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Abstract

This investigation aimed to shed light on the potential benefits these training methods can offer athletes attempting to im-
prove their abilities in their game on the field. The complex training group (CMT), the French contrast training group (FCT), 
and the active control group (ACG) comprised 15 male field hockey players (Total 45 field hockey players) with an average 
age of 19.42±1.18 years. These players were randomly allocated to three equal groups. There were 36 training sessions in 
each training group over three months, with CMT and FCT training interventions being carried out thrice weekly. Partici-
pants in the ACG group went through their daily hockey practice regimen. In physical outcome measures, there were no 
significant differences in speed across groups (p=0.280), but significant variations were seen with time (p<0.01) and when 
groups and time were combined (p<0.01). Significant differences were seen for Change of direction (COD) and muscular 
endurance (ME) between groups (p<0.01) across time (p<0.01) and in the interaction between groups and time (p<0.01). 
In physiological outcome measures, anaerobic power (AP), vital capacity (VC), and VO2 max showed significant changes 
between groups (p<0.01) over time (p<0.01) and in the interaction between groups and time (p<0.01). In contrast, resting 
heart rate (RHR) showed no significant variations between groups (p=0.317), either across time (p=0.662) or in the interac-
tion between groups and time (p=0.052). It concluded that CMT and FCT enhanced hockey players’ COD, ME, AP, VC, and 
VO2 max. The FCT group outperformed the CMT group, proving its usefulness in improving athletic performance. 
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Introduction
Hockey is a team sport requiring various equipment, 

involving unpredictable movement patterns influenced by 
the dynamic and longer match condition (McGuinness et 
al., 2017) . During the match, field hockey players engage in 
high-speed running, quick directional changes, and acceler-
ations, utilizing  strategic offensive and defensive maneuvers 
within confined spaces to optimize performance and secure 
the competitive success (McGuinness et al., 2020). The field 
hockey game has seen a substantial increase in the physical 
demands placed on players over the previous ten years. Partic-
ularly challenging on the lumbar spine and lower limbs are the 
distinctive flexed hip/trunk postures, rapid speed changes, and 
quick directional shifts characteristic of this exercise (Bed-
dows et al., 2020). For much of the game, players must pos-
sess the following physical skills: power, endurance, muscular 
strength, and dynamic balance (Ramasamy et al., 2022). Any 
disruption to these activities during play will increase a play-
er’s risk of many injuries and reduce their effectiveness (Stokes 
et al., 2020). Suggestions from previous narrative and system-
atic reviews and meta-analyses have highlighted the signifi-
cance of the treatment options by improving physiological and 
physical outcomes and lowering several injury risk variables in 
a variety of sports populations (Dolci et al., 2020; Lesinski et 
al., 2020; Moscatelli et al., 2023; Ramirez-campillo et al., 2021, 
2022; Saeterbakken et al., 2022; Thiele et al., 2020; Vasconcelos 
et al., 2020; Vincent et al., 2022), which includes resistance and 
plyometric training interventions. In recent times, strength 
and conditioning coaches and trainers have been increasing-
ly embracing these training methods in order to enhance the 
athletic performance of their athletes (Ramirez-campillo et 
al., 2021; Saeterbakken et al., 2022) especially the combina-
tion of both in the same training (Oliver et al., 2024). Some 
earlier studies referred to complex training (CMT) as an alter-
native term for combining plyometric and resistance training 
in a single workout session, which was becoming increasingly 
popular among the experts (Ojeda et al., 2016). 

By analyzing fitness testing results, sports scientists and 
strength and conditioning professionals can better grasp their 
athletes’ present fitness profiles. It is possible to use this in-
formation to build a training program that corresponds to 
each player’s requirements, including the requirements of 
their playing position (Pešič et al., 2024; Turner et al., 2019). 
A strong aerobic capacity and the ability to undertake repeat-
ed high-intensity efforts while simultaneously accurately per-
forming difficult stick and ball skills are two primary perfor-
mance markers associated with top-level competition (Lom-
bard et al., 2021). As with many individual and team sports, 
the length of the competition makes aerobic endurance more 
crucial for the participants, but there are also a lot of sprint and 
power actions that play a role in hockey competition victory. 
Due to the influence of stick swing speed and players’ ability 
to change direction, sprint and agility talents are crucial for 
competitive success in hockey. Consequently, in field hockey 
training, training regimens that increase an athlete’s strength 
and speed are frequently used in addition to endurance train-
ing (Güllich, 2014). 

The concept of ‘complex training’ refers to a training 
mode that combines one set of strength training with a similar 
set of plyometric exercises in the same training session and 
is thought to improve the quality of the plyometric training 
stimulus. Combining biomechanically comparable workouts 

is beneficial for boosting force production and dynamic power 
rate through improved neuromuscular control. High-inten-
sity resistance training prepares the body for plyometrics by 
affecting neuromuscular, hormonal, metabolic, and psycho-
motor aspects. This method promotes neural adaptations that 
enhance physical abilities (Ali et al., 2017). A study by Kanni-
yan and Syed (2013) emphasizes that the results demonstrated 
a significant improvement in all evaluated variables compared 
to the control group for both the CMT and contrast training 
groups. Throughout a 10-week training session, the CMT 
group improved more than the contrast training group in sev-
eral areas, such as speed and muscle endurance, even though 
the contrast training group also showed notable advantages 
in resting heart rate (RHR) and cardiorespiratory endurance. 
CMT’s ability to increase the power of lighter exercises is be-
lieved to be due to PAP (Robbins, 2005).

CMT refers to varying movement velocity or load between 
sets or exercises within a session to improve slow and fast force 
expression. There are four types of CMT: contrast training, as-
cending training, descending training, and French contrast 
training (FCT), which involves performing a series of exer-
cises (Cormier et al., 2022)with a combination of both CMT 
and contrast training (Michael et al., 2022), entails perform-
ing a series of exercises in a single session in a specific order. 
These exercises include things like heavy compound exercises 
(resistance exercises), lighter exercises (plyometric exercises), 
light-to-moderate load compound exercises that maximize 
movement speed (also externally loaded power exercises), and 
an assisted plyometric exercise (Gould, 2021). The FCT Meth-
od is one of the many CMT approaches that have been pre-
sented in order to have the most significant possible impact on 
the post-activation performance enhancement (PAPE) phe-
nomena (Rebelo et al., 2023; Türkarslan & Deliceoğlu, 2024) 
even though PAP and PAPE are connected (Villalon-gasch 
et al., 2022), it is possible to consider them to be two distinct 
phenomena. This is because the processes that cause PAP are 
distinct from those that produce PAPE. Electrostimulation is 
the source of PAP, characterized by an increase in the efficien-
cy of contractions due to a more optimal coupling of actin and 
myosin (Chen et al., 2017).

On the other hand, PAPE is associated with various fac-
tors, including but not limited to conditions such as the tem-
perature of the muscle, the amount of water present in the 
muscle fibres, and the number of motor units that are activat-
ed (Blazevich & Babault, 2019). As a result, their effects may 
manifest at varying periods and degrees of intensity (Zim-
mermann et al., 2020). Previous research has only conducted 
a limited number of studies that have studied the impact of 
CMT on the physical and physiological variables (Kanniyan 
& Syed, 2013), especially on hockey players (Rathi et al., 2023; 
Thapa et al., 2023). Some of them explore the influence of 
FCT on agility (Salam & Sherif, 2020), speed (Türkarslan & 
Deliceoğlu, 2024), maximal strength and power (Rebelo et al., 
2023) and some of the other physical variables (Elbadry et al., 
2019; Welch et al., 2019). No experiment has been carried out 
in the past that has discriminated between the effects of CMT 
and FCT on physical and physiological characteristics among 
field hockey players. Hence, the researcher aimed to explore 
the influence of CMT and FCT on physical and physiologi-
cal variables among field hockey players and determine which 
training intervention has highly influenced those variables 
over 3-months of intervention.
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Methods 
Ethical approval

All of the participants in this study were provided with in-
formation on the aims and general procedures of the whole 
research project, and they voluntarily consented to participate 
in the study by signing a written consent form that the com-
mittee authorized. This was done to ensure that the scientific 
findings obtained from this study were reliable. The study was 
conducted by the declaration of Helsinki (World Medical As-
sociation, 2013) and received approval from the institutional 
ethics committee at Pondicherry University (Approval No. 
HEC/PU/2023/05/07-08-2023).

