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ABSTRACT

Purpose: Previous research has investigated changes in athletes’ strength, power and speed
performances across the competitive season of many sports, although this has not been
explored in cricketers. The aim of this study, therefore, was to investigate changes in lower
body strength, jump and sprint performances across the English county cricket season.
Methods: Male cricketers (n = 12; age 24.4 + 2.3 years; body mass, 84.3 + 9.9 kg; height,
184.1 + 8.1 cm) performed countermovement jumps (CMJ) and 20 m sprints on 4 separate
occasions, and back squat strength testing on 3 separate occasions across a competitive
season. Results: Both absolute (12.9%, P = 0.005, effect size (ES) = 0.53) and relative lower
body strength (15.8%, P = 0.004, ES = 0.69) and CMJ height (5.3%, P = 0.037, ES = 0.42)
improved significantly over the pre-season training period, although no significant change
(1.7%, P > 0.05) in sprint performance was observed. Contrastingly, absolute (14.3%, P =
0.001, ES = 0.72) and relative strength (15.0%, P = 0.001, ES = 0.77), CMJ height (4.2%, P
= 0.023, ES = 0.40) and sprint performance (3.8%, P = 0.012, ES = 0.94) declined
significantly across the season. Conclusions: The results of this study show that both 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 these
cricketers. Therefore, coaches should implement a more frequent, higher load strength
training program across the competitive cricket season.

Key words: competition, maintenance, performance, jump, sprint, squat
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INTRODUCTION

With the increasing popularity of Twenty-20 and one-day cricket, the intensity of the game
has increased. Batsmen are increasingly expected to score more runs, which involves taking
more risks and requires the ability to run faster between the wickets. Glazier et al.' identified
a strong correlation between run up speed and ball release speed (» = 0.70-0.73) of fast-
medium bowlers, with other studies also reporting running speed as a predictor of ball release
speed.z’ 3 Sprinting is often involved in moments that directly affect the outcome of the game,
therefore high sprinting speed capacity is considered to be an important attribute of the
modern cricketer.

Studies investigating the relationship between strength and sprint performance have observed
a moderate-strong significant correlations between the two in a variety of sports.”® In
addition, Comfort et al.’ reported that 20 m sprint time (3.03 + 0.09 s to 2.85 £ 0.11 s; P <
0.001) improved concurrently with one repetition maximum (1RM) back squat strength (1.78
+0.27 kgkg' t0 2.05 + 0.21 kg.kg™; P <0.001) over an 8 week training period undertaken by
rugby league players. Similarly, research has also identified a strong relationship between
vertical jump height and sprint time in numerous sports, * * ' with Carr et al.'"® recently
reporting a strong correlation between countermovement jump (CMJ) height and 20 m sprint
times (r = -0.74) in a group of first-class county cricketers and Foden e al. '’ reporting
similar findings between these variables in academy cricketers (» = -0.67). It is, therefore, no
surprise that strong associations have also been found between lower body strength and
vertical jump height. Wisloff et al® reported a correlation of » = 0.78 between 1RM half
squat strength and CMJ height, while Comfort et al.® reported a correlation of r = 0.76
between maximum back squat strength and CMJ height. These relationships between
strength, jump and sprint performance suggest that maintaining strength levels is vital in
maintaining jump and sprint performance.

A combination of strength training and conditioning is typically performed throughout the
pre-season period, preparing cricketers for the start of the season. Justifiably, and as in many
skill-based sports, focus then shifts towards technical and tactical preparation as the
competitive season approaches. However, this transition to technical and tactical work is
often conducted at the expense of regular strength training and in some circumstances the
cessation of strength training. Over the course of a 26 week competitive season, this oversight
is worrying from both performance and injury prevention perspectives, as declines in strength
are observed 2-4 weeks following the cessation of strength training.'> This notion may have
negative implications for sprint and jump performance throughout the competitive season,
given the aforementioned association observed between strength and sprint and jump
performances. > ®

The competitions themselves conducted throughout the in-season period can, in some sports,
provide a sufficient stimulus to maintain or even improve strength and power levels. >
Hoffman et al." for example, suggested that the demands of the basketball season provided
an adequate stimulus to maintain leg strength and vertical jump performance, although there
was a slight decrease in performances in the middle of the season. Less physically demanding
sports, such as cricket, may not allow this to happen, however, as games are unlikely to
provide a sufficient strength and/or power stimulus.

