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Abstract

Study aim: This study aimed to examine the effects of a six-week complex-contrast training (CCT) intervention on the physical 
fitness of male field hockey athletes. 
Material and methods: Participants were randomized into a CCT (n = 8) or control (CG; n = 6) group. Physical fitness was 
assessed pre- and post-six-week intervention using a 30 m linear sprint test, medicine ball throw, standing long jump (SLJ), 
countermovement jump with arm swing (CMJA), modified T-test (MAT), and unilateral isokinetic maximal strength test (knee 
flexion and extension) of both legs. The six-week CCT intervention was integrated as three weekly sessions within the sport-
specific training schedule of field hockey athletes. Each session included four contrast pair exercises (e.g., squat + squat jump). 
ANCOVA with baseline scores as a covariate was used to analyze the specific training effects. 
Results: Significant differences between CCT and CG were observed in the 30 m sprint, CMJA, MAT, and isokinetic strength 
(p < 0.001–0.013) after the intervention, favoring the CCT group. Further, post-hoc analyses revealed significant pre to post 
improvements in all dependent variables for the CCT group (p < 0.001–0.001; effect size [g] = 0.28–2.65; %Δ = 3.1–16.3), but 
not in the CG (p = 0.169–0.991; g = 0.00–0.32; %Δ = 0.0–2.6). 
Conclusion: Supplementing regular field hockey training with CCT is recommended as an effective training strategy to im-
prove the performance of linear sprints, vertical jumps, changes of direction, and muscle strength in amateur male field hockey 
athletes.

Keywords: Plyometric exercise – Human physical conditioning – Resistance training – Muscle 
strength – Exercise – Athletic performance

Introduction

Field hockey is a high-intensity team sport character-
ized by bouts of intermittent activity that require players 
to perform repeated short sprints, tackles, ball strikes, ac-
celerations, decelerations, and changes of direction during 
matches [14, 24]. Quantifying the workload of such activi-
ties during competitive field hockey matches also enables 
the differentiation of athletes’ playing level. For example, 

international athletes performed 42% more high-speed 
running compared to national-level athletes [20]. Moreo-
ver, to improve performance in these activities athletes 
must be able to exert high forces at high velocities [10]. 
Therefore, appropriate training strategies, particularly 
those aimed at improving force – and power-generation 
capabilities, are required to improve key physical compo-
nents of field hockey players [41].

To train the force and power capabilities of athletes, 
the combination of resistance and plyometric exercises 
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in a single session (i.e., complex training) may be a time-
efficient strategy and can produce greater neuromuscular 
adaptions compared to a  single training mode [12]. In-
deed, a recent survey [42] reported that complex training 
was commonly employed by strength and conditioning 
coaches for prescribing resistance and plyometric exer-
cises in professional soccer. To prescribe complex train-
ing there are four potential exercise sequences, 1) contrast 
training (CCT; resistance exercise followed by plyometric 
exercise in a set-by-set fashion (e.g., 85% one repetition 
maximum [1RM] squat immediately followed by a  bio-
mechanically similar low-load (high-velocity]), 2) ascend-
ing training (plyometric exercise sets completed before 
resistance exercise sets), 3) descending training (resist-
ance exercise sets completed before plyometric exercise 
sets), and 4) French contrast (a subset of contrast training 
where heavy resistance exercise and plyometric exercise 
is performed first and then light to moderate resistance ex-
ercise and plyometric exercise is performed after) [12]. Of 
these, the more effective strategy for athletic development 
(e.g., sprinting, vertical jump, change of direction) in team 
sports seems to be CCT [13].

