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Abstract

Neuromuscular training is increasingly recognised for enhancing football performance 
and athletes’ capacity to tolerate the repetitive high-intensity demands of match play. The 
French Contrast Method (FCM) combines heavy resistance, plyometric, and ballistic ex-
ercises within a post-activation performance enhancement framework, yet evidence in 
elite youth players during the competitive season remains limited. This study examined 
the effects of an eight-week in-season FCM program on reactive strength, neuromuscular 
performance, maximal strength, anaerobic performance, and short-distance sprint ability. 
Twenty-eight elite male youth football players were randomly assigned to an experimental 
group (FCM plus regular football training; n = 14) or a control group (regular training 
only; n = 14), training twice weekly for eight weeks. Outcome measures included the 
Reactive Strength Index Modified (RSImod), countermovement jump-derived variables, 
10 m sprint performance, Wingate anaerobic parameters, and one-repetition maximum 
(1RM) strength. Data were analysed using mixed-design repeated-measures ANOVA. 
Significant group × time interactions favoured the FCM group for RSImod, back squat 
1RM, propulsive phase duration, average power, and fatigue index (p < 0.05), whereas no 
interactions emerged for 10 m sprint, flight time, jump height, or bench press 1RM. The 
findings indicate that adding an eight-week FCM training programme to regular soccer 
training results in changes to specific performance outcomes in elite young soccer players. 
However, because direct neuromuscular measures were not assessed, the underlying mech-
anisms responsible for these changes cannot be confirmed. Therefore, the results should be 
interpreted in terms of the observed performance outcomes rather than as direct evidence 
of neuromuscular adaptations.

Keywords: French contrast training; integrated training; plyometric training; neuromuscular 
adaptation; reactive strength; explosive performance; sprint acceleration; football; anaerobic 
power; force-vector specificity
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1. Introduction
Modern football is characterized by high-intensity intermittent activity, variable physi-

cal demands, and limited recovery opportunities between demanding actions [1–4]. Al-
though aerobic metabolism supports the overall activity profile of football, decisive actions 
such as sprinting, jumping, and changing direction require substantial contributions from 
anaerobic energy pathways and the capacity to produce force rapidly [2,3]. Accordingly, 
contemporary conditioning programmes increasingly incorporate training strategies in-
tended to improve lower-limb strength, explosive performance, and the ability to execute 
high-intensity actions during competition [5–8].

The French Contrast Method (FCM) is a complex–contrast training approach that 
combines heavy resistance exercise, plyometric exercise, loaded ballistic exercise, and as-
sisted ballistic exercise within a structured training sequence [5,6]. By exposing athletes to 
different loading conditions and movement velocities, FCM aims to develop force and power 
across a broad portion of the force–velocity spectrum [7,8]. The rationale for this approach 
is partly informed by research on post-activation performance enhancement (PAPE), which 
describes an acute improvement in voluntary performance following a conditioning activity. 
However, acute performance responses observed after an individual exercise sequence must 
be distinguished from chronic training adaptations resulting from repeated exposure over 
several weeks [5,8]. Acute responses may provide a theoretical rationale for the sequencing 
of exercises within FCM, but they do not establish that the same mechanisms account for 
changes observed after a prolonged training intervention. Because acute post-activation 
performance responses were not assessed in the present study, the effects of the eight-week 
programme should be interpreted in terms of the measured pre-to-post changes in physical 
performance rather than presumed acute potentiation mechanisms. Previous investigations 
have reported improvements in selected performance outcomes following FCM in football 
players [9,10], while a systematic review and meta-analysis has also reported beneficial 
effects of FCM on lower-limb athletic performance in healthy adults [11]. Nevertheless, 
training responses may vary according to the intervention protocol, participant characteris-
tics, comparison condition, and performance outcome assessed [8,12]. Therefore, the effects 
of FCM should be evaluated across distinct performance domains rather than assuming 
that improvement in one physical quality necessarily transfers to all others.

Reactive strength is commonly discussed in relation to the stretch–shortening cycle 
(SSC), which involves the coordinated actions of eccentric and concentric muscle activ-
ity during movements such as jumping [13]. Elastic energy storage and the temporal 
organization of SSC actions have been proposed as relevant contributors to explosive per-
formance [14,15]. However, the interpretation of reactive strength depends on the test and 
the variables used to quantify it. In particular, the conventional reactive strength index 
(RSI), generally derived from drop-jump performance as jump height divided by ground 
contact time, must be distinguished from the modified reactive strength index (RSImod), 
which is calculated from countermovement jump (CMJ) height divided by time to take-off. 
Although both indices provide information relevant to explosive performance, they are 
derived from different tasks and temporal variables and should not be treated as inter-
changeable measures [13]. RSImod reflects the combined relationship between jump height 
and time to take-off; it does not directly quantify the duration of the amortization phase or 
establish that this phase has become shorter. Likewise, although CMJ-derived variables 
have been investigated in the context of acute neuromuscular fatigue, changes in these 
variables should not automatically be interpreted as direct evidence of fatigue or of a specific 
neuromuscular mechanism [13,16]. In the present study, RSImod was therefore considered 
a performance outcome, while the interpretation of its change was restricted to the variables 
actually measured.
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Sprint performance represents a further, distinct performance domain. Acceleration 
depends on the athlete’s ability to apply force effectively in the horizontal direction, to-
gether with the mechanical and technical characteristics of sprinting [17,18]. Consequently, 
improvements in vertically oriented explosive performance do not necessarily produce 
proportional improvements in short-distance sprint performance, although transfer be-
tween these domains remains possible [19,20]. This distinction is particularly relevant when 
evaluating an intervention that combines several strength and power exercises rather than 
relying exclusively on sprint-specific practice. The inclusion of broad jumps and assisted 
sprints within an FCM programme provides a rationale for investigating its potential effects 
on sprint performance; it does not, by itself, establish whether the sprint-specific stimulus is 
sufficient or insufficient to improve acceleration. Accordingly, sprint performance should be 
assessed as a separate outcome, and its response should be determined empirically rather 
than prespecified as an expected absence of improvement.

In youth football, maintaining physical performance throughout the competitive season 
is an important consideration for athlete development. Injury prevention, player availability, 
and long-term health are also relevant broader concerns; however, these outcomes require 
dedicated assessment and cannot be inferred directly from changes in strength, jumping, 
or sprint tests. The present study did not assess injury incidence, athlete availability, or 
long-term health outcomes. These considerations therefore provide background context 
rather than hypothesized direct effects of the intervention. The primary rationale for the 
present investigation is to determine whether adding an eight-week FCM programme to 
regular in-season football training produces different changes in the physical performance 
outcomes assessed in elite male youth football players. Although interest in FCM has 
increased, the specific responses of elite youth football players across several complementary 
performance domains require further investigation. The present study addressed this issue 
by examining changes following an eight-week FCM intervention in RSImod, short-distance 
sprint performance, Wingate anaerobic performance, maximal strength, and CMJ-derived 
variables. In addition, the Propulsive Phase Relative Index (PPRI), an exploratory CMJ-
derived variable intended to characterize aspects of propulsive-phase performance, was 
included as a secondary outcome. Because PPRI has not been independently validated, 
its findings were interpreted cautiously and were not treated as equivalent to established 
performance measures. By evaluating established outcomes alongside this exploratory 
variable, the study aimed to characterize the range of performance changes associated with 
the intervention without assuming a specific underlying neuromuscular mechanism.