With the large ratio of aerobic compared to strength or power based activities during one-day
and test game play for both bowlers and fielders, 1 cricket provides a challenge to improving
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muscle strength, power and speed during the competitive season. However, studies have
effectively maintained, or improved, strength, power, and speed across a competitive
season'”"” by implementing in-season strength training programs. Baker®® reported that sub-
elite rugby league players increased lower body performance, while elite athletes managed to
maintain performance across the season. The protocol used by Marques et al.'® also involved
variation in volume and intensity; however, cricket presents unique demands due to the long
duration (e.g. four days) of competitive games, and relatively low intensities. '® More
research, therefore, is required into in-season training strategies adopted by cricketers in order
to identify and develop optimal strategies.

The aim of this study was to investigate the variation in strength, jump and sprint
performance of English county cricketers across the pre-season period and the English county
season. It was hypothesized that strength, jump and sprint performance would improve over
the long off-season and pre-season training periods (20 weeks). It was also hypothesized that
strength, jump and sprint performance would then decline throughout the competitive season,
due to the reduction in the frequency and therefore overall volume of strength training.

METHODS

Subjects

All subjects were regular first team first-class county cricketers (n = 12; age 24.4 + 2.3 years;
body mass 84.3 + 9.9 kg; height 184.1 &= 8.1 cm) from the same club. Subjects consisted of all
rounders (n = 6), batsmen (n = 4) and spin bowlers (n = 2). They were provided with full
participant information and all provided written informed consent. The study protocol was
approved by the institutional ethics committee and conformed to the principles of the World
Medical Association’s Declaration of Helsinki (1983). Players from the team that regularly
missed strength training sessions due to injury or illness across the season were excluded
from analysis, resulting in the sample size of 12.

Design

This study used a repeated measures observational design to identify the changes in strength,
power and speed of English county cricketers across the English county season. The sprint 20
m distances represented the short sprints performed when running between the wickets (17.68
m), with CMJ height selected as an indicator of lower body power. The three repetition
maximum (3RM) back squat test was selected as a measure of lower body strength. Testing
was performed at the start of the off-season training period (week 1), at the end of pre-season
(week 20), in-season (week 36), and at the end of the season (week 46). Strength testing was
not performed for the mid-season testing (i.e. week 36) due to restrictions made by technical
coaches due to the high volume of fixtures.

All subjects were instructed to arrive at each session as they would to training, in a fed and
hydrated state, in an attempt to standardize the athletes’ status prior to each testing session.
None of the subjects were injured during the testing period. The subjects were familiar with
all of the tests completed as they formed part of the normal monitoring at the cricket club. All
speed and jump tests were performed on an indoor cricket surface which the subjects were
accustomed to training and testing on. Subjects were from the same club, as in a previous
study by Carr et al,'" in which they performed the jump and sprint tests incorporated in the
current study. The CMJ and 20 m sprint tests were found to be reliable both within-session
(ICC = 0.987 and 0.964, respectively) and between-sessions (ICC = 0.966 and 0.923,
respectively).

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Page 4 of 17



Page 5 of 17

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

220

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

International Journal of Sports Physiology and Performance

Methodology

The subjects performed the tests in the following order: CMJ, 20 m sprints, strength testing.
Each testing session was conducted at the same time of day, >48 hours after any previous
training or competition. Testing was conducted in small groups to increase the level of
competition and aid in the motivation of the players to aid in ensuring maximal effort.