Furthermore, the use of exercises with contrasting loads 
in CCT promotes multi-modal adaptations throughout both 
ends of the force-velocity curve, required for the demands 
of field hockey [17]. This is achieved by including force 
(e.g., heavy resistance) and velocity (i.e., plyometric) 
dominant exercises within a single session. Furthermore, 
CCT may enhance the potentiation effect (e.g., increased 
motor unit recruitment) of performing a high load activity 
before a lower load one, generally termed post-activation 
performance enhancement (PAPE) [5, 29,  37]. Alterna-
tively, one mechanism that may also be responsible for 
improvement through CCT is post-activation potentiation, 
which is defined as the enhancement in the muscle force 
(up to ~28 seconds) due to phosphorylation of the myosin 
light chain in type II fibers [5, 29, 30]. 

Aside from the aforementioned acute responses of 
CCT as a  rationale, this training method is also effec-
tive in improving the physical fitness of athletes across 
different sports (e.g., soccer, handball, physically active 
adults) [8, 38, 39]. However, differences in physiological 
demands between field hockey to other team sports (e.g., 
soccer; handball) [36] preclude any confirmation of favo-
rable effects from CCT to field hockey athletes. Indeed, 
there is limited and contrasting evidence regarding the ef-
fects of resistance training or plyometric training on the 
physical fitness of field hockey athletes [4]. For example, 
one study [28] reported that youth field hockey athletes 
(aged 12–14 years) improved their physical fitness (e.g., 
10–30 m sprint time, CMJ height) following a  six-week 
plyometric intervention compared to a control group. Sim-
ilarly, another study [32] observed improvement in body 
composition, aerobic fitness, anaerobic fitness, strength, 

agility, and field hockey-specific performance after six-
week of sprint-strength and agility training. In contrast to 
the aforementioned studies, an observational study report-
ed a decreased 1RM squat (–14%) and bench press (–10%) 
among female field hockey athletes (aged ~20 years) from 
pre- to post-season [2]. The decrease in performance was 
observed even when athletes completed pre-season and 
in-season conditioning programs including speed, agility, 
and plyometric training two days per week, in addition to 
periodized upper-body and lower-body strength training 
three days per week [2]. 

Therefore, given the limited and contrasting evidence 
regarding the use of strength training (i.e., resistance or 
plyometric training) methods to improve the physical fit-
ness of field hockey athletes, this study aims to compare 
the effects of a six-week CCT intervention on the physical 
fitness of field hockey athletes vs. a control group (CG, i.e., 
regular field hockey training similar to CCT group). Based 
on the available literature [12, 27, 39, 40], we hypothe-
sized that CCT would result in significant improvements 
in physical fitness (i.e., 30 m linear sprint time, medicine 
ball throw [MBT] distance, standing long jump [SLJ] dis-
tance, countermovement jump with arm swing [CMJA] 
height, modified agility T-test [MAT]) time, and unilateral 
isokinetic maximal strength test (knee flexion and exten-
sion) of both legs compared to a control condition.

 Materials and methods

This study was designed following the international 
guidelines for quality-based randomized controlled trials 
in the field [3, 26, 35]. 

Participants
The required sample size to conduct the study was es-

timated using statistical software (G*power; University 
130 of Düsseldorf, Düsseldorf, Germany). The following 
variables were included in the a priori power analysis for 
within-between interaction in repeated measures ANOVA: 
study design, two groups; two measurements; alpha error 
< 0.05; nonsphericity correction = 1; correlation between 
repeated measures = 0.5; desired power (1-ß error) = 0.80; 
effect size (f) of 0.73 based on a previous study that in-
vestigated the effects of six-week CCT in amateur soccer 
players (i.e., similar to field hockey) on linear sprint [7].