The aim of this study was to investigate the effects of an eight-week FCM programme, 
performed in addition to regular in-season football training, on reactive strength as assessed 
by RSImod, 10 m sprint performance, Wingate anaerobic performance, maximal strength, 
and CMJ-derived variables in elite male youth football players. PPRI was examined as an ex-
ploratory secondary outcome. It was hypothesized that the FCM group would demonstrate 
greater improvements than the control group in selected explosive and anaerobic perfor-
mance outcomes. Because sprint acceleration represents a distinct performance domain 
and the direction of transfer from combined strength–power training cannot be assumed 
from jumping outcomes alone, the response of 10 m sprint performance was evaluated 
separately rather than presuming in advance that no improvement would occur.

2. Materials and Methods
2.1. Research Design

This research was planned as a parallel group randomized controlled trial with pre-
test/post-test methodology in accordance with the CONSORT guidelines [21]. This study 
investigated the impact of 8 weeks of FCM training on RS, anaerobic performance, 10 m 
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sprint performance, and associated neuromuscular responses among elite youth football 
players. The main outcomes were RSImod, 10 m sprint performance, average power in 
the Wingate test, fatigue index, and maximum strength. Secondary outcomes comprised 
CMJ-derived variables, including jump height, flight time, time to take-off, propulsive phase 
duration, and the exploratory PPRI, providing a more comprehensive characterization of 
neuromuscular performance.

Participants were randomly assigned to either an experimental group (FCM) or a 
control group using a 1:1 allocation ratio. Randomization was performed using a computer-
generated random sequence (randomizer.org, accessed on 15 April 2026) by an independent 
researcher who was not involved in testing or intervention delivery. Allocation concealment 
was achieved using sequentially numbered, opaque, sealed envelopes that were opened 
after baseline assessments. Because of the nature of the intervention, participant blinding 
was not possible. However, outcome assessors and the statistician responsible for data 
analysis were blinded to group allocation.

Both groups continued their regular in-season football training throughout the study 
period. In addition to routine football training, the experimental group completed the FCM 
intervention twice weekly for eight weeks. The control group maintained its regular training 
program. Pre- and post-intervention assessments were conducted under standardized labo-
ratory conditions at the Atatürk University Sports Sciences Application and Research Centre. 
FCM sessions were performed between 17:00 and 19:00 on non-consecutive training days.

2.2. Participants
Initially, 35 elite male youth football players from the Erzurumspor F.K. Academy com-

peting in the U-18 category of the 2025–2026 National Development League were screened 
for eligibility. Four players declined participation, and three were excluded for health-related 
reasons. The remaining 28 players were randomly assigned to the experimental (n = 14) 
or control group (n = 14). The experimental group had a mean age of 18.35 ± 0.84 years, 
height of 180.21 ± 4.81 cm, and body mass of 73.26 ± 6.16 kg. Corresponding values for the 
control group were 18.28 ± 0.72 years, 179.21 ± 6.62 cm, and 69.87 ± 8.07 kg.

The study sample size was determined using G*Power version 3.1.9.7 (Heinrich Heine 
University Düsseldorf, Düsseldorf, Germany). The original trial registration specified a 
planned sample size of 28 participants and identified two primary outcomes. Following a 
reassessment of the study design and sample-size requirements, the protocol and trial reg-
istration were amended on 04 March 2026 to specify a total target sample of 28 participants 
and a single primary outcome: anaerobic power score. The revised sample-size calculation, 
which indicated a required total sample of 28 participants, was performed before partic-
ipant enrolment. The analysis was based on the planned Group × Time interaction for 
the primary outcome, Y-Balance performance, using an F test for ANOVA with repeated 
measures (within-between interaction). The assumed effect size was Cohen’s f = 0.50, cor-
responding to a partial eta squared of approximately ηp2  = 0.20, based on the relationship 
f = √[ηp2 /(1 − ηp2 )]. The analysis used an alpha level of 0.05, a statistical power of 0.95, 
two groups, and two repeated measurements. The assumed correlation between repeated 
measurements was 0.50, and the nonsphericity correction was set to ε = 1.0. The final sam-
ple comprised 28 participants, who were allocated equally to the French Contrast Method 
(FCM) group (n = 14) and the control group (n = 14). The amendment to the sample-size 
target and primary outcome hierarchy was made before enrolment of the first participant 
and before access to post-intervention outcome data, as documented in the study records. 
Participants were randomly allocated to either the FCM group or the control group in a 
1:1 ratio. The allocation sequence was implemented using sealed envelopes. The experimen-
tal group completed two additional French Contrast Method (FCM) training sessions per 
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week for eight weeks alongside their regular football training, whereas the control group 
continued their regular football training without the additional FCM sessions. Accordingly, 
the study evaluated the effects of adding an FCM training programme to regular football 
training, rather than isolating the effects of the FCM sequence from those of additional 
training volume or exposure.

Participants met the following inclusion criteria: (a) participation in organized 
academy-level football training for at least 3 years, (b) regular participation in ≥80% of 
scheduled team training sessions during the previous competitive season, and (c) no mus-
culoskeletal injury or neuromuscular disorder within the previous 6 months. Participants 
were excluded if they: (a) presented with any medical or orthopaedic condition affecting 
performance, (b) failed to maintain the minimum attendance requirement during the in-
tervention, (c) participated in additional structured strength-training programs outside 
the club schedule, or (d) used ergogenic aids or medications affecting neuromuscular per-
formance. Eligibility criteria were assessed before enrolment. Throughout the eight-week 
intervention, attendance at the scheduled training sessions was monitored using [Com-
pleted sessions/160 × 100 (156/160 × 100 = 97.5)]. Accordingly, a participation rate of 97.5% 
was achieved. Participants were instructed to report any illness, injury, or other circum-
stance that could affect their eligibility to continue participating, and any such occurrences 
were documented. The experimental group was scheduled to complete 16 FCM sessions 
over the intervention period. The prescribed FCM exercise sequence and exercise selection 
remained unchanged throughout the study; no exercises were replaced or omitted from the 
planned protocol. Training loads and exercise progression were implemented according 
to the prescribed intervention protocol. The number and percentage of completed FCM 
sessions, together with attendance in the regular football training programme, are reported 
for the experimental group.

All participants and their legal guardians received written and verbal explanations 
regarding the experimental procedures before providing written informed consent. All 
procedures were in accordance with the Declaration of Helsinki. The study procedures 
were approved by the Gümüşhane University Scientific Publication and Ethics Committee 
(Approval No: E-95674917-108.99-379723; 12 November 2025). Participant enrollment, 
group allocation, follow-up, and data analysis procedures throughout the study are pre-
sented in Figure 1. Before enrollment, all participants and, where applicable, their legal 
guardians received detailed information regarding the study procedures, potential risks, 
and benefits, and written informed consent was obtained prior to participation. Participant 
assent was also obtained where applicable. The randomized controlled trial was prospec-
tively registered with ClinicalTrials.gov (Date: 28 March 2026, ID: NCT07511348, Brief 
Title: “Neuromuscular Adaptations Following Eight Weeks of French Contrast Training in 
Elite Youth Football Players: Implications for Athlete Health and Performance”) prior to 
enrollment of the first participant. The first participant was enrolled on 10 April 2026. The 
intervention lasted eight weeks, followed by the planned post-intervention assessments, 
and the study was completed after all protocol-specified data collection procedures had 
been finalized. Throughout the eight-week intervention, both groups continued the club’s 
regular in-season football training programme, which comprised four on-field sessions 
per week. The experimental group additionally completed two FCM sessions per week on 
separate days (Friday and Tuesday).
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Figure 1. CONSORT flow diagram illustrating participant enrolment, randomization, allocation, 
follow-up, and analysis procedures.