Participants
Fifty male hockey players from Union Christian College in 

Aluva, India, provided written consent and agreed to partici-
pate in this study. One of the inclusion criteria was five years 
of playing experience in field hockey, and two years of resis-
tance training and plyometric experience were fixed. Players 
with a history of musculoskeletal injury were omitted from 
this study according to the exclusion criteria. In this study, five 
hockey players were removed prior to the initial test due to a 
history of pre-existing musculoskeletal injury. The researcher 
utilized the G*Power 3.1.9.7 software Franz Faul developed at 
the University of Kiel in Germany to determine the appropri-
ate sample size. During the calculation, the following variables 
were taken into consideration: effect size for within-between 
interaction in repeated measures ANOVA: three groups, two 
measurements, and a priori: compute required sample size 
- given, power, desired power (1-ß error) =0.80, alpha error 
<0.05, non-sphericity correction =1, effect size (f) of 0.25, the 
correlation between repeated measures =0.5, and effect size 
(f) of 0.25. According to the results of the computation of the 
sample size, a minimum of 42 participants would be neces-
sary in order to attain statistical significance in the context of 
the study (Chovanec & Gröpel, 2020). Given the possibility of 
individuals dropping out of the study, a slightly higher sam-
ple size of 45 male participants was considered for this study. 
To assess the power (1-ß error) with 45 participants, post hoc: 
compute achieved power-given sample size, and effect size 
was tested using G*Power. The output parameter shows that 

the power (1-ß error) =0.83, which is increased by 0.03. After 
the inclusion and exclusion criteria, the selected participant’s 
(n=45) age was 19.47±1.16, height: 1.69±0.07, weight was 
64.16±4.98, and body mass index (BMI) was 22.44±1.26. No 
dropouts were observed after or during the training program.

Study design (Experimental approach to the problem)
A 3x2 randomized controlled trial was conducted over 

three months to examine the effects of CMT and FCT on 
selected parameters in field hockey players. The participants 
were classified into three groups, each comprising fifteen par-
ticipants. The CMT group carried out the Complex training 
intervention, while the FCT group carried out the French 
contrast training intervention. Both intervention groups par-
ticipated in three sessions per week over 3-months of inter-
vention, and participants received ample recovery between 
sessions. The active control group (ACG) performed no exer-
cises beyond the regular field hockey training. Demographic 
data were obtained before the training program and famil-
iarization session started. Participants completed two weeks 
of familiarization sessions, comprising CMT and FCT activ-
ities, and one session for the testing process. One repetition 
maximum (1 RM) test was conducted at least one week before 
baseline testing. During familiarization sessions, participants 
performed squats, box jumps, bench presses, a 1 kg medicine 
ball overhead wall throw for CMT training and squats, and 
box jumps, weighted jumps, band-assisted vertical jump and 
bench presses, a 1 kg medicine ball overhead wall throw, push 
press, and band assisted push-ups for FCT training. These 
were helpful for training prescriptions and providing the par-
ticipants with a better understanding of the training program. 
After completing the 1 RM test for each resistance training 
exercise, baseline tests (Time 1) were evaluated for each of the 
variables chosen for the study. One day before the baseline 
test (Time 1), the participants were instructed to refrain from 
indulging in any form of strenuous activity and to consume a 
meal that they regularly consume. End line test (Time 2) was 
used to assess after the commencement of 3 months of CMT 
and FCT training intervention. The semantic representation 
of the investigation explains the sample sizes in different stag-
es (Figure 1).

Figure 1. Semantic Representation

Intervention
CMT and FCT groups have completed three sessions per 

week, and 36 training sessions were given for each treatment 
group. Each treatment group performed standardized warm-
ing-ups and cooling down specific training programs for each 
group. Warming ups include general and specific for toning 
the muscles to perform the specific training program (CMT 

and FCT). CMT and FCT training were given to the subjects 
based on the training mentioned in the narrative review by 
Cormier et al. (2022). Every participant began their resis-
tance training (high load activity) in CMT and FCT train-
ing with an intensity level of sixty per cent throughout the 
first few weeks of the program. From the first to three weeks, 
the intensity of the training ranged from sixty to seventy per 
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cent; from the fourth to six weeks, it was sixty to seventy-five 
per cent; from the seventh to ninth weeks, it was seventy to 
eighty per cent; and from the tenth to twelve weeks, it was 
seventy-five to eighty-five per cent. For plyometric training 
(low load activities) in CMT and FCT training, first to three 
weeks, the intensity of the training fixed to a 12-inch box 
(box height) for lower extremities and l kg weight (medicine 
ball) for upper extremities; in the fourth to six weeks, it was 
an 18-inch box for lower extremities and 3 kg weight for up-
per extremities; in the seventh to ninth weeks, it was 24-inch 
box for lower extremities and 5 kg weight for upper extrem-
ities; and in the tenth to twelve weeks, it was 24 inch box for 
lower extremities and 5 kg weight for upper extremities. For 
the FCT group weighted plyometric exercise (3rd exercise), 
30-40 per cent of 1 RM was fixed for 3- months, and assisted 
plyometrics (4th exercise) sets and repetition progressively 
increased. The appropriate recovery time was provided be-
tween each set and workout.

Load measurement
The 1RM test was frequently used to assess the individ-

ualized training intensities of the participants (Kumar et 
al., 2024). Prior to every evaluation, the participants went 
through a familiarization session. Additionally, general and 
specific warm-up, which lasted for ten to fifteen minutes, was 
performed before each evaluation. The weight was gradu-
ally increased to five kilograms to accomplish the 1 RM in a 
maximum of five attempts. There was a four-minute break in 
between each 1 RM effort. Spotters with experience secured 
the safety. The training loads for CMT and FCT were set as 
a percentage of each participant’s 1RM to maximize strength 
and power gains.

Outcome measures
The outcome measures employed in this investigation pro-

vide extensive supporting data for the study’s results. Metrics 
like speed, COD, and ME are classified as physical outcome 
measures. This study’s physiological outcome measurements 
included AP, RHR, Vital capacity (VC), and VO2 max. In the 
morning before and after 3-months of intervention, a baseline 
(Time1) assessment and an end-line (Time2) assessment were 
used to look at all the outcome measures for this study. Partici-
pant height was measured using a standard stadiometer (MCP 
2m/200CM Roll Ruler Wall Mounted Growth Stature Meter), 
weight was assessed with a digital weighing machine (HD-93), 
and body mass index was calculated using the formula: weight 
(kg) / height (m²).

In physical outcome measures, the speed was tested with 
a widely used test 50m dash, which was measured in sec-
onds (Bartosz et al., 2024; Zabaloy et al., 2021). Individu-
alized warm-ups were followed by two 50-meter sprints on 
an outdoor track, with a 5 to 10-minute break. Experienced 
sprinters used individualized warm-ups to optimize perfor-
mance and prevent injuries (Martín-Fuentes & van den Til-
laar, 2022). The subjects started each sprint in a split stance, 
with one hand on the floor and the other behind the line, 
which is commonly utilized in training. Three timers were 
used for each attempt, and a hand stopwatch(Thapa et al., 
2023) (NIVIA JS 609 Digital Stop Watch, Freewill Sports Pvt. 
Ltd., India) was used to obtain measures of the speed of the 
participants. The interclass correlation coefficient (ICC) for 
test-retest reliability was 0.95 (95% confidence Interval [CI]: 

0.861–0.984, Coefficients of variation [CV]: 4.8% presented 
in table 3.

The Change of direction (COD) was evaluated using the 
Illinois agility test, an acceptable tool for evaluating the COD, 
measured in seconds (Pauli et al., 2023). The field is 10 m long 
and 5 m wide between start and finish positions. Four cones 
were positioned in the centre of the testing area, 3.3 m apart. 
Four cones indicated the beginning, end, and two turning 
places. Individualized warm-ups were followed by one trial on 
a specific field, with ample recovery given between trial and 
test. The individuals began the test lying prone, hands at shoul-
der level. The trial began with the “go” instruction, prompting 
the individuals to run as quickly as possible. The trial ended 
when the players crossed the finish line without knocking 
down cones (Cao et al., 2020). The best time from three trials 
was utilized for analysis (Andrašić et al., 2021). Hand stop-
watch (NIVIA JS 609 Digital Stop Watch, Freewill Sports Pvt. 
Ltd., India) used to record the COD. The interclass correlation 
coefficient (ICC) for test-retest reliability was 0.98 (95% con-
fidence Interval [CI]: 0.943–0.994, Coefficients of variation 
[CV]: 5.3% presented in table 3.

Finally, muscular endurance (ME) was tested with a sit-
up test (Cho et al., 2024). Participants were told to lie supine 
with both hands folded behind their heads and legs at a 45-de-
gree angle (Jeong & Chun, 2021). Each time the participants 
contacted their knee and returned to a supine posture, it was 
counted as one successful repetition (Zhang et al., 2021). The 
maximum number of repeats was timed for one minute. The 
interclass correlation coefficient (ICC) for test-retest reliability 
was 0.87 (95% confidence Interval [CI]: 0.635–0.959, Coeffi-
cients of variation [CV]: 5.8% presented in table 3.

In physiological outcome measures, the stair run test 
developed by Margeria Kalamen is recognized as one of 
the most widely used techniques for determining Anaero-
bic power (AP) (Cabre et al., 2024). The Margaria Kalamen 
stair run power test measures the time between the third 
and ninth steps. Participants completed a standard aerobic 
warm-up, stretching, and three submaximal stair runs. Par-
ticipants started 6 meters from the stair base. Upon receiv-
ing the start signal, participants sprint and take three steps 
on the third, sixth, and ninth steps to ascend as quickly as 
possible. A stopwatch records the time from the third to the 
ninth step, beginning when the foot contacts the third step 
and finishing when it touches the ninth step, each step ap-
proximately 17.5 inches (Morse & Biggerstaff, 2024). Three 
test trials with pauses of 2-3 minutes each were allowed. The 
power output was calculated by the formula P=(W*D)9.8/t. 
P= Anaerobic power, W= body weight, D= vertical distance 
(3rd to 9th step), 9.8= gravity (constant), t= time taken (3rd 
to 9th step) (Pramod & K, 2023). The interclass correlation 
coefficient (ICC) for test-retest reliability was 0.98 (95% con-
fidence Interval [CI]: 0.963–0.996, Coefficients of variation 
[CV]: 10.9% presented in table 3.