The results of the a priori power analysis indicated that 
a  minimum of 4 participants would be needed for each 
group to achieve statistical significance for the main de-
pendent variable of the study (i.e., linear sprint perform-
ance). Accordingly, 14 male participants were recruited 
for this study, with a slightly higher number of participants 
than recommended in case any participants dropped out. 
Eligibility criteria for this study required participants to 
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1)  be competitive field hockey athletes who represented 
the university team at inter-university competitions, 2) be 
actively participating in field hockey for a  minimum of 
five hours per week, 3) had a  minimum of one year of 
resistance training experience, with correct technique to 
perform squats, deadlifts, lunges and bench press resist-
ance training exercises, and 4) be free from lower limb 
injuries for at least six months before the study. Partici-
pants were randomly assigned (using randomization tool; 
www.randomizer.org) to CCT (n = 8) or a control group 
(CG; n = 6). A slightly higher number of participants were 
further assigned to the CCT group considering potential 
dropouts due to the intervention (e.g., not completing the 
assigned number of CCT sessions). Participants within 
each group possessed similar anthropometric characteris-
tics (Table 1). The potential risks and benefits of this study 
were explained to the participants before the study. There-
after, informed consent forms were signed by participants. 
The internal review board of Rashtriya Raksha University 
approved this study.

Procedures
Participants performed three familiarization sessions 

including CCT exercises and two familiarization sessions 
for the testing procedures undertaken one and two weeks 
before baseline testing, respectively. Demographic data 
were collected and 1RM tests were performed at least one 
week before baseline testing during familiarization ses-
sions, including squat, barbell lunges, Romanian deadlift, 
and bench press, with results used for training prescription 
purposes (for more details, refer to the training interven-
tion section of the manuscript). Participants were asked to 
refrain from any strenuous activity 24 hours before testing, 
to eat a habitual meal, and refrain from consuming caffeine 
three hours before testing. A two (within-subject; pre-post) 
by two (between-subjects; CCT, CG) randomized design 
was used to compare the effects of the CCT training inter-
vention on linear sprint time, MBT distance, SLJ distance, 
CMJA height, MAT time, and unilateral isokinetic maxi-
mal strength test (knee flexion and extension) of both legs. 
Pre-post measurements were performed at similar times 
during the day for all participants to minimize circadian 
effects, with 30 m linear sprint time, MBT, SLJ, CMJA 

height, and MAT conducted on day one (6:00–8:00 AM), 
and isokinetic testing conducted on a separate day (24–72 
h after day one) at 2:30–5:30 PM. The sequence of testing 
order was the same for all the participants. Upon arrival 
for testing, participants underwent a  10-minute general 
warm-up procedure. For the outdoor assessments during 
baseline and post-intervention assessments, the tempera-
ture, humidity, and wind velocity ranged from 28–31°C, 
15–65%, and 0–10.8 km  ·  h–1, respectively. The CON-
SORT flow diagram is provided in Figure 1.

Load measurement for training prescription
Before the start of the training intervention, 1RM as-

sessments were conducted according to the methods out-
lined in a  previous study [15]. Before each assessment 
a  10-minute general warm-up was conducted, including 
jogging, dynamic stretching, and body mass-based ex-
ercises (e.g., freehand squat, walking lunges, push-ups). 
Afterward, a short specific warm-up consisting of five to 
10 repetitions with a load of 40–60% as well as three to 
five repetitions at 60–80% of the estimated 1RM was per-
formed. Thereafter, the load was gradually increased in 
steps of 10 kg or less to achieve the 1RM within a maxi-
mum of five attempts. The rest between 1RM attempts was 
four minutes. The 1RM obtained for squat, lunges, Roma-
nian deadlift, and bench press were 94 ± 7 kg, 53 ± 6 kg, 
78 ± 10 kg, and 66 ± 12 kg, respectively. No 1RM data 
was collected for the CG. 

Training intervention
As per the recommendations of Cormier & colleagues 

[12] and based on a previous study [23], biomechanically 
similar exercises were selected for the contrast pairs used 
in the CCT: 1) squat with CMJ, 2) Romanian deadlift with 
kettlebell swing, 3) lunge with barbell high knees, and 4) 
bench press with plyometric push-up. The CMJ and plyo-
metric push-ups were performed using the participant’s 
body mass without external resistance, kettlebell swings 
with 10–20 kg, and barbell high knees with a 20 kg Ol-
ympic barbell. The participants were asked to perform 
both the high-load and low-load activities with the inten-
tion (i.e., effort) to attain maximal velocity in every rep-
etition. The low-load activity was performed immediately 

