exert high forces over short periods of time, which may
explain the stronger relationships to sprint performance.
The results of this study found unilateral stance IMTP R PF
to significantly correlate to 5-, 10-, and 20-m sprint performance (r = − 0.49 to − 0.53), whereas IMTP L PF was demonstrated significant relationships to 20-m sprint time (r =
− 0.50). However, bilateral stance IMTP PF revealing no association to sprint performance (r = − 0.20 to − 0.43). Dynamic
tasks such as sprinting, are heavily dependent on an athlete’s
ability to rapidly apply unilateral force over short time intervals,9 therefore one would expect these measures to be related
as 1) relationships exist between bilateral IMTP PF and sprint
performance,21,24 and 2) the direct measurement of multi-joint
isometric force production capabilities replicates the unilateral
stance of sprint performance. Therefore, our findings may suggest the importance of developing unilateral force production
capabilities in male academy cricketers to contribute to
improved sprint performance. Specifically, cricketers cover
mean sprint distances of 13-18 m when fielding,15 and 17.68 m
when running between the wickets during batting; therefore
during sprint acceleration it is essential to produce high
amounts of force during each foot contact to overcome inertia,
with the ability to accelerate at greater rates highly related to
strength and force production capabilities in youth soccer athletes1,3,25. These results seem to be consistent with research
which found increases in relative strength were accompanied
by improvements in sprint performance.1 It can thus be suggested that maximal strength and speed development should be
emphasized as part of a periodized training programme, ensuring appropriate development of each component dependent on
the athletes’ specific needs.
In agreement with previous research,19,21 the results of this
study indicate the importance of maximal isometric strength
for CODS performance. The current study found bilateral and
unilateral stance IMTP PF measures to significantly correlate
to 505 CODS (r = − 0.49 to − 0.65). In contrast, no IMTP PF
measure was significantly correlated to 505mod CODS. As the
approach distance during the 505 was 15 m, this test may have
resembled the activity of running between the wickets when
batting (17.68 m sprint followed by a 180° turn), and in turn
affected the findings. However, these findings are most likely
explained by the fact that the combination of a higher
approach velocity in the 505, and resultant momentum, is like-

22

Journal of Trainology 2016;5:18-23

ly to increase braking demands, thus requiring high levels of
relative maximal strength to efficiently decelerate the body. In
contrast, a lower approach velocity test (505mod) may exhibit
stronger association to dynamic activities, with previous
research demonstrating significant correlations between 505mod
and countermovement jump height (r = 0.42).8 Therefore, the
results of the current study suggest the ability to change direction quickly as when running between the wickets, is highly
dependent upon an athlete’s ability to absorb and produce high
levels of force. Furthermore, the development of strength and
its related characteristics should be developed in a periodized
manner for cricketers of all levels, as recent work by Carr et al.
demonstrate the demands of the competitive cricket season and
current in-season training practices do not provide a sufficient
stimulus to maintain strength, jump, and sprint performances
in English county cricketers.1*
The current study found a significant, moderate correlation
between IMTP L PF and 505 R (r = − 0.47; p = 0.05), whereas
a large, significant correlation was identified with 505 L (r =
− 0.65; p = 0.001). Similarly, IMTP R PF revealed moderateto-strong relationships to 505 L than 505 R (r = − 0.65 and
− 0.48, respectively). These findings indicate the importance of
strength of both limbs during change of direction tasks.5,11,17
Spiteri et al.18 found faster CODS performers to display greater
braking force compared with slower athletes during 505
CODS, in addition to spending less time braking during deceleration, and shorter ground contact times during the plant
phase. Furthermore, Graham-Smith et al.11 found that greater
peak horizontal braking force at the penultimate contact (the
2nd last foot contact with the ground prior to moving into a
new intended direction) was related to faster CODS turn times.
The relationships elucidated in this study support the notion
that maximal strength of both limbs is an important factor of
CODS.
The results of the present study also suggest the unilateral
stance IMTP to demonstrate high within-session reliability
measures (ICC = 0.92 – 0.95; CV = 4.5 – 6.1%) for isometric
PF, comparable to bilateral IMTP reliability measures also
reported in the current study (ICC = 0.90; CV = 6.4%) and by
previous authors.21,22 Therefore, scientists and practitioners
should consider conducting unilateral stance IMTP assessments following the same protocol implemented in this study
as highly reliable measures of unilateral isometric PF are
obtained to assess unilateral isometric force production capabilities.
Results of this study demonstrate IMTP PF measures are
related to CODS performance in male academy cricketers.
Additionally, IMTP PF demonstrated small-to-large inverse
correlations with sprint performance. However, further
research is warranted to investigate future profiling of isometric strength performance, and its relationship with lower-body
dynamic tasks (sprinting, and changing direction) in athletes
from various sporting disciplines, and of differing strength levels. Further, our data show unilateral stance IMTP PF measures to observe very high within-session reliability; however,
further research is needed regarding its use in the evaluation of
unilateral isometric force production capabilities to sprint and

CODS performance.

CONCLUSION

Our study demonstrates the bilateral and unilateral stance
IMTP to be highly reliable measurements of maximal isometric force production capabilities. The findings of this study
indicate there are no significant relationships between bilateral
and unilateral stance IMTP PF and 505mod CODS. Furthermore,
there are no significant relationships between bilateral stance
IMTP PF and sprint performance. However, this study has
identified bilateral and unilateral stance IMTP PF to relate to
505 CODS. Therefore, maximal strength, especially relative to
body mass, should be developed within the required context of
each sport/event, as identified through appropriate assessment
and monitoring.
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