Resting heart rate (RHR) was tested with the manual radial 
palpation method. Because the pulse rate is identical to the 
heartbeat, the radial palpation approach is the most straight-
forward and widely utilized method, measured in numbers 
per minute (Cooney et al., 2010). The test was administered 
in the morning before any activities. The subject was sitting 
and resting for a minimum of five minutes when the RHR was 
measured. Using the tips of the index and middle fingers, find 
the radial artery on the thumb side of their wrist (Motimath 
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& Rajan, 2020). Feel the pulse, count the beats for thirty sec-
onds, then multiply by two to get beats/ minutes. To prevent 
variations in the subject’s RHR, the researcher ensured that the 
subject remained quiet during the test. The interclass correla-
tion coefficient (ICC) for test-retest reliability was 0.94 (95% 
confidence Interval [CI]: 0.834–0.982, Coefficients of varia-
tion [CV]: 2.8% presented in table 3.

Vital capacity (VC) was tested with a spirometer, mea-
sured in litres (Fabrin et al., 2023). The participants received 
comprehensive verbal instruction in this test before taking 
the exam. The participants were instructed to inhale deep-
ly through their clipped nostrils and then exhale forcefully 
into the spirometer’s opening. Participants had to ensure that 
their mouths and the spirometer’s opening were tightly sealed 
during the test. There were three trials for each contestant. VC 
score was determined by taking the best of the three. The spi-
rometer was thoroughly inspected each time in preparation 
for the following trial. The interclass correlation coefficient 
(ICC) for test-retest reliability was 0.95 (95% confidence In-
terval [CI]: 0.861–0.981, Coefficients of variation [CV]: 6.8% 
presented in table 3.

Finally, the VO2 max was tested using the Queens College 
step test (Salehi et al., 2017). The step test was carried out from 
a height of 16.25 inches (Aryal et al., 2020). The stepping was 
done for three minutes, with a rate of twenty-four steps per 
minute stated. After finishing the work, the carotid pulse rate 
was monitored from the fifth to the thirtieth seconds of re-
covery. The 30-second pulse rate was translated into beats per 
minute. Finally, the VO2 max score was calculated using the fol-
lowing equation: VO2 max = 111.3- (0.42 x pulse rate beat/min). 
The interclass correlation coefficient (ICC) for test-retest reli-
ability was 0.96 (95% confidence Interval [CI]: 0.909–0.990, 
Coefficients of variation [CV]: 6.8% presented in Table 3.

Statistical analysis
The Shapiro-Wilks test was used to evaluate if the data 

were normal after all the data had been tabulated using Micro-
soft Excel. Intraclass correlation coefficients were computed to 
ascertain the measured variables’ inter-measurement reliabil-

ity. In order to make sure there was no significant difference 
between the groups, the baseline assessment parameters of the 
participants (age, weight, height, and body mass index) were 
determined using one-way ANOVA and the Levene test. The 
intra-class correlation coefficients (ICCs) were used to evalu-
ate the test-retest reliability of all tests, but only for the ACG. In 
terms of reliability, the inter-rater correlation coefficient (ICC) 
across trials and assessors was evaluated as follows: excellent 
(>0.9), good (0.75–0.9), moderate (0.5–0.75) and poor (<0.5). 
A paired sample t-test was used to compare the changes after 
3- months of intervention with baseline for each of the three 
groups and all outcome measures. Cohen’s d values, which 
were classified as trivial: 0 to 0.2; small: 0.21 to 0.6; moder-
ate: 0.61 to 1.2; large: 1.21 to 2.0; very large: 2.01 to 4.0; near-
ly perfect: >4.01 (Ndlomo et al., 2023), were used to quantify 
the magnitude of changes between Time 1 and Time 2 assess-
ment. A 3x2 (group x time) mixed design analysis of variance 
for repeated measures test was used to assess the changes of 
three groups for all outcome measures. This test measured the 
effects of time (Time 1 and Time 2), group (CMT, FCT, and 
ACG), and interaction (group x time). The Bonferroni post 
hoc test was utilized to identify group differences accurately. 
Furthermore, the two-way repeated measures ANOVA test 
yielded the partial eta-square (ⴄp

2). The effect size, or partial 
eta-square, was employed to ascertain the extent of the vari-
ation. The interpretations for a big are (≥0.14), a medium is 
(0.06-0.14), and a small is (≤0.06). Pairwise comparisons were 
applied with the Bonferroni post hoc test. In order to display 
the statistical significance, a level of 0.05 was set. All statistical 
analysis was done using the statistics package for social science 
software version 22.0.

Results
Table 1 shows the baseline characteristics of the two in-

tervention groups (FCT and CMT) and the control group 
(ACG). There was no discernible difference in the participants’ 
weight (p=.368), height (p=.281), or age (p=.827). Kolmogor-
ov-Smirnov and Shapiro-Wilk tests were used to determine 
whether the participants’ characteristics were normal.

Table 1. Characteristics of participants

Characteristics CMT
Mean (SD)

FCT
Mean (SD)

ACG
Mean (SD) p

Weight 64.73(4.33) 65.07(6.46) 62.67(3.72) .368

Height 1.70(.075) 1.71(.061) 1.67(.040) .281

Age 19.47(1.19) 19.60(.986) 19.33(1.34) .827

BMI 22.53(1.54 22.30(1.48) 22.49(.613) .869

Table 2. Tests of Homogeneity for baseline characteristics of participants

Characteristics Levene Statistic df1 df2 sig

Weight 2.440 2 42 .099

Height 2.079 2 42 .138

Age 1.627 2 42 .209

BMI 3.156 2 42 .053

Table 2 demonstrates that the characteristics of the partic-
ipants had Test of Homogeneity of Variances with the p values 
of p=.099 for weight, p=.138 for height, p=.209 for age, and 
p=.053 for body mass index, all of which were higher than the 
significance level of 0.05 (p>0.05). Same as Table 1, the Table 2 

results show that the observed population has a uniform dis-
tribution for each experimental group (CMT, FCT, and ACG)

Table 3 presented that the evaluated tests’ intra-class cor-
relation coefficients (ICC) varied from 0.87 to 0.98, while the 
coefficients of variation (CV) ranged from 2.8 to 10.9%.
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Table 5 displays the repeated measure analysis of vari-
ance on speed, COD, ME, AP, RHR, VC, and VO2 max over two 
times. There were significant changes in speed between time 
(p<0.01, ⴄp

2=.461) with a large effect as well as between groups 
(p<0.01, ⴄp

2=.330) with a large effect. However, there were no 
significant changes between groups (p=.280, ⴄp

2=.059) with 
a large effect. COD had significant changes between group 
(p<.001, ⴄp

2=.476), time (p<.001, ⴄp
2 =.778), and group x time 

(p<.001, ⴄp
2=.669) with large effect. ME had significant chang-

es between group (p<.001, ⴄp
2=.417), time (p<.001, ⴄp

2=.838), 
and group x time (p<.001, ⴄp

2=.700) with large effect. AP 
had significant changes between group (p<.001, ⴄp

2=.507), 
time (p<.001, ES=.876), and group x time (p<.001, ⴄp

2=.754) 
with large effect. VC had significant changes between group 
(p<.001, ⴄp

2 =.546), time (p<.001, ⴄp
2=.825), and group x time 

(p<.001, ⴄp
2=.692) with large effect. VO2 max had significant 

changes between group (p<0.01, ⴄp
2 =.240), time (p<.001, 

ⴄp
2=.727), and group x time (p<.001, ⴄp

2=.565) with large ef-
fect. Finally, RHR showed no significant difference between 
group, time and group x time at 0.05.