Jump Tests

Prior to the CMJ, subjects undertook a standardized 5 minute non-fatiguing dynamic warm-
up, including mobilisation exercises and various jumping activities. All subjects performed 3
trials with 2 minutes recovery time between each trial. The best performance of the 3 trials
was reported for comparison between testing sessions.

The subjects were required to keep their hands on their hips throughout each jump trial to
eliminate the facilitative use of the arms. Jump height was assessed using a portable jump mat
(Fit Tech, Australia), which calculated jump height from flight time. Flight time was defined
as the period between the instants of take-off and subsequent ground contact upon landing.
This time was then used in the equation of uniform acceleration (A) to determine jump
height:

_ 9.81xFT*
8

JH (A)

Where JH = jump height and FT = flight time

Sprint Tests

The subjects undertook a standardized 10 minute warm-up which included activation and
mobilisation exercises in addition to sprint drills and progressive sprints. The subjects
performed three sprints each, with 2.5 minutes rest between each trial. The time taken to run
20 m was measured using Brower timing gates (Draper, Utah, USA). The subjects started 0.5
m behind the first timing gate at 0 m, using a two point stationary start. There was a 20 m run
off after the final timing gate to reduce the possibility of the subjects decelerating early, with
the lead investigator visually checking that each subject attempted to accelerate through the
entire 20 m. The best of three trials was reported for comparison between testing sessions.

Strength Tests

The subjects performed a standardized barbell warm-up which included squat and lunge
variations. Subjects then performed three warm-up sets of 5, 3, and 2 reps at 50%, 75%, and
90% of the target load, respectively. They then performed a 3RM back squat set, with 1RM
back squat performance subsequently predicted using the Brzycki equation.21 If the subject
exceeded 3 repetitions they rested for 3-5 minutes before repeated the set at a heavier load,
with increments of 2.5-5.0 kg dependent on the individual’s previous performance. Whilst
this method is an estimation of maximal strength calculated using a regression, it has been
shown to be an accurate method of predicting IRM back squat performance.”” The 3RM back
squat protocol was selected to reduce the risk of musculoskeletal injury, particularly as the
subjects did not perform regular maximal strength training. Predicted 1RM values were then
calculated and expressed as relative measures (predicted IRM / body mass) to take into
account any changes in body mass across the season.
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Strength Training

Strength training programmes were split into phases (Tables 1-4), with the repetition volumes
designed as a range, depending on the players’ role and training age. Strength training
sessions were performed twice per week during the off-season period (weeks 1-14), then once
per week during pre-season (weeks 15-20) and the competitive season (week 21 onwards).
The in-season strength programme (Table 4) was performed from week 19, except for week
20, when the session was replaced by strength testing (T2). However, adherence to the
programme declined noticeably from week 24. Training frequency was one session per week
(100% adherence) until week 24, then approximately one session per month (25% adherence
rate) between weeks 24 and 46. Due to lack of adherence to the program, program content
remained unchanged between weeks 24 and 46.

Subjects also performed a small volume of sprint technique training integrated into their
warm ups prior to skill based training. Additionally ~20 minutes of maximal aerobic speed
(MAS) training at 110-120% MAS was conducted once per week prior to a skill based
training sessions, across the duration of the study.

**INSERT TABLES 1-4 ABOUT HERE**

Statistical Analyses

Normal distribution was assessed using Shapiro-Wilk’s test of normality. Repeated measures
analysis of variance (RMANOVA), with Tukey least significant difference (LSD) post-hoc
analysis used to determine differences in CMJ and strength data across time points.
Friedman’s test, with multiple Wilcoxon signed ranks tests and Bonferroni correction, was
performed to compare sprint performances across time points. SPSS software (version 20.0,
IBM) was used in all of the above calculations. Data is presented as percentage change
including 90% confidence intervals (CI). Additionally, effect sizes (ES) were calculated
using Cohen’s d and interpreted by the criteria proposed by Rhea.*® The subjects in this study
were considered as recreationally trained as they had been training consistently for between 1
and 5 years and demonstrated low relative strength levels, therefore effect sizes were
interpreted as follows; large as >1.5, moderate as 0.80-1.50, small as 0.35-0.80, and trivial as
<0.35.