2.3. Procedures
Participants were instructed to maintain their habitual diet and sleep routines and 

to avoid strenuous physical activity for 24 h before testing. All assessments were per-
formed between 10:00 AM and 02:00 PM to minimize circadian variation [22]. Before 
performance testing, participants completed a standardized 15 min warm-up consisting of 
low-intensity running, dynamic lower-limb mobility exercises, progressive accelerations, 
change-of-direction drills, and submaximal plyometric actions. Following the warm-up, 
maximal strength assessments were performed for the back squat and bench press exercises 
using standardized one-repetition maximum (1RM) procedures. Loads were progressively 
increased by 2.5–5 kg for the bench press and 5–10 kg for the back squat until the maximal 
successful lift was achieved within three to five attempts. Rest intervals of two to three min-
utes were used for submaximal attempts, and three to five minutes were provided between 
maximal attempts. A successful repetition was defined as completion of the movement 
through the full range of motion (crease of the hip drops below the top of the patella) 
without technical compensation. Direct trap-bar deadlift 1RM testing was not performed 
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to minimize excessive fatigue and disruption to the in-season training schedule. Instead, 
relative loading for trap-bar exercises was estimated according to back squat performance. 
The physical performance tests were conducted over three separate testing sessions. Coun-
termovement jump and 10 m sprint assessments were performed during the first session, 
the back squat and bench press one-repetition maximum (1RM) tests during the second 
session, and the Wingate anaerobic test during the third session. The interval between 
sessions was 48 h. We standardised the test sequence and recovery intervals between the 
pre-intervention and post-intervention assessments. Direct trap-bar deadlift 1RM testing 
was not performed to minimise additional testing-related fatigue and disruption to the 
in-season training schedule. Instead, trap-bar deadlift loading was prescribed using the 
back-squat-based loading procedure implemented in the training protocol. Consequently, 
the prescribed loads should not be interpreted as percentages of a directly measured trap-bar 
deadlift 1RM.

2.4. Performance Assessments
2.4.1. Anthropometric and Body Composition Measurements

Height and body weight were measured by means of a stadiometer and digital scales 
(Seca, Hamburg, Germany; Beurer, Ulm, Germany). Height was measured in centimeters 
up to 0.1 cm, while body weight was determined in kilograms up to 0.1 kg [23]. The study 
was conducted barefoot and in light clothing. Air-displacement Plethysmography (BOD 
POD) was used for measuring body composition characteristics such as percentage of body 
fat, fat-free mass, BMI, and basal metabolic rate.

2.4.2. Countermovement Jump Test
Vertical ground-reaction force (vGRF) data were collected using a dual uniaxial force-

platform system (ForceDecks FD4000; VALD Performance, Brisbane, Australia) at a sam-
pling frequency of 1000 Hz. Countermovement jump (CMJ) metrics were analysed using 
the proprietary ForceDecks software (version 2.4, VALD Performance). Movement onset 
was identified using the software’s automated detection algorithm, defined as the first 
instance where the vGRF deviated by ±20 N from the baseline system mass determined 
during a 2 s quiet standing period. Take-off was operationally defined as the exact time point 
at which the vertical force dropped below a threshold of 20 N. Time to take-off (contraction 
time) was calculated as the duration between movement onset and take-off [13,24]. The 
concentric phase was defined as the interval from the point of minimum centre-of-mass 
displacement (corresponding to zero velocity) to the instant of take-off, with concentric 
duration calculated accordingly. Jump height was calculated via the impulse–momentum 
method based on the mathematical integration of the net force-time curve, whereas flight 
time was defined as the interval between take-off and landing. The modified reactive 
strength index (RSImod) was calculated as jump height divided by time to take off. The 
calculation was checked against the operational definitions and units of the underlying CMJ 
variables. The PPRI calculation was also reviewed to ensure that its formula, units, and 
interpretation were consistent with the recorded force-platform outputs. Lastly, the Peak 
Power Relative Impulse (PPRI) was calculated as peak power divided by concentric net 
impulse (expressed in W·N−1 ·s−1 ), reflecting the efficacy of mechanical power generation 
per unit of propulsive impulse. The best result was used in the analysis. The ICC for the CMJ 
assessment was 0.819, indicating good reliability according to established interpretation 
thresholds [25].
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2.4.3. Wingate Anaerobic Test (WAnT)
The Wingate anaerobic test was performed using a Monark 894E peak bike (Monark 

Exercise AB, Vansbro, Sweden). Before the test, participants completed a standardised 
warm-up consisting of 5 min of pedalling at 60–70 rpm against a light load (60 W), in-
terspersed with two 3 s all-out sprints, followed by a 3 min passive recovery on the 
bike. The Wingate test lasted 30 s and was performed against a resistance of 8.5% of 
the participant’s body mass [26]. Participants were instructed to accelerate to their maxi-
mum cadence immediately upon a 3 s countdown and maintain an all-out maximal effort 
throughout the entire duration under vigorous verbal encouragement [27]. The recov-
ery interval between the preceding performance tests and the Wingate test was 15 min. 
The sequence of testing procedures and the rest intervals between tests were standard-
ised across participants. The fatigue index (FI) was calculated using the following for-
mula: FI (%) = [(Peak Power − Minimum Power)/Peak Power] × 100. In this equation, 
peak power represents the highest mechanical power output achieved during the test (W), 
and minimum power represents the lowest power output recorded during the final 5 s of 
the test (W). The power values used in the calculation were obtained from the Monark 
Anaerobic Test Software (Version 2.2).

2.4.4. Sprint Performance Test
Sprint performance was assessed over a 30 m distance using a Witty wireless timing 

system (Microgate, Bolzano, Italy). The timing gates were positioned at 0 and 10 m and 
aligned at a height of 100 cm above the ground [28]. The 10 m sprint is a test often used for 
the assessment of acceleration performance in football players [17,18]. Sprint timing was 
initiated by the participant breaking the first infrared beam at the 0 m mark and stopped 
when the participant’s torso broke the final infrared beam at the 10 m mark. Participants 
started from a standardised stationary split-stance position at 50 cm behind the initial timing 
gate. Each participant completed 3 trials, with 3 min of passive rest between trials. The best 
sprint time was used for analysis. Reliability of the 10 m sprint test was estimated by means 
of the two-way random effects ICC with absolute agreement [25]. The ICC for the sprint 
was 0.826.

2.5. Training Intervention
Both groups undertook the same in-season football training program devised by the 

club coaches during the 8-week intervention period. The weekly microcycle was composed 
of four training sessions on the field that lasted 60–80 min, leading to the accumulation of 
approximately 240–320 min per week. The first training session of the week had an emphasis 
on endurance-conditioning training activities, the second training session included strength 
conditioning activities, while the last two training sessions were aimed at technical-tactical 
preparations, including position playing, transitional actions, sprinting and small-sided 
games. The experimental group undertook additional FCM intervention twice a week on 
different days of the week, while the control group maintained their usual football training 
regime. Intervention was performed in 16 training sessions. The four exercise modalities 
involved in each session were as follows: (a) heavy resistance exercise, (b) plyometric 
exercise, (c) loaded power exercise, and (d) assisted ballistic exercise. The sequence of 
these exercises was previously used for FCM interventions.