CCT (n = 8) CG (n = 6) p-value*
Age (yrs) 20.6 ± 1.5 21.7 ± 1.6 0.240
Height (cm) 171.3 ± 8.3 168.5 ± 4.7 0.482
Body mass (kg) 61.8 ± 7.9 65.0 ± 2.6 0.363
Field hockey training experience (years)# 2.3 ± 1.4 3.8 ±1.5 0.062

Table 1.  Demographic characteristics of participants of the complex-contrast training (CCT) and control groups (CG)

* – independent t-test between groups; # – field hockey training experience at university.
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after (≤30 s) the high-load activity, with one-minute rest 
provided between consecutive sets, two minutes between 
contrast pairs (i.e., between squat with CMJ and Romani-
an deadlift with kettlebell swings), and ≥48 hours between 
sessions. Both the CCT group and CG were involved in 
regular field hockey training with morning sessions fo-
cused on strength and conditioning, and evening sessions 

focused on sport-specific technical-tactical aspects. The 
experimental group replaced three standard morning train-
ing sessions per week at the gym with CCT (for a  total 
of 18 CCT sessions; Table 2), while the CG underwent 
regular conditioning sessions focused on the improvement 
of physical fitness (e.g., speed, agility, repeated sprint 
ability, aerobic endurance), and did not participate in any 

Figure 1.  Schematic of the study design

High-load resistance activity Low-load high-velocity activity
Exercise Sets × reps Exercise Sets × reps

Weeks 1–2
65% 1RM

Squat 3 × 15 Squat jump 3 × 6
Romanian deadlift 3 × 15 Kettlebell swing 3 × 10

Barbell lunge 3 × 15 Barbell high knees 3 × 15 sec
Bench press 3 × 15 Plyo-push up 3 × 6

Weeks 3–4
75% 1RM

Squat 3 × 10 Squat jump 3 × 8
Romanian deadlift 3 × 10 Kettlebell swing 3 × 10

Barbell lunge 3 × 10 Barbell high knees 3 × 20 sec
Bench press 3 × 10 Plyo-push up 3 × 8

Weeks 5–6
85% 1RM

Squat 3 × 6 Squat jump 3 × 10
Romanian deadlift 3 × 6 Kettlebell swing 3 × 10

Barbell lunge 3 × 6 Barbell high knees 3 × 25 sec
Bench press 3 × 6 Plyo-push up 3 × 10

Table 2.  Protocol for complex-contrast training intervention

1RM – one repetition maximum; reps – repetitions.
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resistance or plyometric training sessions. The overall 
training volume during the six-week duration was similar 
between both groups. 

Assessment protocols

30-m linear sprint test
Linear sprint protocols were adapted from methods 

outlined in a previous study [34] and conducted on an out-
door synthetic track. Participants were instructed to stand 
behind a marked line with a self-selected leg forward and 
start only after the command of the assessor. Two inde-
pendent assistants who were not part of this study were 
recruited as timekeepers [between timekeepers interclass 
correlation coefficients (ICC) was 0.99] and assigned to 
record the timing of each trial using a hand stopwatch (Ca-
sio S053 HF-70W-1DF, Casio Computer Co., Ltd., Tokyo, 
Japan). The times recorded by the two timekeepers were 
averaged for analysis. Three trials were conducted with 
with a  minimum work:rest ratio of 1:12 between trials, 
and the fastest trial was selected for analysis. The ICC for 
test-retest reliability was 0.80 (95% confidence interval 
[CI]: 0.87–0.96).

Medicine ball throw
Participants stood on the start line with feet shoulder-

width apart. Thereafter, participants threw a 3 kg medicine 
ball backward overhead. The distance between the start 
line and the first contact of the ball was measured using 
a standard measuring tape. Two trials were conducted with 
a rest period of three-minute between trails, and the fur-
thest throw was selected for analysis. The ICC for test-
retest reliability was 0.88 (95% CI: 0.64–0.96).