RESULTS

There were no significant (P > 0.05) changes in body mass across the season (Table 5). CMJ
performance decreased significantly (P < 0.001, Power = 0.87) across time points with
Tukey’s LSD pairwise comparison revealing a small yet significant improvement between T1
and T2 (5.2%, 90% CI = 4.25-6.15, P =0.037, ES = 0.42) and a small but significant decline
between T2 and T4 (4.3%, 90% CI = 3.22-5.30, P = 0.023, ES = 0.40) (Table 5). Sphericity
was assumed via Mauchley’s test (P > 0.05).

**INSERT TABLE 5 ABOUT HERE**

Human Kinetics, 1607 N Market St, Champaign, IL 61825

Page 6 of 17



Page 7 of 17

299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347

International Journal of Sports Physiology and Performance

Sprint performances decreased significantly (P < 0.001, Power = 0.82) between testing
sessions, with Wilcoxon’s test revealing small to moderate and significant declines in
performance between T2 and T3 (2.3%, 90% CI = 1.67-2.99, P = 0.024, ES = 0.61), and T2
and T4 (4.0%, 90% CI =2.93-5.07, P =0.012, ES = 0.94) (Table 5).

Lower body strength (3RM back squat) changed significantly (P < 0.001, Power = 0.99)
between testing sessions, with Bonferroni post-hoc analysis showing a small but significant
increase occurred between T1 and T2 (12.9%, 90% CI = 9.91-15.89, P = 0.005, ES = 0.53),
and a small yet significant decrease between T2 and T4 (14.2%, 90% CI = 11.16-17.24, P =
0.001, ES = 0.72) (Table 5). Similarly relative strength (predicted 1RM / body mass)
demonstrated significant differences (P < 0.001, Power = 0.99) between testing sessions, with
Bonferroni post-hoc analysis identifying a small but significant improvement between T1 and
T2 (15.7%, 90% CI = 12.47-18.93, P = 0.004, ES = 0.69), and a small yet significant decline
between T2 and T4 (15.0%, 90% CI = 12.01-17.99, P =0.001, ES = 0.77) (Table 5).

DISCUSSION

As hypothesized, strength, jump and sprint performances all improved between the start of
the off-season and end of the pre-season period (T1-T2) (Table 5), although the small
improvement in sprint performance was not statistically significant (P > 0.05). Additionally,
as hypothesized, 3RM strength (14.2%, 90% CI = 11.16-17.24%), relative strength (15.0%,
90% CI = 12.01-17.99%), CM1J height (4.3%, 90% CI = 3.22-5.30%), and sprint (4.0%, 90%
CI =2.93-5.07%) performances subsequently declined between the end of pre-season and the
end of the competitive season (T2-T4) (Table 5). Body mass did not differ significantly
across the season and therefore is unlikely to have influenced any of the performance
variables.

A study with a similar protocol investigated the effect of detraining in the handball season."’
Subjects performed resistance training during pre-season for a period of 12 weeks, over
which sprint performance, loaded and unloaded CMJ height, and ball throw speed improved.
Resistance training was then discontinued for a period of 7 weeks. The authors reported no
significant decline in CMJ or sprint performance, but a significant decline in ball throw
speed. The reason for no significant decline in sprint and CMJ performance could have been
due to the volume of sprinting and jumping performed during competitive play in handball
which may have served as a sufficient in-season force and power stimulus for maintaining
sprint and jump performances for this cohort. Additionally, this detraining period was only 7
weeks in length and so a significant decline may have been observed over a longer detraining
period, similar to that of the current study which saw a decline in CMJ performance after 16
weeks of the competitive season.