Resistance training exercises were performed at intensities of 80% to 90% of 1RM for 
the entire duration of the intervention. The plyometric exercises were conducted without 
additional loads, using only body mass. The loaded power exercises utilized about 30–40% 
of 1RM in order to increase speed and explosiveness. Assisted ballistic exercises were 
incorporated to increase movement velocity.
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Progression in training was achieved through gradual increases in the intensity of 
exercise, external load, and sprint distance throughout the 8-week program. The rest periods 
between each exercise were kept constant at around 20 s, while the rest periods between 
sets were maintained at between three and four minutes [7,29,30].

The internal load of training was assessed through the sRPE technique using the CR-10 
scale. The sRPE scores were determined about 30 min after each training session, and the 
weekly load was computed in arbitrary units (AU) through the multiplication of sRPE 
scores and the duration of the sessions. The weekly sRPE scores were between six and nine 
during the intervention period. The overall attendance rate for the training sessions was 
94% during the intervention period. Exercise choice and progress in loading are given in 
Table 1.

2.6. Load Prescription and Progression
Resistance-training loads were prescribed according to the exercise-specific loading 

procedures. For the back squat, the prescribed load was determined as 70% to 85% of 
the back squat one-repetition maximum (1RM). For the trap-bar deadlift, loading was 
prescribed according to the study’s back-squat-based loading procedure because a direct 
trap-bar deadlift 1RM assessment was not performed. Accordingly, the prescribed per-
centages represent the protocol-defined loading targets and should not be interpreted as 
verified percentages of an individually measured trap-bar deadlift 1RM.

The prescribed loads were adjusted throughout the eight-week intervention according 
to a linear periodisation schedule, where training intensity increased by 5% 1RM every two 
weeks. The reference 1RM values were reassessed at the end of week 4 to accurately adjust 
the training stimulus for the final 4 weeks. When participants were unable to complete 
the prescribed repetitions or demonstrated a failure to maintain proper lifting technique 
(e.g., technical breakdown), the load was decreased by 5% for the next set to maintain train-
ing quality. These procedures were applied consistently across participants in accordance 
with the intervention protocol.

Band-assisted jumping and sprinting exercises were performed using heavy-duty 
elastic resistance bands (Super Bands, Perform Better, Cranston, RI, USA). The bands were 
applied using a standardized setup in which the bands were vertically suspended from a 
rigid overhead structural frame at a height of 2.6 m and securely attached to a customized 
waist harness worn by the participant, thereby providing a direct upward assist force during 
the movements. The level of assistance was determined and standardized using a digital 
crane scale attached in series with the band configuration; the band’s anchor height was 
micro-adjusted for each individual until the system elicited an upward force equivalent to 
exactly 10% of the participant’s total body mass at the static standing position. Assistance 
was adjusted across participants and throughout the intervention according to a progressive 
overload schedule, where the assist load was reduced to 5% of body mass during the final 
two weeks of the intervention to transition the athletes toward full body-weight loading. Any 
changes in band setup or assistance were recorded and applied consistently in accordance 
with the intervention protocol.
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Table 1. Structured French Contrast Method intervention with progressive loading and force-vector emphasis.

Week Session Force-Vector 
Emphasis

Exercise 
Modality Exercise External Load Sets × Reps Intra-Set/Inter-

Set Rest
sRPE 

(CR-10)
Weekly Load 

(AU)
Neuromuscular 

Emphasis

1–2

Day 1 Vertical Force

Heavy Resistance Back Squat 80% 1RM 3 × 3 20 s/3 min 6 360–420 Neural Activation

Plyometric Box Jump Bodyweight 3 × 3 20 s/3 min 6 360–420 Fast SSC Function

Loaded Power Jump Squat 30% 1RM 3 × 3 20 s/3 min 6 360–420 Velocity-Specific Power

Assisted Ballistic Band-Assisted 
Vertical Jump Elastic Band 3 × 3 20 s/3 min 6 360–420 Overspeed Stimulus

Day 2
Horizontal 

Force/Accelera-
tion

Heavy Resistance Trap Bar Deadlift 80% 1RM 3 × 3 20 s/3 min 6 360–420 Horizontal Force 
Production

Plyometric Broad Jump Bodyweight 3 × 3 20 s/3 min 6 360–420 Horizontal SSC Function

Loaded Power Loaded Broad Jump 30–35% 1RM 3 × 3 20 s/3 min 6 360–420 Horizontal Power 
Transfer

Assisted Ballistic Assisted Sprint Elastic Band 3 × 10 m 
sprints 20 s/3 min 6 360–420 Acceleration Mechanics

3–4

Day 1 Vertical Force

Heavy Resistance Back Squat 85% 1RM 3 × 3 20 s/3 min 7 420–480 Maximal Force 
Production

Plyometric Hurdle Hop Bodyweight 3 × 3 20 s/3 min 7 420–480 Reactive SSC Function

Loaded Power Jump Squat 35% 1RM 3 × 3 20 s/3 min 7 420–480 Velocity-Specific Power

Assisted Ballistic Band-Assisted 
Vertical Jump Elastic Band 3 × 3 20 s/3 min 7 420–480 Elastic Energy 

Utilization

Day 2
Horizontal 

Force/Accelera-
tion

Heavy Resistance Trap Bar Deadlift 85% 1RM 3 × 3 20 s/3 min 7 420–480 Horizontal Force 
Production

Plyometric Broad Jump Bodyweight 3 × 3 20 s/3 min 7 420–480 Horizontal SSC Function

Loaded Power Loaded Broad Jump 35% 1RM 3 × 3 20 s/3 min 7 420–480 Sprint Force Transfer

Assisted Ballistic Assisted Sprint Elastic Band 3 × 15 m 
sprints 20 s/3 min 7 420–480 Acceleration Mechanics
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Table 1. Cont.

Week Session Force-Vector 
Emphasis

Exercise 
Modality Exercise External Load Sets × Reps Intra-Set/Inter-

Set Rest
sRPE 

(CR-10)
Weekly Load 

(AU)
Neuromuscular 

Emphasis

5–6

Day 1 Vertical Force

Heavy Resistance Back Squat 85–88% 1RM 4 × 2 20 s/4 min 8 480–560 Maximal Force 
Production

Plyometric Depth Jump Bodyweight 4 × 2 20 s/4 min 8 480–560 Reactive SSC Efficiency

Loaded Power Jump Squat 35–40% 1RM 4 × 2 20 s/4 min 8 480–560 Explosive Force 
Development

Assisted Ballistic Band-Assisted 
Vertical Jump Elastic Band 4 × 2 20 s/4 min 8 480–560 Elastic Energy 

Utilization

Day 2
Horizontal 

Force/Accelera-
tion

Heavy Resistance Trap Bar Deadlift 85–88% 1RM 4 × 2 20 s/4 min 8 480–560 Horizontal Force 
Production

Plyometric Depth Broad Jump Bodyweight 4 × 2 20 s/4 min 8 480–560 Horizontal SSC Function

Loaded Power Loaded Broad Jump 35–40% 1RM 4 × 2 20 s/4 min 8 480–560 Sprint Force Transfer

Assisted Ballistic Assisted Sprint Elastic Band 4 × 20 m 
sprints 20 s/4 min 8 480–560 Sprint Mechanics

7–8

Day 1 Vertical Force

Heavy Resistance Back Squat 90% 1RM 4 × 2 20 s/4 min 9 520–600 Peak Force Production

Plyometric Depth Jump Bodyweight 4 × 2 20 s/4 min 9 520–600 Advanced SSC Function

Loaded Power Jump Squat 40% 1RM 4 × 2 20 s/4 min 9 520–600 Velocity-Specific Power