When considering the paired sample t-test presented in 
a table, speed had a significant difference in CMT (p<0.01, 
d=1.03) with a moderate effect and FCT (p<.001, d=1.31) group 
with a significant effect. However, the ACG group showed no 
significant difference (p>0.05). COD had a significant differ-
ence in CMT (p<0.05, d=.579) with a small effect and FCT 
(p<.001, d=1.45) group with a significant effect, but the ACG 
group did not show any significant difference (p>0.05). ME 
had a significant difference in CMT (p<.001, d=2.35) with a 
substantial effect and FCT (p<.001, d=3.44) group with a very 

Table 3. Intraclass correlation coefficients (ICCs) for relative reliability and coefficients of variation 
for absolute reliability

Outcome Measures ICC 95%CI CV

Speed 0.95 .861-.984 4.8%

COD 0.98 .943-.994 5.3%

ME 0.87 .635-.959 5.8%

AP 0.98 .963-.996 10.9%

RHR 0.94 .834-.982 2.8%

VC 0.95 .861-.984 6.8%

VO2 max 0.96 .909-.990 6.8%

Table 4. Tests of normality

Outcome measures Group
Kolmogorov-Smirnova Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

Speed

CMT .142 15 .200 .924 15 .223

FCT .113 15 .200 .941 15 .389

ACG .152 15 .200 .934 15 .314

COD

CMT .164 15 .200 .918 15 .178

FCT .133 15 .200 .926 15 .236

ACG .183 15 .190 .899 15 .093

ME

CMT .212 15 .069 .910 15 .134

FCT .141 15 .200 .937 15 .350

ACG .162 15 .200 .932 15 .291

AP

CMT .178 15 .200 .909 15 .130

CNST .163 15 .200 .946 15 .469

ACG .209 15 .076 .910 15 .134

RHR

CMT .167 15 .200 .931 15 .279

FCT .217 15 .056 .937 15 .343

ACG .168 15 .200 .955 15 .601

VC

CMT .185 15 .178 .900 15 .096

FCT .212 15 .069 .917 15 .175

ACG .202 15 .100 .882 15 .050

VO2 max

CMT .140 15 .200 .913 15 .153

FCT .211 15 .071 .923 15 .217

ACG .142 15 .200 .924 15 .223

Table 4 displays the results of the Kolmogorov-Smirnov 
and Shapiro-Wilks tests used to determine the normality 
of the outcome measures (Speed, COD, ME, AP, RHR, VC, 

and VO2 max). The Shapiro-Wilks and Kolmogorov-Smirnov 
tests revealed that all outcome measure data were normally 
distributed.
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large effect, but the ACG group did not show any significant 
difference (p>0.05). AP had a significant difference in CMT 
(p<.001, d=2.69) with a substantial effect and FCT (p<.001, 
d=4.46) group with a nearly perfect effect. However, the ACG 
group showed no significant difference (p>0.05). VC had a sig-
nificant difference in CMT (p<.001, d=2.87) with a substantial 
effect and FCT (p<.001, d=2.86) group with a very large effect, 

but the ACG group did not show any significant difference 
(p>0.05). VO2 max had a significant difference in CMT (p<.001, 
d=1.63) with a large effect and FCT (p<.001, d=2.85) group 
with a very large effect, but the ACG group did not show any 
significant difference (p>0.05). RHR did not show any signifi-
cant difference between all the three groups. The magnitude of 
the effect is presented in Figure 2.

Table 5. Repeated measures ANOVA

Outcome measures Group Time 1 (SD) Time 2 (SD)
Group (effect) Time (effect) Group x time (interaction)

P (ⴄp2) 95%CI

Speed

CMT 7.36(.377) 7.04(.180)
.280
(059)

.000**
(.461)

.000**
(.330)FCT 7.36(.380) 6.97(.183) ▲

ACG 7.32(.331) 7.33(.304) ▲

COD

CMT 18.61(1.02) 17.63(1.15)
.001**
(.271)

.000**
(.331)

.000**
(.276)FCT 18.61(1.08) 16.54(1.10) ▲

ACG 18.65(1.01) 18.72(.983) ▲

ME

CMT 39.87(2.45) 47.53(4.34)
.000**
(.417)

.000**
(.838)

.000**
(.700)FCT 40.73(2.68) 51.53(3.44)▲

ACG 40.33(2.61) 40.93(2.71) ▲

AP

CMT 1072.81(91.90) 1425.76(104.23)
.000**
(.507)

.000**
(.876)

.000**
(.754)CNST 1075.27(130.80) 1531.10(110.32) ▲

ACG 1073.18(96.30) 1099.75(112.71) ▲

RHR

CMT 74.27(2.49) 73.73(2.25)
.317

(.053)
.662

(.005)
.052

(.131)FCT 74.27(2.37) 73.47(1.92)

ACG 74.53(3.07) 75.47(2.33)

VC

CMT 3.83(.243) 4.51(.194)
.000**
(.546)

.000**
(.825)

.000**
(.692)FCT 3.81(.273) 4.73(.158) ▲

ACG 3.77(.263) 3.81(.252) ▲

VO2 max

CMT 39.31(2.51) 43.93(1.81)
.003*
(.240)

.000**
(.727)

.000**
(.565)FCT 39.26(2.62) 46.17(1.75) ▲

ACG 39.76(3.05) 40.04(2.80) ▲

**Significant at .001, *Significant at 0.05, ▲ Significant difference with control 0.05

Figure 2. Magnitude of effects on Time 1 to Time 2 for the selected outcome measures

When considering the one-way analysis of variance, time 
1 assessment of all the outcome measures did not show any 
significant difference at the 0.05 level. Time 2 assessment on 
speed, COD, ME, AP, VC, and VO2 max significantly improved 
in both training interventions (CMT and FCT). However, 
RHR did not show any significant improvement in both train-

ing interventions (CMT and FCT) and the ACG group.
When considering the Bonferroni post hoc test (table 7), the 

FCT group showed significantly higher improvement in COD, 
ME, AP, VC, and VO2 max when compared to the CMT group. 
Moreover, FCT and CMT groups significantly improved speed, 
COD, ME, AP, VC, and VO2 max at p<.001, and RHR at .05 levels. 
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Table 6. Paired t-test

Outcome measures Group df T-Ratio p Cohen’s d

Speed

CMT 14 3.991 .001* 1.03

FCT 14 5.056 .000** 1.31

ACG 14 .372 .716 0.10

COD

CMT 14 2.243 .042* .579

FCT 14 5.61 .000** 1.45

ACG 14 .222 .828 .057

ME

CMT 14 9.092 .000** 2.35

FCT 14 13.303 .000** 3.44

ACG 14 1.090 .294 0.28

AP

CMT 14 10.417 .000** 2.69

CNST 14 17.267 .000** 4.46

ACG 14 1.191 .253 0.31

RHR

CMT 14 .845 .413 0.22

FCT 14 1.780 .097 0.46

ACG 14 1.974 .068 0.51

VC

CMT 14 11.129 .000** 2.87

FCT 14 11.075 .000** 2.86

ACG 14 .627 .541 0.16

VO2 max

CMT 14 6.323 .000** 1.63

FCT 14 11.028 .000** 2.85

ACG 14 .495 .628 0.13

*Significant at 0.05, **significant at 0.001.

Table 7. Post Hoc Comparison

Outcome 
measures Groups Mean difference SE PB

95% Confidence Interval for Difference

Lower Bound Upper Bound

Speed

CMT FCT .072 .060 .702 -.077 .222

CMT ACG -.304 .060 .000** -.454 -.154

FCT ACG -.376 .060 .000** -.526 -.227

COD

CMT FCT 1.090 .399 .028* .094 .2.087

CMT ACG -1.084 .399 .029* -2.080 -.087

FCT ACG -2.174 .399 .000** -3.171 -1.177

ME

CMT FCT -3.286 1.066 .011* -5.948 -.625

CMT ACG 6.984 1.059 .000** 4.342 9.627

FCT ACG 10.271 1.058 .000** 7.630 12.911

AP

CMT FCT -104.088 34.882 .014* -191.162 -17.015

CMT ACG 326.204 34.881 .000** 239.134 413.273

FCT ACG 430.292 34.882 .000** 343.220 517.364

RHR

CMT FCT .267 .600 1.000 -1.232 1.765

CMT ACG -1.589 .601 .035* -3.088 -.089

FCT ACG -1.855 .601 .011* -3.355 -.356

VC

CMT FCT -.235 .070 .005* -.409 -.061

CMT ACG .683 .070 .000** .509 .858

FCT ACG .918 .070 .000** .744 1.093

VO2 max

CMT FCT -2.250 .695 .007* -3.985 -.516

CMT ACG 4.076 .696 .000** 2.338 5.814

FCT ACG 6.326 .697 .000** 4.587 8.066

*Significant at 0.05, **significant at 0.001.
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Discussion
The present study aimed to investigate the effects of three 

weekly training sessions of CMT and FCT on the physical and 
physiological outcomes measures of field hockey players, and 
the secondary aim of the study compared the effects of three 
weekly training sessions of CMT versus FCT on physical and 
physiological outcome measures of field hockey players. The 
results revealed significant improvements in physical perfor-
mance measures, including speed and COD, as well as physi-
ological parameters such as AP, VC, and VO2 max. Additionally, 
it was discovered that the FCT had improved more in all of 
the selected physical outcome measurements, including speed 
and COD, as well as the majority of the physiological outcome 
measurements, including AP, VC, and VO2 max.

CMT and FCT responses on physical measures
The results of the present study reveal that CMT and 

FCT significantly improved speed, COD, and ME in physi-
cal outcome measures compared to the control group. One of 
the main outcomes of the present study was consistent with 
earlier CMT studies in field hockey players (Koca & Recvan, 
2023; Thapa et al., 2023). Athletes can acquire the precise 
physical traits essential for best performance by concentrating 
on high-intensity, short-duration workouts that simulate the 
demands of actual match play. These activities include linear 
sprinting, agility, and maximal isokinetic strength. This meth-
od is consistent with the findings presented by Thapa (2023) 
and lends credence to the idea that strategic supplemental 
training treatments can bring about considerable enhance-
ments in field hockey players. Specific neuromuscular adapta-
tions may be responsible for performance improvement in the 
CMT and FCT groups. These adaptations may have resulted in 
an improved stretch-shortening cycle (SSC), increased motor 
unit recruitment, firing frequency, intra- and inter-muscular 
coordination, and alterations in structure that assist with the 
ability to produce the greater force from the muscle (Cormier 
et al., 2020). The results of Koca and Recvan (2023) suggest 
that the resistance training, which was applied  three days a 
week for eight weeks and consisted of a strength training pro-
gram with an intensity of 50–70% 1 RM and free weight exer-
cises, core exercises, and resistance band exercises, significant-
ly increased the muscular strength and ME of both male and 
female field hockey players. Some of the findings from earli-
er research align with the current study’s results, which were 
conducted with a different population (Ali et al., 2019; Kumar 
et al., 2023; Nasrulloh et al., 2022). Ali et al. (2019) reveal 
that after participating in a training program that lasted for 
six weeks, football players experienced increased agility and 
speed due to CMT. Likewise, a comparison was made by Ku-
mar et al. (2023) between the effects of load-equated two and 
three-complex contrast training sessions per week on several 
measures of physical fitness. Compared to the complex con-
trast training, which was two sessions per week, the complex 
contrast training, which was three sessions per week, resulted 
in much better improvements in speed and COD.