Resistance training performed over a competitive lacrosse season (24 weeks) of similar
length as the current study (26 weeks) elicited improvements in sprint and change of direction
performance.”* The subjects had similar anthropometric and strength characteristics to those
in the present study, therefore, had resistance training continued over the course of the county
cricket season, similar findings may have been observed. However, differences in resistance
training between groups may have affected the results. Another factor to be considered is that
in the study by Thomas et al** competitive matches occurred on one day per week
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throughout the study period, rather than the five days in the current study, allowing more time
to perform non-game specific training.

Researchers have shown that the session design of in-season resistance training is also
important to ensure maintenance or development of specific athletic attributes.'™*>** Studies
have observed that prolonged periods of training at low-moderate intensity do not prevent a
decline in strength levels.”> Training at low volumes for a prolonged period may trigger a
decrease in lean body mass, power, and speed.”’ This is supported by the findings of the
current study. Maintaining the intensity of strength training is also essential in the
maintenance or development of strength and with the underlying influence of strength on
sprint and jump performance, this must be considered when designing an in-season
programme. Moreover, conclusions of a meta-analysis were that the optimum intensity for
maximal strength gains is 85% IRM.*

Training at half the volume and frequency of pre-season training, but maintaining 80-90%
1RM intensity was enough to maintain strength at near pre-season levels for 10 weeks across
an American football season.”® Sprint and vertical jump performance also improved. This
suggests that the in-season programme in the current study may have been effective if
adhered to. However, one methodological concern with this study was the very short pre-
season period of only 2.5 weeks.”® This, and the community college standard of the athletes,
means their capacity for adaptation may be much greater than athletes with a longer training
history and a longer pre-season period. Collegiate athletes typically participate in other sports
and so the college-level athletes observed in the aforementioned study may well have been
training for another sport which may have also contributed to the observed performance
results.

Research has shown the importance of variation in training stimuli. Studies investigating the
effect of high force and high power resistance training methods on strength and power levels
suggest that both methods can be ineffective when used alone and over a prolonged period.*”
830 Newton et al.”® observed no improvements in jump height in elite volleyball subjects
after performing heavy slow resistance training over the pre-season period. The same
research group found that the addition of ballistic training stopped the decline in jump
performance which occurred whilst performing exclusively heavy slow resistance training.
However, performing explosive resistance training exclusively was not sufficient to maintain
maximum and explosive strength in female volleyball players.?’

Other research has shown that a varied program may be most effective training method. !
Harris et al.*® observed greater benefits from using a combined programme than high force or
high power programmes in three groups of previously trained men. Marques et al.'® observed
an improvement in lower body strength and CMJ height over a 12 week volleyball season,
with session volumes and intensities varied between 3 sets of 3-6 repetitions at 50-80% 4RM.
These sessions included loaded jumping drills that the subjects had not previously performed,
which may account for the improved performances. Whether this intensity is sufficient to be
the cause for the observed improvements is questionable. The training effect may have
derived from the combination of moderate intensity resistance training and plyometric
training, or the novel training stimulus provided by the loaded jumping exercises.

This type of programme provides a simple way to introduce variation into athletes’

programmes. With regard to its potential application to cricket, it must be taken into
consideration that this programme was designed for rugby which requires maintenance of
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hypertrophy over the competitive season. Whilst the variation in this protocol could be
useful for cricket athletes, hypertrophy, particularly in the upper body of fast bowlers, may
not be beneficial or, therefore, desired.*” Keeping repetitions lower and maintaining intensity
has been shown to elicit strength gains with less hypertrophy.**~°

Due to the unique demands and fixture scheduling in cricket, further research should be
conducted investigating the efficacy of varied in-season strength training protocols. Research
in basketball has shown that a training frequency of two sessions per week is effective at
maintaining strength levels for up to 6 months,*® with research in other sports showing
similar ﬁndings.zo’ ** However, one session per week has been shown to be effective at
preventing a significant decline in strength, sprint and jump performance over 12 weeks if the
intensity of the session is equal to at least 4RM (~90% 1RM)." 1t is difficult to determine
whether these findings would occur over a longer period, therefore, training frequency may
be a key factor to investigate further, given the limited time opportunities available during the
competitive cricket season.