Assisted Ballistic Band-Assisted 
Vertical Jump Elastic Band 4 × 2 20 s/4 min 9 520–600 Overspeed Stimulus

Day 2
Horizontal 

Force/Accelera-
tion

Heavy Resistance Trap Bar Deadlift 90% 1RM 4 × 2 20 s/4 min 9 520–600 Horizontal Force 
Production

Plyometric Depth Broad Jump Bodyweight 4 × 2 20 s/4 min 9 520–600 Reactive Horizontal SSC

Loaded Power Loaded Broad Jump 40% 1RM 4 × 2 20 s/4 min 9 520–600 Horizontal Power 
Transfer

Assisted Ballistic Assisted Sprint Elastic Band 4 × 20 m 
sprints 20 s/4 min 9 520–600 Acceleration Mechanics

Note: Weekly load represents the total prescribed training volume for the programme per week, rather than a separate additional load assigned to each exercise 
listed in the table. Exercise-specific loading parameters are reported in the corresponding rows. The amount and application of band assistance during jumping and 
sprinting exercises were standardised according to the procedures described in the Methods section.
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2.7. Statistical Analysis
All statistical analyses were performed using SPSS version 29.0 (IBM Corp., Armonk, 

NY, USA). Data normality was assessed using the Shapiro–Wilk test. Homogeneity of 
variances was evaluated using Levene’s test. Assumptions of normality and homogeneity 
were additionally verified through visual inspection of Q–Q plots and residual distributions. 
Baseline differences between groups were assessed using independent-samples t-tests. A 
two-way mixed ANOVA was performed to examine the effects of time (pre-test vs. post-test), 
group (experimental vs. control), and time × group interactions on maximal strength (back 
squat 1RM and bench press 1RM), countermovement jump–derived variables (RSImod, 
jump height, flight time, time to take-off, propulsive phase duration, and PPRI), 10 m sprint 
performance, and Wingate-derived anaerobic performance variables. Effect sizes were 
interpreted using partial eta squared (ηp2 ), with values of 0.01, 0.06, and 0.14 representing 
small, medium, and large effects, respectively [31].

Relative reliability was assessed using ICC with absolute agreement. Within-session 
reliability was evaluated using the three repeated countermovement jump (CMJ) trials 
performed by each participant. This analysis assessed the agreement between repeated 
trials within the same testing session and was not intended to represent between-day test–
retest reliability. Intraclass correlation coefficients (ICCs) were calculated for the relevant 
CMJ-derived variables, including the modified reactive strength index (RSImod) and Peak 
Power Relative Impulse (PPRI), using the appropriate ICC model, a two-way random-
effects model (ICC(2,k)) with absolute agreement, with average-measure estimates and 
95% confidence intervals. The ICC model and measurement definition were selected to 
reflect the repeated-trial design and the use of the mean of three successful trials for the 
primary analyses. ICC values between 0.50 and 0.75 were interpreted as moderate, values 
between 0.75 and 0.90 as good, and values greater than 0.90 as excellent reliability [25]. 
Data are presented as mean ± standard deviation (SD), and statistical significance was set 
at p < 0.05.

3. Results
Baseline demographic and anthropometric characteristics of the participants are pre-

sented in Table 2. The experimental and control groups demonstrated comparable values 
for age, height, body mass, BMI, and body fat percentage at baseline.

Table 2. Baseline characteristics of the participants (values are presented as mean ± standard deviation 
(SD); BMI = body mass index).

Parameter Experimental Group (n = 14) Mean ± SD Control Group (n = 14) Mean ± SD

Age (years) 18.35 ± 0.84 18.28 ± 0.72
Height (cm) 180.21 ± 4.81 179.21 ± 6.62

Body Mass (kg) 73.26 ± 6.16 69.87 ± 8.07
BMI (kg·m−2 ) 22.49 ± 1.01 21.68 ± 1.53
Body Fat (%) 9.19 ± 1.86 8.32 ± 1.71

Table 3 presents baseline comparisons between the experimental and control groups. 
No statistically significant between-group differences were observed for RSImod (0.49 ± 0.05 
vs. 0.46 ± 0.07 m·s−1 , p = 0.22), PPRI (1.17 ± 0.11 vs. 1.13 ± 0.16 m·s−1 , p = 0.41), Sprint10 
(1.81 ± 0.07 vs. 1.83 ± 0.07 s, p = 0.64), AP (557.35 ± 62.71 vs. 555.88 ± 48.46 W, p = 0.94), 
FI (61.22 ± 7.91 vs. 62.17 ± 6.48%, p = 0.42), maximal strength variables (SQ1RM and 
BP1RM), or CMJ-derived variables (FT, TTO, PPD, and JH) (all p > 0.05).
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Table 3. Baseline performance comparisons between the experimental and control groups 
(EG = Experimental Group; CG = Control Group; RSImod = Reactive Strength Index Modified; 
PPRI = Propulsive Phase Relative Index; Sprint10 = 10 m Sprint Performance; AP = Average Power; 
FI = Fatigue Index; SQ1RM = Back Squat One-Repetition Maximum; BP1RM = Bench Press One-
Repetition Maximum; FT = Flight Time; TTO = Time to Take-Off; PPD = Propulsive Phase Duration; 
JH = Jump Height. Values are presented as mean ± standard deviation (SD). Independent-samples 
t-tests were used to compare baseline differences between groups.).

Variable Experimental Group Mean ± SD Control Group Mean ± SD t df p

RSImod (m·s−1 ) 0.73 ± 0.04 0.67 ± 0.08 1.249 26 0.22
PPRI (m·s−1 ) 1.17 ± 0.11 1.13 ± 0.16 0.829 26 0.41
Sprint10 (s) 1.81 ± 0.07 1.83 ± 0.07 −0.471 26 0.64

AP (W) 557.35 ± 62.71 555.88 ± 48.46 −0.069 26 0.94
FI (%) 61.22 ± 7.91 62.17 ± 6.48 −0.807 26 0.42

SQ1RM (kg) 85.89 ± 7.24 87.68 ± 5.23 −0.748 26 0.46
BP1RM (kg) 58.07 ± 4.87 62.07 ± 6.35 −1.865 26 0.07

FT (s) 0.54 ± 0.03 0.55 ± 0.02 −1.094 26 0.28
TTO (s) 0.50 ± 0.07 0.56 ± 0.12 −1.780 26 0.09
PPD (s) 0.31 ± 0.04 0.34 ± 0.07 −1.556 26 0.13
JH (cm) 36.35 ± 3.69 37.68 ± 2.48 −1.112 26 0.27

Table 4 presents descriptive pre- and post-intervention values for all performance 
outcomes in the experimental and control groups. Overall, the experimental group demon-
strated improvements across most neuromuscular and anaerobic performance variables, 
whereas changes in the control group were generally smaller and less consistent. Mean ± SD 
values and 95% confidence intervals are reported for each variable.

Table 4. Pre- and post-intervention performance outcomes in the experimental and control groups. 
(Values are presented as mean ± standard deviation (SD) with 95% confidence intervals (CI). The 
95% confidence intervals (CIs) in parentheses represent the confidence intervals for the group 
means at each assessment time point, calculated using the two-sided t distribution based on the 
corresponding sample size. These intervals describe the precision of the group means and should 
not be interpreted as confidence intervals for within-group changes or between-group interven-
tion effects. RSImod = Reactive Strength Index Modified; PPRI = Propulsive Phase Relative Index; 
Sprint10 = 10 m Sprint Performance; AP = Average Power; FI = Fatigue Index; SQ1RM = Back Squat 
One-Repetition Maximum; BP1RM = Bench Press One-Repetition Maximum; FT = Flight Time; 
TTO = Time to Take-Off; PPD = Propulsive Phase Duration; JH = Jump Height.