Standing long jump
The protocol was adapted from methods outlined in 

a previous study [33] and conducted on a  synthetic out-
door track. Participants stood behind a marked start line 
with feet slightly apart and were instructed to swing their 
arms and perform a  countermovement to a  self-selected 
depth before taking off and landing with both legs. Ver-
bal encouragement was provided to jump as far as pos-
sible. The measurement was recorded from the start line 
to the nearest point of contact on the landing (i.e., back of 
the heels). Three jumps were performed with one-minute 
rest between jumps, and the longest jump was selected for 
analysis. The ICC for test-retest reliability was 0.96 (95% 
CI: 0.87–0.99).

Countermovement jump with arms swing
An inertial moment sensor (BTS G-walk, Italy) was 

used to measure the vertical jump height during CMJA. 
A pilot study reported the sensor to be valid and reliable 
(concurrent to MyJump 2 [ICC = 0.96, r = 0.973, mean 

difference = 0.2 ± 1.3, t test p = 0.550]) to measure the 
CMJ height. The sensor was placed on the lower back us-
ing a belt with the center of the device at the fifth lumbar 
vertebrae. Participants stood with feet slightly apart and 
were instructed to swing their arms and perform a coun-
termovement to a self-selected depth before taking off and 
landing with both legs. Knee flexion was not permitted 
during the flight phase of the jump. Three trials were per-
formed with one-minute rest between jumps, and the high-
est trial was selected for analysis. The ICC for test-retest 
reliability was 0.87 (95% CI: 0.60–0.96).

Change of direction speed
The MAT was used to determine the speed with direc-

tional changes, including forward sprinting, left and right 
shuffling, and backward running. The protocol was adapt-
ed from methods outlined in a previous study (Figure 2) 
[31]. Two independent assistants who were not part of this 
study were recruited as timekeepers (between timekeepers 
ICC was 0.99) and assigned to record the timing of each 
trial using a hand stopwatch (Casio S053 HF-70W-1DF, 

Figure 2.  The configuration of the modified version of 
the agility T-test was used to assess change-of-direction 
speed time. Cones at a  height of 0.64 m were placed at 
points A, B, C, and D with participants being instructed to 
sprint from A to B, perform a 90˚ turn from cone B towards 
cone C, then perform a  180˚ turn at cone C towards cone 
B, before performing a  weave at cone B towards cone D, 
then performing a 180˚ turn at cone D towards cone B, and 
finally a 90˚ turn to the start/finish line. The participants were 
required to turn/weave around the cones without touching 
them. Trials were discarded if the cones were displaced while 
changing direction with participants being required to repeat 
the trial after 3 min of rest (i.e., standing/walking slowly). 
The participants completed the test with their back always 
facing the start-finish line 

Note: black dotted line denotes the pattern of movement during the 
test.
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Casio Computer Co., Ltd., Tokyo, Japan). The average 
time recorded by both timekeepers was used for analysis. 
Three trials were performed with three-minute rest be-
tween trials, and the fastest trial was selected for analy-
sis. The ICC for test-retest reliability was 0.99 (95% CI: 
0.98–0.99).

Isokinetic strength tests
The tests were conducted on a  validated HUMAC 

NORM isokinetic dynamometer (Computer Sports Medi-
cine Inc., Stoughton, USA) [16]. A  general 10-minute 
warm-up was completed before the test which included 
jogging and dynamic stretching of the lower limbs. There-
after, participants sat on the machine’s chair, with the axis 
of rotation of the dynamometer arm aligned with the axis 
of rotation of the knee. The ‘Knee Extension/Flexion’ test 
was selected to be performed with isokinetic ‘CONC/
CONC’ mode, i.e., all knee extension and flexion move-
ments involved concentric actions. The right side was al-
ways selected first across all testing sessions. The test pro-
tocol included a set of six repetitions at 60°/seconds. Two 
sets were completed for each leg with one minute of rest 
between sets. Verbal instructions were provided to push 
and pull as hard and fast as possible throughout the full 
range of motion. Furthermore, the screen was positioned 
so participants could see real-time feedback on their effort. 