Further promoting the activation of fast-twitch muscle fi-
bres, this force-velocity relationship optimization may aid in 
maximizing athletic performance like sprints and COD speed 
(Cormier et al., 2022). The study by Nasrulloh et al. (2022) 
explores that Archery athlete’s ME is significantly increased 
by weight training using the compound set approach, which 
consists of an intensity of 60-80% 1 RM, 3-4 sets, and 15-25 

reps. Therefore, weight training with the compound set ap-
proach over eight training weeks may significantly improve 
an archery athlete’s strength and ME. This study found that 
increased muscle endurance following 3-months of intensive 
training. Improved neuromuscular efficiency helps the ner-
vous system activate muscles and coordinate (Hammami et 
al., 2019; Josef, 2018). Resistance workouts develop muscular 
fibres, causing muscle hypertrophy and sustained muscle ac-
tivity(Currier et al., 2023). Enhanced motor unit synchroniza-
tion and activation lead to increased motor unit recruitment 
(Grgic et al., 2021). Muscles adapt to carry more weight for 
longer durations, increasing endurance (Rathi et al., 2023). 
The above factors may have contributed to this present study’s 
excellent outcomes.

According to the current research findings, the FCT led 
to considerable gains in terms of speed, COD, and ME when 
compared to the CMT in terms of assessment of physical out-
comes. Although there is a paucity of published material on 
FCT for hockey athletes, the findings presented here are con-
sistent with those of earlier research carried out on a variety of 
sports populations that share comparable traits or characteris-
tics (Türkarslan & Deliceoğlu, 2024). When applied to profes-
sional soccer players, the FCT program can potentially boost 
speed throughout a training program that lasts for three weeks 
(Türkarslan & Deliceoğlu, 2024). The FCT for ten weeks in-
creased the power and performance of complex skills for foot-
ball players. These skills include speed and skill performance 
(receiving and running with the ball, receiving, dribbling pass-
ing, receiving, dribbling shooting)(Salam & Sherif, 2020). In 
order to achieve this, football players must have efficient speed, 
trunk strength, and agility abilities (França et al., 2022; Saeter-
bakken et al., 2022; Viran et al., 2022). Among the four differ-
ent CMT strategies offered to have the best potential influence 
on the PAPE phenomenon is the FCT Method (Rebelo et al., 
2023; Türkarslan & Deliceoğlu, 2024). They are targeting four 
components of the force-velocity relationship. That is, in the 
precise order: maximum strength, speed-strength, strength-
speed, and maximum speed, respectively. The goal is to elicit a 
PAPE with the contrasting nature of loading/contraction types 
(Cormier et al., 2022). Some studies have explored that PAPE 
protocols show performance benefits in agility tests and sprint 
tests (Escobar Hincapié et al., 2021; Thapa et al., 2020).

CMT and FCT responses on physiological measures.
The findings of the current research indicate that both 

CMT and FCT led to substantial improvements in physio-
logical outcome measures such as AP, VC, and VO2 max when 
compared to the group that served as the control. RHR did not 
show any significant difference between the treatment group 
and the control group. Regarding those outcome measures, 
FCT demonstrated a greater degree of improvement than 
CMT. Published research on FCT for hockey players lacks 
physiological outcome measures (K V et al., 2024). The study 
by K V et al., (2024) indicates that over the period of 12-week 
FCT intervention (36 trining sessions) effectivly enhances the 
AP, and VC. Moreover,  the results shown here align with other 
studies conducted on different populations (Chang et al., 2022; 
Ingle et al., 2006). Chang et al. (2022) imply that eight weeks 
of classical resistance training substantially improved AP for 
healthy college students.

Similarly, Ingle et al. (2006) found that CMT increased the 
average AP throughout a twelve-week intervention. It might 
be the consequence of High-load activity may increase cal-
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cium in the muscle fibre’s myoplasm, activating the myosin 
light chain kinase, which phosphorylates the light chains and 
promotes actin-myosin cross-bridges, which potentiates low-
er-load activity (Cormier et al., 2022). One of the studies that 
Ağirbaş and Karakurt (2023) carried out was to investigate the 
impact that static strength training using a Tera-Band for the 
upper extremities had on the ability of the lungs to breathe. 
It revealed that static strength training performed with a 
Tera-Band for the upper extremities affected the respiratory 
capacities of elite boxers, such as their forced vital capacity 
(Ağirbaş & Karakurt, 2023). Similarly, the forced vital capac-
ity increased after six weeks of plyometric training in aerobic 
gymnasts (Cuce et al., 2021).

Regarding VO2 max, Chovanec and Gröpel (2020) reported 
that the resistance training program resulted in physiological 
adaptation, which manifested itself as an increase in VO2 max 
following the intervention that lasted for eight weeks for the 
training program (Chovanec & Gröpel, 2020). In CMT and 
FCT training, high-intensity efforts are combined with incom-
plete  rest intervals (Cormier et al., 2022). This combination 
results in a more significant strain on the circulatory system 
and an improvement in the efficiency with which oxygen is 
utilized. Because of the fatigue that results, the body is forced 
to adapt by improving its cardiorespiratory function and in-
creasing the amount of oxygen uptake to meet the increased 
demands (Kayhan et al., 2024). These physiological changes 
support higher levels of athletic performance, leading to in-
creased vital capacity and voluntary oxygen consumption 
(VO2 max) (Monnerat et al., 2020). This may be the reasonable 
rationale for improving vital capacity and VO2 max following 
the systematic implementation of CMT and FCT training in-
tervention.

Additionally, the current study revealed that the CMT and 
FCT were unsuccessful in improving the RHR compared to 
the ACG. According to the findings of research conducted 
by Rathi et al. (2023), complex-descending training over six 
weeks does not result in a substantial reduction in RHR (Rathi 
et al., 2023). According to one of the Mata analyses, strength 
training does not substantially influence the RHR (Reimers et 
al., 2018). The athletes had previously surpassed the targeted 
threshold by continuous engagement, which is the most plau-
sible explanation for the result (Rathi et al., 2023).

Limitation 
A few restrictions should be taken into consideration re-

garding this study. Due to the limited amount of information 
available in this sector, comparing the present findings with 
those of previous FCT research conducted in hockey is not 
feasible. This study, on the other hand, will serve as a founda-
tion for further research on hockey players since it presents 
original and innovative evidence. Additionally, the duration of 
the training intervention was restricted to twelve weeks. More 
extended research beyond three months may be required to 
assess the long-term adaptations in hockey athletes. Despite 
considerable gains being shown in the CMT and FCT groups, 
one of the outcome measures, RHR, did not show any signifi-
cant decline. The third limitation is that the sample size for this 
research needed to be more significant. A higher sample size 
may be necessary in order to validate the findings that have 
been obtained. Finally, data about biochemistry or haematolo-
gy needs to be collected. These data would give additional in-
sights into the biological elements of the training, which could 

increase the evidence of the interconnection of the selected 
outcome measures and the effect of the specified training in-
terventions.

Practical application
Within the context of field-based team sports, the prac-

tical implications of our study findings are pertinent for fit-
ness experts and coaches interested in optimizing exercise 
programmes to improve physical fitness and overall health 
through physiological markers. As a result of the fact that 
both CMT and FCT displayed substantial improvements in 
speed, COD, and ME, it is evident that adopting either train-
ing modality into a daily exercise programme can successfully 
create favourable changes in overall fitness and development 
in sport-specific skills. This understanding can be helpful for 
fitness experts when they are developing individualized ex-
ercise programmes to improve physiological markers so that 
they can attain cardiorespiratory health. Furthermore, coach-
es and strength and conditioning trainers may utilize this in-
formation to offer suggestions for athletes looking to enhance 
their general health, particularly those who participate in team 
sports. Data can justify these recommendations.

Conclusion
The potential for physical and physiological outcome mea-

sures was investigated to improve field hockey players follow-
ing a 3-month CMT or FCT training plan. After completing 
a 3-month CMT and FCT training course, we conclude that 
participants in both training groups improved more in speed, 
direction changes, and muscle endurance (compared with 
ACG). After completing a 3-month CMT and FCT train-
ing program, we conclude  that individuals in both training 
groups improved more in VC, AP, and VO2 max in physiologi-
cal end measures (when compared with ACG). The ACG and 
the two-intervention group’s RHR did not alter significantly. 
Moreover, when comparing the FCT group to the CMT group, 
it was revealed that the FCT group had improved more in all of 
the chosen physical outcome measures and most of the physi-
ological outcome measurements, except RHR.