Variable EG Pre-Test Mean ± SD
(95% CI)

EG Post-Test Mean ±
SD (95% CI)

CG Pre-Test Mean ±
SD (95% CI)

CG Post-Test Mean ±
SD (95% CI)

RSImod (m·s−1 ) 0.73 ± 0.04 (0.69–0.77) 0.76 ± 0.07 (0.69–0.83) 0.67 ± 0.08 (0.59–0.75) 0.65 ± 0.11 (0.54–0.76)
PPRI (m·s−1 ) 1.17 ± 0.11 (1.11–1.23) 1.25 ± 0.11 (1.19–1.31) 1.13 ± 0.16 (1.04–1.22) 1.10 ± 0.24 (0.96–1.24)
Sprint10 (s) 1.81 ± 0.08 (1.77–1.85) 1.80 ± 0.08 (1.77–1.84) 1.83 ± 0.07 (1.79–1.86) 1.82 ± 0.05 (1.79–1.85)

AP (W) 557.35 ± 62.71 
(521.14–593.56)

585.42 ± 47.36 
(558.08–612.77)

555.88 ± 48.46 
(527.90–583.86)

555.63 ± 37.92 
(533.74–577.52)

FI (%) 61.22 ± 7.91 
(56.65–65.79)

57.28 ± 6.44 
(53.56–61.02)

62.17 ± 6.48 
(58.43–65.91)

58.97 ± 5.49 
(55.83–62.11)

SQ1RM (kg) 85.89 ± 7.24 
(81.71–90.07)

88.75 ± 7.82 
(84.23–93.27)

87.67 ± 5.23 
(84.65–90.69)

87.50 ± 5.54 
(84.29–90.70)

BP1RM (kg) 58.07 ± 4.87 
(55.25–60.88)

60.71 ± 6.41 
(57.01–64.41)

62.07 ± 6.35 
(58.40–65.74)

65.14 ± 7.99 
(60.53–69.76)

FT (s) 0.543 ± 0.03 
(0.525–0.561)

0.555 ± 0.02 
(0.538–0.571)

0.553 ± 0.02 
(0.543–0.564)

0.573 ± 0.02 
(0.563–0.585)

TTO (s) 0.498 ± 0.07 
(0.458–0.537)

0.495 ± 0.07 
(0.453–0.536)

0.561 ± 0.11 
(0.495–0.628)

0.603 ± 0.09 
(0.549–0.657)

PPD (s) 0.31 ± 0.05 (0.28–0.34) 0.30 ± 0.04 (0.28–0.32) 0.34 ± 0.07 (0.30–0.38) 0.37 ± 0.07 (0.33–0.41)

JH (cm) 36.35 ± 3.69 
(34.21–38.48)

38.40 ± 4.07 
(36.04–40.75)

37.68 ± 2.48 
(36.25–39.12)

39.65 ± 2.85 
(38.00–41.30)
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Table 5 summarizes the mixed ANOVA results. Significant group × time interac-
tions were observed for RSImod (F = 5.057, p = 0.033, ηp2  = 0.163), SQ1RM (F = 7.324, 
p = 0.012, ηp2  = 0.220), PPRI (F = 4.675, p = 0.040, ηp2  = 0.152), PPD (F = 6.598, p = 0.016, 
ηp2  = 0.202), AP (F = 4.642, p = 0.041, ηp2  = 0.151), and FI (F = 11.210, p = 0.002,
ηp2  = 0.301). No significant interaction effects were observed for Sprint10, BP1RM, 
FT, TTO, or JH (all p > 0.05). Significant main effects of group were observed for AP 
(F = 6.642, p = 0.016, ηp2  = 0.203), TTO (F = 7.871, p = 0.009, ηp2  = 0.232), and PPD 
(F = 5.737, p = 0.024, ηp2  = 0.181). Significant main effects of time were observed for 
BP1RM (F = 31.671, p = 0.001, ηp2  = 0.549), FT (F = 19.662, p = 0.001, ηp2  = 0.431), JH
(F = 15.427, p = 0.001, ηp2  = 0.372), PPD (F = 4.383, p = 0.046, ηp2  = 0.144), AP (F = 4.479, 
p = 0.044, ηp2  = 0.147), and SQ1RM (F = 5.702, p = 0.025, ηp2  = 0.180).

Table 5. Time and group × time effects for performance outcomes (p < 0.05. F-values, p-values, 
and partial eta squared (ηp2 ) are reported for the main effects of time, group, and the group × time 
interaction. RSImod = Reactive Strength Index Modified; PPRI = Propulsive Phase Relative Index; 
Sprint10 = 10 m Sprint Performance; AP = Average Power; FI = Fatigue Index; SQ1RM = Back Squat 
One-Repetition Maximum; BP1RM = Bench Press One-Repetition Maximum; FT = Flight Time; 
TTO = Time to Take-Off; PPD = Propulsive Phase Duration; JH = Jump Height.). * p < 0.05.

Variable 𝚫EG 𝚫CG Time Effect
F (p, 𝛈p2 )

Group Effect
F (p, 𝛈p2 )

Group × Time
Interaction F (p, 𝛈p2 )

RSImod (m·s−1 ) +0.03 −0.01 1.961 (0.173, 0.070) 3.764 (0.063, 0.127) 5.057 (0.033 *, 0.163)
PPRI (m·s−1 ) +0.08 +0.03 1.185 (0.286, 0.044) 2.741 (0.110, 0.095) 4.675 (0.040 *, 0.152)
Sprint10 (s) −0.01 −0.01 1.017 (0.310, 0.040) 0.541 (0.469, 0.02) 0.063 (0.803, 0.002)

AP (W) +28.07 −0.25 4.479 (0.044, 0.147) 6.642 (0.016 *, 0.203) 4.642 (0.041 *, 0.151)
FI (%) −3.94 −3.20 1.540 (0.226, 0.056) 1.516 (0.229, 0.055) 11.210 (0.002 *, 0.301)

SQ1RM (kg) +2.86 −0.17 5.702 (0.025 *, 0.180) 0.012 (0.912, 0.004) 7.324 (0.012 *, 0.220)
BP1RM (kg) +2.64 +3.07 31.671 (0.001, 0.549) 3.074 (0.094, 0.105) 1.040 (0.317, 0.038)

FT (s) +0.012 +0.020 19.662 (0.001, 0.431) 2.855 (0.101, 0.099) 1.308 (0.263, 0.048)
TTO (s) −0.003 +0.042 2.024 (0.167, 0.072) 7.871 (0.009 *, 0.232) 2.619 (0.118, 0.092)
PPD (s) −0.01 +0.03 4.383 (0.046 *, 0.144) 5.737 (0.024 *, 0.181) 6.598 (0.016 *, 0.202)
JH (cm) +2.05 +1.97 15.427 (0.001, 0.372) 1.263 (0.271, 0.046) 0.006 (0.939, 0.001)

The mixed ANOVA revealed significant group × time interactions for RSImod, PPRI, 
average power (AP), fatigue index (FI), squat 1RM, and propulsive phase duration (PPD), 
indicating that pre–post changes differed significantly between the experimental and control 
groups for these outcomes. In contrast, the group × time interactions were not statistically 
significant for 10-m sprint time, bench press 1RM, flight time (FT), time to take-off (TTO), 
or jump height (JH), indicating no statistically significant evidence of differential pre–post 
changes between groups for these variables. Significant main effects of time, where observed, 
reflected overall pre–post changes averaged across both groups, whereas significant main 
effects of group reflected overall differences between groups averaged across measurement 
occasions. These main effects were interpreted separately from the group × time interactions.