Two sets were performed and the highest peak torque val-
ue obtained was selected for analysis. The ICC for test-
retest reliability was 0.99 (95% CI: 0.95–0.99) for right 
knee extension, 0.97 (95% CI: 0.92–0.99) for right knee 
flexion, 0.99 (95% CI: 0.98–0.99) for left knee extension, 
and 0.98 (95% CI: 0.92–0.99) for left knee flexion.

Statistical analyses
The analyses were conducted using IBM SPSS ver-

sion 20.0.0 (IBM, New York, USA). Data are presented 
as means and standard deviations. Data normal distribu-
tion and its homogeneity of variance was verified using 
the Shapiro-Wilk test and the Levene’s test for equality of 
variances, respectively. ANCOVA with baseline scores as 
a covariate was used to analyze the exercise-specific ef-
fects. For significant differences, post-hoc pairwise com-
parisons were conducted to find which group was favored. 
Within group, changes were analyzed using a paired t-test. 
Percentage change scores were also calculated for each 
variable in each group using the equation in Microsoft Ex-
cel: [(meanpost – meanpre) / meanpre] × 100. Effects sizes 
(ES) in the form of partial eta squared (ηp

2) were used 
from ANCOVA output. Hedge’s g deriving from paired 
t-tests were calculated to assess changes between pre-post 
measurements testing for each group. The magnitude of 
effects for ηp

2 was interpreted as small (<0.06), moderate 

Complex-contrast training group (n = 8) Control group (n =6) ANCOVA
Pre-test Post-test p-value [g]

Magnitude
Pre-test Post-test p-value [g]

Magnitude
p-value [ηp

2]
MagnitudeMean ± SD Mean ± SD

30 m sprint [s] 4.83 ± 0.15 4.68 ± 0.16
<0.001 [0.91]

Moderate
4.80 ± 0.33 4.76 ± 0.27

0.264 [.12]
Trivial

0.013 [0.44]
Large

Medicine ball throw [m] 9.76 ± 0.84 10.31 ± 0.89
<0.001 [0.60]

Small
9.77 ± 0.46 9.95 ± 0.61

0.169 [.31]
Small

0.057 [0.29]
Large

Standing long jump [m] 2.35 ± 0.13 2.46 ± 0.14
0.001 [0.77]

Moderate
2.20 ± 0.15 2.22 ± 0.19

0.404 [.19]
Trivial

0.141 [0.19]
Large

Countermovement jump 
with arms swing [cm]

36.4 ± 2.4 41.2 ± 3.5
<0.001 [1.52]

Large
38.0 ± 3.1 37.1 ± 2.4

0.355 [.32]
Small

0.003 [0.57]
Large

Change of direction speed 
(MAT) [s]

6.39 ± 0.30 5.35 ± 0.43
<0.001 [2.65]

Very large
6.30 ± 0.35 6.30 ± 0.34

0.991 [.00]
Trivial

<0.001 [0.73]
Large

PT knee extension (right) 
[N · m] 

143.3 ± 58.1 160.1 ± 59.6
<0.001 [0.27]

Small
170.2 ± 23.5 170.5 ± 23.3

0.853 [.01]
Trivial

<0.001 [0.81]
Large

PT knee extension (left) 
[N · m]

149.4 ± 48.7 164.4 ± 51.3
<0.001 [0.28]

Small
157.0 ± 31.4 157.5 ± 30.6

0.830 [.01]
Trivial

0.001 [0.67]
Large

PT knee flexion (right) 
[N · m] 

90.4 ± 24.0 98.9 ± 26.3
<0.001 [0.32]

Small
91.2 ± 21.5 91.5 ± 23.6

0.851 [.01]
Trivial

0.003 [0.57]
Large

PT knee flexion (left)  
[N · m]