PRACTICAL APPLICATIONS

The results of this study show that the physical demands of the English county cricket season
alone are not enough to maintain pre-season strength, jump and sprint performance. Findings
from research in a number of other sports show that performing regular resistance training
can not only maintain, but improve pre-season levels of strength across a competitive season.
Coaches should implement a time-effective resistance training strategy in-season, adopting a
varied wave-like periodization. Based on research findings, programmes should maintain a
minimum intensity (= 80% 1RM) usually associated with strength training and a minimum
frequency of one session per week, but ideally two sessions week, depending on the
competition schedule.

CONCLUSIONS

Both the demands of the competitive English county cricket season and current in-season
training practices undertaken by these county cricketers do not provide a sufficient stimulus
to maintain pre-season levels of strength, jump and sprint performance across this period. It is
therefore suggested that county cricket players include >1 strength training session per week,
incorporating compound movements at loads >80% 1RM.
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605 Table 1. Example of training program during the General Preparation Phase 1 (Weeks 1- 6)

Session 1 | Sets x Reps | Session 2 | Sets x Reps

60-70% 1RM 60-70% 1RM

Back Squat 3 x6-10 Overhead Squat 3 x6-8
Romanian Deadlift 3 x6-10 Mid-Thigh Clean Pull 3 x6-8
Hip Thrusts 3 x6-10 Hip Thrusts 3 x6-10
Close Grip Pull Ups 3 x8-10 Wide Grip Pull Ups 3 x8-10
Weighted Press Ups 3 x6-8 Behind Neck Press 3 x5-8

606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648

Human Kinetics, 1607 N Market St, Champaign, IL 61825



649
650
651
652
653
654
655
656
657
658

659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700

International Journal of Sports Physiology and Performance

Table 2. Example of training program during General Preparation Phase 2 (Weeks 7-14)

Session 1 | Sets x Reps | Session 2 | Sets x Reps
80-85% 1RM 75-80% 1RM

Back Squat 3x5-8 Overhead Squat 3 x5-6

Romanian Deadlift 3 x5-8 Mid-Thigh Power Clean 3 x4-5

Hip Thrusts 3x5-8 Hip Thrusts 3x5-8

Close Grip Pull Ups (Weighted) 3 x 4-6 Prone Bench Pull 3 x5-6

Weighted Press Ups 3x4-6 Push Press 3x4-6
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701
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709 Table 3. Example of training program during Specific Preparation Phase1 (Weeks 15-18)
710

Session 1 | Sets x Reps
60-80% 1RM

Power Clean 3 x4-5

Back Squat 3 x5-6

Hip Thrusts 3x4-6

Romanian Deadlifts 3 x5-6

Close Grip Pull Ups (Weighted) 3 x4-5
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Table 4. Example of in-season (Competition Phase) training program (Week 19 onward)

Session 1 | Sets x Reps
70-90% 1RM

Power Clean 3x3

Back Squat 3x3-5

Romanian Deadlifts 3x5

Close Grip Pull Ups (Weighted) 3x3
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Table 5. Descriptive statistics (means % standard deviations) for body mass, jump, sprint, and strength

testing results across the testing period.

T1 T2 T3 T4
Body Mass (kg) 84.3+9.9 84.0%9.3 83.8+09.2 83.6%95
CMJ (cm) 42359 445+ 4.5° 435+ 42" | 426%50"*
Sprint (s) 3.060.15 3.00:011 | 3.07£0.12" | 3.12+0.13"*
3RM (kg) 97.1+259 | 109.6 215 94.0 £ 21.6"
1RM (kg/kg) 1.27 £ 0.30 1.47 £ 0.28" 1.25 £ 0.29"*

* Significant increase in performance between T1 and T2

** Significant decrease in performance between T2 and T3
*** Significant decrease in performance between T2 and T4
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