Consequently, if boosting COD speed, ME and VC, AP, 
and VO2 max are targets, practitioners and coaches may choose 
CMT and FCT programs. Finally, trainers, coaches, and ath-
letes who wish to enhance their routines are advised to try 
FCT. Such integration facilitates the intended modifications 
in physiological and physical factors beyond CMT training, 
significantly improving hockey players’ overall performance 
and success.

Acknowledgement 
All study participants deserve our sincere thanks for com-

mitting much of their time and effort to this research.

Conflicts of interest
The authors declare that there are no conflict of interest.

Reference 
Ağirbaş, Ö., & Karakurt, S. (2023). The Effect of Dynamic 

and Static Strength Exercises with Resistance Band on 
Respiratory Functions. Anatolia Sport Research, 4(1), 19–
24. https://doi.org/10.29228/anatoliasr.37

Ali, K., M, E. H., Verma, S., Ahmad, I., Singla, D., & Jha, P. 
(2017). Complex Training : An Update. Journal of Athletic 



COMPLEX VS FRENCH CONTRAST TRAINING | I. N. K. VALAPPIL ET AL.

 DOI 10.26773/mjssm.250308 77

Enhancement, 6(3), 1–5. https://doi.org/10.4172/2324-
9080.1000261

Ali, K., Verma, S., Ahmad, I., Singla, D., Saleem, M., & Hussain, 
M. E. (2019). Comparison of Complex Versus Contrast 
Training on Steroid Hormones and Sports Performance 
in Male Soccer Players. Journal of Chiropractic Medicine, 
18(2), 131–138. https://doi.org/10.1016/j.jcm.2018.12.001

Andrašić, S., Gušić, M., Stanković, M., Mačak, D., Bradić, 
A., Sporiš, G., & Trajković, N. (2021). Speed, change of 
direction speed and reactive agility in adolescent soccer 
players: Age related differences. International Journal of 
Environmental Research and Public Health, 18(11), 5883. 
https://doi.org/10.3390/ijerph18115883

Aryal, V., Mahotra, N. B., Shrestha, L., Kandel, S., Pradhan, S., 
Bajimaya, M. M., Malla, N., & Bhat, N. (2020). Post Exercise 
Change in Peak Expiratory Flow Rate and its Relation with 
Body Adiposity in Nepalese Settings. Europasian Journal 
of Medical Sciences, 2(1), 65–68. https://doi.org/10.46405/
ejms.v2i1.36

Bartosz, M., Latocha, A., Motowidło, J., Krzysztofik, 
M., & Zając, A. (2024). The relationship between 
countermovement jump performance and sprinting speed 
in elite sprinters. Physical Activity Review, 12(2), 29–37. 
https://doi.org/10.16926/par.2024.12.19

Beddows, T. P. A., Klij, P. Van, Agricola, R., Tak, I. J. R., Piscaer, 
T., Verhaar, J. A. N., & Weir, A. (2020). Normal values for 
hip muscle strength and range of motion in elite , sub-
elite and amateur male fi eld hockey players. Physical 
Therapy in Sport, 46, 169–176. https://doi.org/10.1016/j.
ptsp.2020.08.014

Blazevich, A. J., & Babault, N. (2019). Post-activation 
Potentiation Versus Post-activation Performance 
Enhancement in Humans: Historical Perspective, 
Underlying Mechanisms, and Current Issues. Frontiers 
in Physiology, 10, 479198. https://doi.org/10.3389/
fphys.2019.01359

Cabre, H. E., Gould, L. M., Redman, L. M., & Smith-Ryan, A. 
E. (2024). Effects of the Menstrual Cycle and Hormonal 
Contraceptive Use on Metabolic Outcomes , Strength 
Performance , and Recovery : A Narrative Review. In 
Metabolites, 14(7), 347.

Cao, Y., Zhang, C., Guo, R., Zhang, D., & Wang, S. (2020). 
Performances of the Canadian Agility and Movement Skill 
Assessment (CAMSA), and validity of timing components 
in comparison with three commonly used agility tests 
in Chinese boys: An exploratory study. PeerJ, 8, e8784. 
https://doi.org/10.7717/peerj.8784

Chang, Y., Chou, Y., Chang, Y., Tan, K., & Wu, M. (2022). 
The Effects of High-Intensity Power Training versus 
Traditional Resistance Training on Exercise Performance. 
International Journal of Environmental Research 
and Public Health. https://doi.org/doi.org/10.3390/
ijerph19159400

Chen, Z., Lo, S., Wang, M., & Yu, C. (2017). Can Different 
Complex Training Improve the Individual Phenomenon 
of Post-Activation Potentiation ? Journal of Human 
Kinetics Volume, 56(1), 167–175. https://doi.org/10.1515/
hukin-2017-0034

Cho, Y. H., Sakong, H., Oh, M. J., & Seo, T. B. (2024). Assessing 
the Risk of Normal Weight Obesity in Korean Women 
across Generations: A Study on Body Composition and 
Physical Fitness. In Healthcare, 12(11), 1142. https://doi.

org/10.3390/healthcare12111142
Chovanec, L., & Gröpel, P. (2020). Effects of 8-week endurance 

and resistance training programmes on cardiovascular 
stress responses, life stress and coping. Journal of Sports 
Sciences, 38(15), 1699–1707. https://doi.org/10.1080/0264
0414.2020.1756672

Cooney, M. T., Vartiainen, E., Laakitainen, T., Juolevi, A., 
Dudina, A., & Graham, I. M. (2010). Elevated resting 
heart rate is an independent risk factor for cardiovascular 
disease in healthy men and women. American Heart 
Journal, 159(4), 612-619.e3. https://doi.org/10.1016/j.
ahj.2009.12.029

Cormier, P., Freitas, T. T., Loturco, I., Turner, A., Virgile, 
A., Haff, G. G., Blazevich, A. J., Agar-Newman, D., 
Henneberry, M., Baker, D. G., McGuigan, M., Alcaraz, 
P. E., & Bishop, C. (2022). Within Session Exercise 
Sequencing During Programming for Complex Training: 
Historical Perspectives, Terminology, and Training 
Considerations. Sports Medicine, 52(10), 2371–2389. 
https://doi.org/10.1007/s40279-022-01715-x

Cormier, P., Freitas, T. T., Rubio-Arias, J., & Alcaraz, P. E. 
(2020). Complex and Contrast Training: Does Strength 
and Power Training Sequence Affect Performance-Based 
Adaptations in Team Sports? A Systematic Review and 
Meta-analysis. Journal of Strength and Conditioning 
Research, 34(5), 1461–1479. https://doi.org/10.1519/
JSC.0000000000003493

Cuce, G., Yapici Öksüzoğlu, A., & Atabaş, E. G. (2021). 
The effect of plyometric and tabata training on jump 
performance, respiratory function parameters on aerobic 
gymnasts. Turkish Journal of Sport and Exercise, 23(3), 
374–383. https://doi.org/10.15314/tsed.897252

Currier, B. S., McLeod, J. C., Banfield, L., Beyene, J., Welton, 
N. J., D’Souza, A. C., Keogh, J. A. J., Lin, L., Coletta, G., 
Yang, A., Colenso-Semple, L., Lau, K. J., Verboom, A., & 
Phillips, S. M. (2023). Resistance training prescription 
for muscle strength and hypertrophy in healthy adults: A 
systematic review and Bayesian network meta-analysis. 
British Journal of Sports Medicine, 1211–1220. https://doi.
org/10.1136/bjsports-2023-106807

Dolci, F., Kilding, A. E., Chivers, P., Piggott, B., & Hart, N. H. 
(2020). High-Intensity Interval Training Shock Microcycle 
for Enhancing Sport Performance : A Brief Review. Journal 
of Strength and Conditioning Research, 34(4), 1188–1196.