92.6 ± 23.3 100.0 ± 23.2
<0.001 [0.30]

Small
83.5 ± 10.5 83.2 ± 10.7

0.775 [.03]
Trivial

0.001 [0.68]
Large

Table 3.  Statistical comparisons between experimental and control groups

Note: g – Hedges’ g; ηp
2 – partial eta squared; MAT – modified agility T-test, [N · m] – Newton meters; PT – peak torque.
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(≥0.06–0.13), and large (≥0.14) [9], while Hedge’s g was 
interpreted as trivial (<0.2), small (0.2–0.6), moderate 
(>0.6–1.2), large (>1.2–2.0), very large (>2.0–4.0) and ex-
tremely large (>4.0) [19]. The ICC between trials and asses-
sors was interpreted as poor (<0.5), moderate (0.5–0.75), 
good (0.75–0.9), and excellent (>0.9) reliability based on 
the lower bound of the 95% CI (ICC95%CI lower bound) [22]. 
Statistical significance was set at p ≤ 0.05.

Results

Adverse effects
No participants dropped out, sustained injuries, or 

missed training sessions, during this study.

Main outcomes
No baseline differences (independent t-test p = 

0.06–0.991) were observed between the CCT group and 
the CG in any dependent variables.

There were significant differences between the CCT 
group and CG in 30 m sprint, CMJA, MAT, and isokinetic 
strength (p < 0.001–0.013) after a six-week intervention fa-
voring the CCT group. Further post-hoc tests using paired 

t-tests revealed significant pre-post improvements in all de-
pendent variables in the CCT group (all p < 0.001–0.001; 
g = 0.27–2.65; %Δ = 3.1–16.3), but not in the CG (all 
p = 0.169–0.991; g = 0.00–0.32; %Δ = 0.0–2.6). No dif-
ferences were observed between the CCT group and CG 
for MBT (p = 0.057) and SLJ (0.141) after the six-week 
intervention. A graphical representation of pre-post inter-
vention physical fitness changes in the CCT group and CG 
is available in Figure 3.

Discussion

This study aimed to examine the effects of a six-week 
CCT intervention on the physical fitness of male field 
hockey athletes. The main findings indicated that a  six-
week CCT intervention in place of regular field hockey 
training improved 30 m linear sprint time, CMJA height, 
MAT time, and isokinetic strength compared to regular 
hockey training. The magnitude of pre-post improve-
ment in the CCT group was small for the four peak iso-
kinetic torque measurements (%Δ = 5.6–11.8), moderate 
for 30 m sprint time (%Δ = 3.1), large for CMJA height 
(%Δ = 13.3), and very large for MAT time (%Δ = 16.3). 

Figure 3.  Relative (%) change in dependent variables between pre- and post-training intervention for the complex-contrast 
training (black bars) and control group (white bars) 

Note: negative bars denote detrimental changes; CMJA: countermovement jump height with arm swing; Ext: knee extension for maximal torque; 
Flex: knee flexion for maximal torque; L: left; MAT: modified agility T-test time; MBT: medicine ball throw for distance; R: right; SLJ: standing 
long jump distance.
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No significant differences were observed between groups 
in MBT and SLJ distance.