4. Discussion
The present study investigated the effects of an 8-week FCM intervention on reac-

tive strength, anaerobic performance, and short-distance sprint acceleration in elite youth 
football players. The main findings from this study were that the FCM protocol induced 
greater improvements in reactive strength, lower-body maximal strength, propulsive-phase 
characteristics, and anaerobic performance characteristics compared with sport-specific 
training alone. Statistically significant group × time interactions were observed for RSI-
mod, back squat 1RM, propulsive phase duration, average power, and fatigue index. In 
contrast, 10 m sprint performance and TTO remained unchanged following the intervention. 

https://doi.org/10.3390/life16111824

https://doi.org/10.3390/life16111824


Life 2026, 16, 1824 15 of 23

These findings suggest that the adaptations induced by FCM may not fully transfer to 
short-distance sprint performance during the eight-week intervention period.

Both jump height and flight time increased from pre- to post-intervention in the descrip-
tive data. However, the group × time interactions for these outcomes were not statistically 
significant. Therefore, these changes should be interpreted as overall temporal changes 
rather than effects specific to the French Contrast Method (FCM) programme. In contrast, 
the significant group × time interaction for propulsive phase duration indicates that its pre–
post change differed between groups. Nevertheless, this finding alone does not establish 
the physiological mechanism underlying the observed change.

The improvements observed in RSImod are consistent with previous studies reporting 
improvements in explosive performance following complex- and contrast-based training 
interventions [11,32,33]. By combining high-load resistance exercises with plyometric and 
ballistic movements in a single sequence, FCM may create favourable conditions for rapid 
force production and PAPE-related neuromuscular responses [5,6]. These adaptations may 
involve enhanced motor unit recruitment and more efficient neuromuscular coordination 
during explosive actions [12,34]. The changes that were seen in the experimental group are 
probably due to better SSC efficiency and the capability of transitioning more quickly from 
eccentric to concentric muscle contraction [14,15]. These attributes are strongly linked to 
reactive strength performance and explosiveness and football-specific actions [13,35].

The current results should also be considered in light of the additional CMJ-derived 
measurements. Although there was an increase in both jump height and flight time, the 
group × time interaction showed no statistically significant main effects on either variable. 
On the other hand, propulsive phase duration showed a significant interaction effect. It 
appears, then, that the FCM training program might have changed the temporal charac-
teristics of force production in the concentric phase of the CMJ. Taken together, the results 
suggest that any improvements in RSImod seen in the current study cannot be attributed 
exclusively to increased jump height but rather to changes in the characteristics of jump 
performance as well. One of the major advantages of the current study is the fact that 
several CMJ-derived variables, along with RSImod, were measured in order to assess the 
temporal characteristics of jump performance. These results offer additional information 
on the characteristics of reactive-strength improvement beyond what can be obtained using 
only one index. Furthermore, since these variables showed a significant main effect of 
time but did not show a significant group × time interaction, the improvements cannot be 
considered specific to the FCM training program.

While PPRI showed clear sensitivity to the intervention, care must be taken when 
interpreting these results due to the lack of validation that the test has undergone. Thus, 
the results presented here can only be taken as tentative evidence showing that PPRI may 
be able to detect neuromuscular changes rather than validating the test physiologically. 
Further studies must be conducted on PPRI to validate its construct validity, reliability, and 
usefulness for athletes.

Statistically significant main effects were also found for back squat 1RM. The observed 
strength gains indicate the impact of the heavy resistance phase of the FCM series and align 
with earlier research, which revealed that contrast training contributes to increasing force 
production ability [11,32]. Maximal strength gains can become an essential prerequisite for 
developing explosive ability through improved ability to generate force.

Although changes were noted in the reactive strength qualities, no significant differ-
ences were seen in the 10 m sprint after the completion of the training period. This could be 
attributed to the force vector specificity of the stimulus used for training [12]. It should be 
noted that the FCM exercises mainly involved a vertical force production pattern. However, 
an early stage of sprint running relies heavily on horizontal force production during sprint 
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acceleration [17,18]. As a result, the training-induced adaptations may not have fully trans-
ferred to short-distance acceleration performance. This interpretation is further supported 
by evidence indicating that vertical and horizontal force–velocity characteristics represent 
distinct mechanical qualities with task-specific transfer potential [20].

Similar task-specific adaptation patterns have been reported in force- and movement-
oriented training models performed under fatigue conditions. Force-oriented loading was 
associated with improvements in force-production characteristics. Movement-oriented ap-
proaches appeared to better preserve coordination and directional control [36]. Comparable 
findings have also been reported in football-specific plyometric training studies, where the 
direction of force application influenced sprint-transfer adaptations [19,37]. Collectively, 
these findings reinforce the importance of mechanical specificity when designing training 
interventions targeting sprint acceleration performance [17,38].

The lack of statistically significant improvements in 10 m sprint performance should be 
interpreted in the context of the current FCM literature on football players. Previous studies 
and recent meta-analytic evidence have generally reported positive effects of FCM on explo-
sive and sprint-related performance outcomes [11]. Short-term complex- and contrast-based 
interventions in football players have previously demonstrated improvements in sprint and 
jump performance, although these adaptations have not been consistently observed across 
all performance variables [39]. Thomsen et al. (2026) also reported improvements in 5 m, 
10 m, and 30 m sprint performance following a 14-week intervention period [10]. Differences 
in intervention duration, exercise selection, sprint-specific exposure, and horizontal force-
production demands may partly explain the divergent findings between studies [19,38]. In 
contrast, the present findings suggest that sprint-transfer adaptations may depend heavily 
on the mechanical characteristics of the training stimulus and the specific demands of the 
assessed sprint task [8,12].

Although 10 m sprint performance did not show a statistically significant group × time 
interaction, this finding should not be attributed solely to the predominantly vertical ori-
entation of the training stimulus. As detailed in Table 1, the FCM intervention included a 
dedicated horizontal-force and acceleration-orientated session incorporating broad jumps, 
loaded broad jumps, and assisted sprints. The prescribed assisted-sprint distance pro-
gressed from 3 × 10 m during weeks 1–2 to 3 × 15 m during weeks 3–4 and 4 × 20 m during 
weeks 5–8. Thus, the intervention provided a measurable horizontal training component, 
although the presence of these exercises does not necessarily establish that the magnitude 
or specificity of the sprint stimulus was sufficient to improve 10 m acceleration. The actual 
transfer may have depended on factors such as the intensity and execution of assisted 
sprinting, the degree of assistance applied, and the extent to which the training reproduced 
the technical and mechanical demands of unassisted maximal acceleration. These factors 
were not independently quantified in the present study and therefore remain potential 
explanations rather than established mechanisms.