Elbadry, N., Hamza, A., Pietraszewski, P., Alexe, D. I., & 
Lupu, G. (2019). Effect of the French Contrast Method 
on Explosive Strength and Kinematic Parameters of the 
Triple Jump Among Female College Athletes by. Journal of 
Human Kinetics, 69(1), 225–230. https://doi.org/10.2478/
hukin-2019-0047

Escobar Hincapié, A., Agudelo Velásquez, C. A., Ortiz Uribe, 
M., García Torres, C. A., & Rojas Jaramillo, A. (2021). 
Unilateral and Bilateral Post-Activation Performance 
Enhancement on Jump Performance and Agility. 
International Journal of Environmental Research and 
Public Health, 18(19), 10154. https://doi.org/10.3390/
ijerph181910154

Fabrin, S. C. V., Palinkas, M., Fioco, E. M., Gomes, G. G. C., 
Regueiro, E. M. G., da Silva, G. P., Siéssere, S., Verri, E. 
D., & Regalo, S. C. H. (2023). Functional assessment of 
respiratory muscles and lung capacity of CrossFit athletes. 
Journal of Exercise Rehabilitation, 19(1), 67–74. https://



78  DOI 10.26773/mjssm.250308

COMPLEX VS FRENCH CONTRAST TRAINING | I. N. K. VALAPPIL ET AL.

doi.org/10.12965/jer.2244594.297
França, C., Gouveia, É., Caldeira, R., Marques, A., Martins, 

J., Lopes, H., Henriques, R., & Ihle, A. (2022). Speed 
and Agility Predictors among Adolescent Male Football 
Players. International Journal of Environmental Research 
and Public Health, 19(5), 2856. https://doi.org/10.3390/
ijerph19052856

Gould, C. (2021). How to Utilize Contrast Training for 
Strength, Power, and Performance. NCSA’s Personal 
Training Quarterly, 7(3), 30–46. NSCA.COM

Grgic, J., Schoenfeld, B. J., & Mikulic, P. (2021). Effects of 
plyometric vs . resistance training on skeletal muscle 
hypertrophy : A review. Journal of Sport and Health 
Science, 10(5), 530–536. https://doi.org/10.1016/j.
jshs.2020.06.010

Güllich, A. (2014). Many roads lead to Rome – Developmental 
paths to Olympic gold in men ’ s field hockey. European 
Journal of Sport Science, 14(8), 763–771. https://doi.org/1
0.1080/17461391.2014.905983

Hammami, M., Gaamouri, N., Aloui, G., Shephard, R. J., & 
Chelly, M. S. (2019). Effects of a complex strength-training 
program on athletic performance of junior female handball 
players. International Journal of Sports Physiology and 
Performance, 14(2), 163–169. https://doi.org/10.1123/
ijspp.2018-0160

Ingle, L., Sleap, M., & Tolfrey, K. (2006). The effect of a 
complex training and detraining programme on selected 
strength and power variables in early pubertal boys. 
Journal of Sports Sciences, 24(9), 987–997. https://doi.
org/10.1080/02640410500457117

Jeong, G., & Chun, B. (2021). Analysis of the relationship 
between obesity factors and health-related physical fitness 
factors among people with intellectual disabilities in South 
Korea. International Journal of Environmental Research 
and Public Health, 18(12). https://doi.org/10.3390/
ijerph18126533

Josef, A. A. (2018). The Effects of Complex Training 
Interventions on Measures of Performance and Body 
Composition : An indepth Analysis. In DIPLOMARBEIT 
/ DIPLOMA THESIS. University of Vienna.

K V, I. N., Vasanthi, G., Elayaraja, M., Murugesan, R., 
Govindasamy, K., & Gogoi, H. (2024). Impact of french 
contrast training on field hockey players’ biomotor and 
physiological parameters: a pretest-posttest study. Retos, 
58, 1097–1105. https://doi.org/10.47197/retos.v58.106974

Kanniyan, A. S., & Syed, I. (2013). Effect of complex and 
contrast training on the physiological and bio-motor 
variables of men soccer players. British Journal of 
Sports Medicine, 47(10), e3. https://doi.org/10.1136/
bjsports-2013-092558.26

Kayhan, R. F., Bayrakdaroğlu, S., Ceylan, H. İ., Eken, Ö., 
Bayrakdaroğlu, Y., Badicu, G., Al-Mhanna, S. B., Enoiu, 
R. S., & Ardigò, L. P. (2024). Effects of different rest 
intervals in high intensity interval training programs on 
VO2max, body composition, and isokinetic strength and 
power. Journal of Men’s Health, 20(5), 1–11. https://doi.
org/10.22514/jomh.2024.064

Koca, K., & Recvan, S. (2023). The Effects of Resistance 
Training Applied to Elite Field Hockey Players on Some 
Strength Parameters. / Elit Çim Hokeycilere Uygulanan 
Direnç Antrenmanlarının Bazı Kuvvet Parametreleri 
Üzerine Etkileri. Turkish Journal of Sport & Exercise / 

Türk Spor & Egzersiz Dergisi, 25(1), 74–82. https://search.
ebscohost.com/login.aspx?direct=true&db=s3h&AN=164
745978&amp%0Alang=es&site=ehost-live

Kumar, G., Pandey, V., Thapa, R. K., Weldon, A., Granacher, 
U., & Ramirez-Campillo, R. (2023). Effects of Exercise 
Frequency with Complex Contrast Training on Measures 
of Physical Fitness in Active Adult Males. Sports, 11(1). 
https://doi.org/10.3390/sports11010011

Kumar, P., Sehgal, N., Singh, D., Kaur, D., Elayaraja, M., 
Palanivel, S., ... & Govindasamy, K. (2024). Investigating 
the Effectiveness of 12 Weeks of Kettlebell Training 
Compared to Bodyweight Resistance Training on Body 
Composition in Young Adult Males. Sport Mont, 22(3), 
127-135. https://doi: 10.26773/smj.241020

Lesinski, M., Herz, M., Schmelcher, A., & Granacher, U. 
(2020). Effects of Resistance Training on Physical Fitness in 
Healthy Children and Adolescents : An Umbrella Review. 
Sports Medicine, 50, 1901–1928. https://doi.org/10.1007/
s40279-020-01327-3

Lombard, W. P., Cai, X., Lambert, M. I., Chen, X., & Mao, L. 
(2021). Relationships between physiological characteristics 
and match demands in elite-level male field hockey players. 
International Journal of Sports Science & Coaching, 16(4), 
985–993. https://doi.org/10.1177/1747954121998065

Martín-Fuentes, I., & van den Tillaar, R. (2022). Relationship 
between Step-by-Step Foot Kinematics and Sprint 
Performance. International Journal of Environmental 
Research and Public Health, 19(11), 6786. https://doi.
org/10.3390/ijerph19116786

McGuinness, A., Malone, S., Petrakos, G., & Collins, K. (2017). 
Physical and physiological demands of elite international 
female field hockey players during competitive 
match play. Journal of Strength and Conditioning 
Research, 33(11), 3105–3113. https://doi.org/10.1519/
JSC.0000000000002158

McGuinness, A., Passmore, D., Malone, S., & Collins, K. 
(2020). Peak running intensity of elite female field hockey 
players during competitive match play. Journal of Strength 
and Conditioning Research, 36(4), 1064–1070. https://doi.
org/10.1519/JSC.0000000000003582

Michael, L., Chris, F., & Christopher, T. (2022). The French 
Contrast Method—Theory and application. National 
Strength and Conditioning Association, 9(4), 1–4. 
papers2://publication/uuid/39B986CC-A380-4276-9979-
3F9378DF7115

Monnerat, G., Sánchez, C. A. R., Santos, C. G. M., Paulucio, 
D., Velasque, R., Evaristo, G. P. C., Evaristo, J. A. M., 
Nogueira, F. C. S., Domont, G. B., Serrato, M., Lima, A. S., 
Bishop, D., Campos de Carvalho, A. C., & Pompeu, F. A. 
M. S. (2020). Different signatures of high cardiorespiratory 
capacity revealed with metabolomic profiling in Elite 
Athletes. International Journal of Sports Physiology and 
Performance, 15(8), 1156–1167. https://doi.org/10.1123/
IJSPP.2019-0267

Morse, C., & Biggerstaff, K. D. (2024). The Effects of Height on a 
Margaria-Kalamen Stair Step Test. 645. https://hdl.handle.
net/11274/16192

Moscatelli, F., Messina, G., Polito, R., Porro, C., Monda, 
V., Monda, M., … & Valenzano, A. (2023). Aerobic and 
Anaerobic Effect of CrossFit Training: A Narrative Review. 
Sport Mont, 21(1), 123-128. doi: 10.26773/smj.230220

Motimath, B., & Rajan, M. (2020). Average heart rate 



COMPLEX VS FRENCH CONTRAST TRAINING | I. N. K. VALAPPIL ET AL.

 DOI 10.26773/mjssm.250308 79

recovery in marathon runners: An observational study. 
Physiotherapy - The Journal of Indian Association of 
Physiotherapists, 14(2), 89. https://doi.org/10.4103/pjiap.
pjiap_21_19

Nasrulloh, A., Prasetyo, Y., Nugroho, S., Yuniana, R., & 
Pratama, K. W. (2022). The effect of weight training with 
compound set method on strength and endurance among 
archery athletes. Journal of Physical Education and Sport, 
22(6), 1457–1463. https://doi.org/10.7752/jpes.2022.06183

Ndlomo, K., Lombard, A., & Green, A. (2023). The effects 
of high-intensity training on aerobic capacity of football 
players. Journal of Physical Education and Sport., 23(9), 
2291–2299. https://doi.org/10.7752/jpes.2023.09263

Ojeda, Á. H., Ríos, L. C., Barrilao, R. G., & Serrano, P. C. 
(2016). Acute effect of a complex training protocol of back 
squats on 30-m sprint times of elite male military athletes. 
Journal of Physical Therapy Science, 28(3), 752–756. 
https://doi.org/10.1589/jpts.28.752

Oliver, J. L., Kumar, A., Utkarsh, R., Rodrigo, S., Campillo, R., 
& Lloyd, R. S. (2024). The Effects of Strength , Plyometric 
and Combined Training on Strength , Power and Speed 
Characteristics in High - Level , Highly Trained Male 
Youth Soccer Players : A Systematic Review and Meta - 
Analysis. Sports Medicine, 54(3), 623–643. https://doi.
org/10.1007/s40279-023-01944-8

Pauli, P. H., de Borba, E. F., da Silva, M. P., Martins, M. V. 
S., Batista, M. M., & Tartaruga, M. P. (2023). Effects of 
Complex and Contrast Training on Strength, Power, and 
Agility in Professional Futsal Players: A Preliminary Study. 
Journal of Science in Sport and Exercise, 1–8. https://doi.
org/10.1007/s42978-023-00238-9

Pešič, M., Kranjc, S., Fink, M., Meh, S. G., Djurić, D., & Kozinc, 
Ž. (2024). Rate of Force Development Scaling Factor in 
Hamstring Muscles: Feasibility and Relationship to Deadlift 
Performance among Resistance Trained Individuals. Sport 
Mont, 22(2), 3-8. https://doi.org/10.26773/smj.240701

Pramod, R., & K, D. (2023). Effects of Inter-Set Recovery of 
Plyometric Training on Anaerobic Power and Explosive 
Power. Journal of Pharmaceutical Negative Results, 14, 
1727–1734. https://doi.org/10.47750/pnr.2023.14.03.224

Ramasamy, S., Franklin, J., Govindhara, P., & Panneerselvam, 
S. (2022). The effect of core training on dynamic balance 
and strength endurance in junior field hockey players. 
Baltic Journal of Health and Physical Activity, 14(4), 7.