Although the literature on CCT for field hockey ath-
letes is scarce, the current findings are in line with previ-
ous studies conducted on soccer athletes with similar char-
acteristics [1, 6]. Ali et al. [1] conducted a six-week CCT 
intervention on university-level male soccer athletes (aged 
~22 years) and reported moderate improvements in 20 m 
linear sprint time and CMJ height compared to a CG. Sim-
ilarly, Brito et al. [6] reported small to moderate improve-
ments in the 20 m linear sprint, peak torque of the dominant 
leg during knee extension and flexion after a  nine-week 
CCT intervention. With youth field hockey athletes (aged 
12–14), Moran et al. [27] also reported improvements in 
sprint acceleration after a six-week plyometric training in-
tervention. The increase in performance in the CCT group 
may be attributed to specific neuromuscular adaptations 
that may have led to an improved stretch-shortening cy-
cle, increased motor unit recruitment, firing frequency, 
intra-and-inter-muscular coordination, and morphological 
changes that help with muscle’s force-generating capacity 
[11, 12, 39]. Indeed, the incorporation of high-load low 
velocity and low-load high-velocity exercise during CCT 
(e.g., 85%1RM squat with CMJ) induces specific adapta-
tions that optimize the force-velocity relationship [12]. 
Moreover, the isolated application of heavy resistance or 
plyometric exercises would specifically target the force or 
velocity component of the force-velocity spectrum [12]. 
However, including both resistance and plyometric exer-
cises in a single training session (i.e., CCT), may enable 
athletes to improve across the force-velocity spectrum 
[12, 40]. Furthermore, optimizing the force-velocity rela-
tionship helps recruit fast-twitch muscle fibers that under-
pin athletic performance (e.g., sprints, jumps) [21, 25]. 

Additionally, previous studies have also reported hor-
monal and structural adaptations such as increased testo-
sterone concentration [1] and increased leg volume [18] 
following a  six-week CCT intervention in male soccer 
players. The aforementioned reasons might be responsi-
ble for the strength-power development reflected through 
increased peak torque during the isokinetic assessments in 
our current study. In addition to the aforementioned mech-
anistic rationale, another mechanism that may have con-
tributed to the beneficial effects of the CCT is the PAPE 
phenomenon [5, 12, 29]. It is suggested that the high-
load activity stimulates an increase in the calcium in the 
myoplasm of the muscle fiber, activating the myosin light 
chain kinase which phosphorylates the light chains, there-
by promoting increased actin-myosin cross-bridges [5, 12, 
29, 30] which has a potentiation effect on the lower-load 
activity. Indeed, a recent meta-analysis has confirmed that 
using high-load resistance exercises and low-load plyo-
metric exercises in a CCT format is superior (i.e., greater 
effect size) to performing the exercise combination in 

other formats (e.g., complex-descending training) in im-
proving sprints, jumps, change of direction, and maximal 
strength [13]. Therefore, sequencing exercises in a CCT 
format may have contributed to the enhanced perform-
ance of field hockey athletes in this study. But whether this 
would also be the case for other sequencing methods of 
complex training requires further investigation. 

There are limitations of this study that should be ac-
knowledged. First, we were unable to compare our find-
ings with prior CCT studies in field hockey due to the pau-
city of evidence in this area. However, the original and 
novel evidence presented in this study will form a basis 
for future research on field hockey players. Second, the 
training intervention was limited to a six-week duration. 
Although significant improvements were observed in the 
CCT group, a longer duration study may be needed to de-
termine the long-term adaptions in field hockey athletes. 
Third, this study included a small sample size. Although 
we conducted a sample size estimation before conducting 
the study, a larger sample size may be required to support 
the current findings. Fourth, we used hand stop watches 
to measure the sprint and MAT timings. Although we ob-
served excellent between timekeeper’s reliability, the use 
of an electronic (e.g., photocells) or video-based (e.g., 
MySprint) timing system may provide greater precision. 
Finally, no biochemical or physiological data was col-
lected. Such data would provide further insights into the 
mechanistic aspects of the reported results. 

Conclusion 

Compared to an active control group of amateur male 
athletes undergoing regular field hockey training and con-
ditioning drills, athletes that incorporated CCT into their 
regular field hockey training program improved 30 m lin-
ear sprint time, CMJA height, MAT time, and maximal 
isokinetic strength. Therefore, CCT may be suggested 
as a  supplementary training intervention to regular field 
hockey training, potentially inducing neuromuscular ad-
aptations (e.g., sprints, vertical jumps, change of direction 
speed, strength) in favor of maximal-intensity short-dura-
tion actions commonly occurring during matches. 

Conflict of interest: Authors state no conflict of interest.
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