Ramirez-campillo, R., Garc-Hermoso, A., Moran, J., Chaabene, 
H., Negra, Y., & Scanlan, A. T. (2022). The effects of 
plyometric jump training on physical fitness attributes in 
basketball players : A meta-analysis. Journal of Sport and 
Health Science, 11, 656–670. https://doi.org/10.1016/j.
jshs.2020.12.005

Ramirez-campillo, R., García-de-alcaraz, A., & Chaabene, H. 
(2021). Effects of Plyometric Jump Training on Physical 
Fitness in Amateur and Professional Volleyball : A Meta-
Analysis. Frontiers in Physiology, 12, 636140. https://doi.
org/10.3389/fphys.2021.636140

Rathi, A., Sharma, D., & Thapa, R. K. (2023). Effects of 
complex-descending versus traditional resistance training 
on physical fitness abilities of female team sports athletes. 
Biomedical Human Kinetics, 15(1), 148–158. https://doi.
org/10.2478/bhk-2023-0018

Rebelo, A., Pereira, J. R., Martinho, D. V., & Valente-Dos-
santos, J. (2023). Effects of a Velocity-Based Complex 

Training Program in Young Female Artistic Roller Skating 
Athletes. Journal of Human Kinetics, 86(January), 217–
234. https://doi.org/10.5114/jhk/159654

Reimers, A. K., Knapp, G., & Reimers, C. D. (2018). Effects of 
exercise on the resting heart rate: A systematic review and 
meta-analysis of interventional studies. Journal of Clinical 
Medicine, 7(12), 503. https://doi.org/10.3390/jcm7120503

Robbins, D. W. (2005). Postactivation potentiation and its 
practical applicability. Journal of Strength and Conditioning 
Research, 19(2), 453–458. https://journals.lww.com/
nsca-jscr/abstract/2005/05000/POSTACTIVATION_
POTENTIATION_AND_ITS_PRACTICAL.35.aspx

Saeterbakken, A. H., Stien, N., Andersen, V., Scott, S., 
Cumming, K. T., Behm, D. G., Granacher, U., & Prieske, 
O. (2022). The Effects of Trunk Muscle Training on 
Physical Fitness and Sport - Specific Performance in 
Young and Adult Athletes : A Systematic Review and Meta 
- Analysis. Sports Medicine, 52(7), 1599–1622. https://doi.
org/10.1007/s40279-021-01637-0

Salam, M. B., & Sherif, S. (2020). Effect of French contrast 
training on bone mineral density and complex skills 
performance for soccer players. Science, Movement and 
Health, XX(2), 142–148.

Salehi, M., Mashhadi, N. S., Shekarchizadeh, P., Esfahani, Feizi, 
A., Hadi, A., & Askari, G. (2017). The Effects of Curcumin 
Supplementation on Muscle Damage, Oxidative Stress, 
and Inflammatory Markers in Healthy Females with 
Moderate Physical Activity: A Randomized, Double-Blind, 
Placebo-Controlled Clinical Trial. International Journal of 
Preventive Medicine, 12(94), 1–6. https://doi.org/10.4103/
ijpvm.IJPVM

Stokes, M. J., Witchalls, J., Waddington, G., & Adams, R. 
(2020). Can musculoskeletal screening test fi ndings guide 
interventions for injury prevention and return from injury 
in field hockey ? Physical Therapy in Sport, 46, 204–213. 
https://doi.org/10.1016/j.ptsp.2020.09.009

Thapa, R. K., Kumar, A., Kumar, G., & Narvariya, P. (2020). A 
combination of ballistic exercises with slow and fast stretch-
shortening cycle induces post-activation performance 
enhancement. Trends in Sport Sciences, 27(4), 203–211. 
https://doi.org/10.23829/TSS.2020.27.4-3

Thapa, R. K., Kumar, G., Weldon, A., Moran, J., Chaabene, 
H., & Ramirez-Campillo, R. (2023). Effects of complex-
contrast training on physical fitness in male field hockey 
athletes. Biomedical Human Kinetics, 15(1), 201–210. 
https://doi.org/10.2478/bhk-2023-0024

Thiele, D., Prieske, O., Chaabene, H., & Granacher, U. (2020). 
Effects of strength training on physical fitness and sport-
specific performance in recreational , sub- elite , and 
elite rowers : A systematic review with. Journal of Sports 
Sciences, 38(10), 1186–1195. https://doi.org/10.1080/0264
0414.2020.1745502

Türkarslan, B., & Deliceoğlu, G. (2024). The Effects of the 
French Contrast method on Soccer Player’s Jumping, 
Sprinting and Balance Performance. Journal of 
Musculoskeletal Neuronal Interactions, 24(2), 209–215.

Turner, A. N., Jones, B., Stewart, P., Bishop, C., Parmar, N., 
Chavda, S., & Read, P. (2019). Total Score of Athleticism : 
Holistic Athlete Profiling to Enhance Decision- Making. 
Strength and Conditioning Journal, 41(6), 91.101. https://
doi.org/10.1519/SSC.0000000000000506

Vasconcelos, B. B., Protzen, G. V, Galliano, L. M., & Kirk, 



80  DOI 10.26773/mjssm.250308

COMPLEX VS FRENCH CONTRAST TRAINING | I. N. K. VALAPPIL ET AL.

C. (2020). Effects of High-Intensity Interval Training in 
Combat Sports : A Systematic Review with Meta-Analysis. 
Journal of Strength and Conditioning Research, 34(3), 
888–900. https://doi.org/10.1519/JSC.0000000000003255

Villalon-gasch, L., Penichet-tomas, A., Sebastia-amat, S., 
Pueo, B., & Jimenez-olmedo, J. M. (2022). Postactivation 
Performance Enhancement ( PAPE ) Increases Vertical 
Jump in Elite Female Volleyball Players. International 
Journal of Environmental Research, 19(1), 462. https://doi.
org/10.3390/ijerph19010462

Vincent, H. K., Brownstein, M., & Vincent, K. R. (2022). Injury 
Prevention, Safe Training Techniques, Rehabilitation, and 
Return to Sport in Trail Runners. Arthroscopy, Sports 
Medicine, and Rehabilitation, 4(1), e151–e162. https://doi.
org/10.1016/j.asmr.2021.09.032

Viran, S., Canli, U., & Cem, K. (2022). Relationship Between 
Soccer-Specific Skills and Skill-Related Fitness in 
Adolescent Soccer Players. Turkish Journal of Sport 
and Exercise, 24(1), 115–121. https://doi.org/10.15314/
tsed.1065960

Welch, M. L., Lopatofsky, E. T., Morris, J. R., & Taber, C. 

B. (2019). Effects of the French Contrast Method on 
Maximum Strength and Vertical Jumping Performance. 
Exercise Science Faculty Publications Physical Therapy & 
Human Movement Science, 1–5. https://digitalcommons.
sacredheart.edu/pthms_exscifac/42/

Zabaloy, S., Giráldez, J., Gazzo, F., Villaseca-Vicuña, R., & 
González, J. (2021). In-Season Assessment of Sprint 
Speed and Sprint Momentum in Rugby Players According 
to the Age Category and Playing Position. Journal of 
Human Kinetics, 77(1), 274–286. https://doi.org/10.2478/
hukin-2021-0025

Zhang, F., Bi, C., Yin, X., Chen, Q., Li, Y., Liu, Y., Zhang, T., Li, 
M., Sun, Y., & Yang, X. (2021). Physical fitness reference 
standards for Chinese children and adolescents. Scientific 
Reports, 11(1), 1–12. https://doi.org/10.1038/s41598-021-
84634-7

Zimmermann, H. B., MacIntosh, B. R., & Dal Pupo, J. 
(2020). Does postactivation potentiation (PAP) increase 
voluntary performance? Applied Physiology, Nutrition, 
and Metabolism, 45(4), 349–356. https://doi.org/10.1139/
apnm-2019-0406