Other explanations should also be considered. The eight-week intervention may have 
been sufficient to elicit changes in strength and reactive neuromuscular performance with-
out producing a detectable between-group difference in short-distance sprint performance; 
however, the duration of the intervention cannot be identified as a causal explanation from 
the present data. In addition, the 10 m sprint test demonstrated good relative reliability 
(ICC = 0.826), but this statistic alone does not establish its absolute measurement error 
or its ability to detect small changes in performance. The relatively small sample and the 
uncertainty surrounding the estimated group × time effect also warrant caution when 
interpreting the absence of statistical significance. Finally, the participants continued their 
regular in-season football training, including sprinting and small-sided games, while exter-
nal training load and match exposure were not objectively monitored. These concurrent 
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exposures may have influenced individual responses and reduced our ability to isolate 
the specific contribution of the FCM intervention. Taken together, the findings indicate 
that the eight-week FCM programme did not produce a statistically detectable additional 
improvement in 10 m sprint performance compared with regular football training, despite 
incorporating horizontal-force-orientated exercises. Future studies should quantify assisted-
sprint loading and velocity, monitor maximal sprint exposure and external training load, 
and include larger samples, longer follow-up periods, and more comprehensive sprint-
performance assessments to clarify the conditions under which FCM adaptations transfer 
to acceleration performance. Although sprint performance remained unchanged, the im-
provements observed in strength and reactive performance may still represent meaningful 
adaptations for maintaining physical robustness during congested competition schedules.

The observed changes in anaerobic performance variables further support the effective-
ness of FCM for enhancing anaerobic and high-intensity performance characteristics in elite 
youth football players [11,32]. Average power output increased following the intervention, 
indicating an improved ability to sustain mechanical power during short-duration maximal 
efforts. Given the repeated high-intensity demands of football competition [2,3], these 
adaptations may enhance performance under conditions of accumulating neuromuscular 
and physiological fatigue. Such improvements may be particularly relevant for repeated 
high-intensity actions commonly performed during match play, including accelerations, 
transitions, pressing actions, and repeated sprint efforts.

Fatigue index also demonstrated statistically significant outcomes, with lower post-
intervention values observed in the experimental group. In the context of the Wingate test, 
reductions in fatigue index are generally associated with an improved ability to maintain 
power output during maximal exercise [26]. Together, these findings suggest that the 
FCM intervention enhanced both explosive power production and short-duration anaerobic 
performance capacity. Such adaptations may be partly related to improved neuromuscular 
efficiency and tolerance to high-intensity exercise demands [12,15,40–42].

The observed changes in Wingate-derived anaerobic performance variables indicate 
that the FCM intervention may have influenced short-duration maximal cycling perfor-
mance in the participating players. Specifically, changes in average power output reflect 
performance during the Wingate cycling test, whereas the fatigue index represents the 
decline in power output across the test. These outcomes should, however, be interpreted 
within the specific context of the assessment protocol. Although anaerobic power and the 
ability to produce high power outputs are relevant physiological characteristics in football, 
the present findings do not establish that the observed changes translate into improved 
repeated-sprint ability, greater resistance to fatigue during football-specific activities, or 
enhanced match performance. These outcomes were not directly assessed in this study. 
Furthermore, Wingate-derived performance variables obtained during cycling cannot be 
considered direct measures of sprint performance during running or of repeated high-
intensity actions in football. The mechanical and task-specific demands of cycling differ 
from those of sprinting and match play. Accordingly, any potential relevance of the observed 
changes to football performance remains hypothetical. Future studies should incorporate 
repeated-sprint tests, football-specific fatigue protocols, and objective match-performance 
indicators to determine whether changes in Wingate-derived anaerobic performance are ac-
companied by meaningful improvements in sport-specific performance. Until such evidence 
is available, the present findings should be interpreted as changes in laboratory-assessed 
anaerobic cycling performance rather than evidence of improved repeated-sprint capacity 
or match performance.

From a mechanistic perspective, the present findings suggest that FCM provides an 
integrated neuromuscular stimulus through the sequential combination of heavy resis-
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tance, plyometric, and ballistic exercises [7,30]. The heavy resistance component may have 
contributed to adaptations related to neural activation and rapid force production [5,34]. 
Plyometric and ballistic elements may also have supported improvements in SSC function 
and explosive movement characteristics [12]. These combined neuromuscular adaptations 
may help explain the observed improvements in reactive strength and anaerobic power 
characteristics following the intervention [11,32]. The observed improvements in propulsive 
phase duration further suggest that FCM may influence the temporal characteristics of 
force application during explosive movements, potentially contributing to more efficient 
concentric force production.

Overall, the findings suggest that FCM can be an effective approach for improving 
reactive strength, lower-body maximal strength, and anaerobic power characteristics in 
elite youth football players. Not all performance outcomes responded in the same way, 
though. Gains were observed on measures of vertically oriented explosive performance, 
while short-distance acceleration showed little change. These findings highlight the role of 
task specificity in training adaptation. In practical settings, FCM may be a useful option for 
enhancing explosive SSC-related performance. If acceleration is a primary target, additional 
sprint-specific work and greater emphasis on horizontal force production may be needed.

Although injury outcomes were not evaluated in the present study, the observed 
improvements in reactive strength, lower-body strength, and anaerobic power may have 
broader implications for athlete health. Previous literature suggests that greater neuromus-
cular capacity contributes to improved movement control, more efficient force attenuation, 
and increased tolerance to repetitive high-intensity loading, all of which are considered 
relevant components within multifactorial injury-prevention models in football. Therefore, 
the present findings may indirectly support training strategies aimed at maintaining athlete 
availability throughout the competitive season.

From a public health perspective, maintaining the health and availability of profes-
sional athletes has implications beyond individual performance, influencing long-term 
participation, career longevity, healthcare utilization, and the sustainability of elite sport 
systems. Therefore, neuromuscular interventions capable of enhancing physical robustness 
may represent an important component of comprehensive athlete health management.

An important consideration when interpreting these findings is the difference in train-
ing exposure between groups. Participants in the experimental group completed two 
additional FCM sessions per week, whereas those in the control group continued regular 
football training without these additional sessions. Therefore, the between-group differ-
ences reflect the effect of implementing the FCM programme as an addition to regular 
football training. The present design does not allow the effects of the specific FCM exercise 
sequence to be separated from those potentially attributable to increased training volume, 
additional training exposure, or their combined effects. Future studies using a time- and 
workload-matched active control group are warranted to determine whether the observed 
adaptations are specifically attributable to the FCM training sequence.

The observed changes in RSImod and PPRI should be interpreted as changes in CMJ-
derived performance indices. Although these indices may be relevant to explosive-jump 
performance, the present study did not directly assess muscle activation, motor-unit re-
cruitment, neuromuscular coordination, or stretch–shortening cycle efficiency. Therefore, 
the findings do not establish that the intervention altered these underlying physiological 
mechanisms. Further studies incorporating direct neuromuscular assessments would be 
required to investigate these potential explanations.
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4.1. Limitations
Several limitations should be considered when interpreting the findings. First, the 

sample was relatively small and consisted exclusively of elite male youth football players, 
limiting the generalisability of the results to other populations. The eight-week interven-
tion also precludes conclusions regarding the long-term maintenance of the observed 
adaptations. Second, although both groups continued their regular in-season football train-
ing, external training load, match exposure, and relevant recovery-related factors were 
not objectively monitored. Furthermore, the control group did not receive a time- and 
workload-matched alternative neuromuscular intervention. Consequently, the specific con-
tribution of the FCM sequence cannot be fully distinguished from the effects of additional 
training exposure. Third, although the intervention incorporated resistance, plyometric, 
and ballistic exercises, the extent to which the prescribed exercise loads and training stimuli 
were consistently achieved could not be fully established beyond the available training 
records. In addition, direct mechanistic measures, including electromyographic activity, 
sprint biomechanics, and horizontal force production, were not assessed. Therefore, the 
proposed neuromuscular mechanisms underlying the observed changes remain plausible 
explanations rather than directly verified adaptations. The Propulsive Phase Relative Index 
(PPRI) should also be interpreted cautiously because its construct validity, reliability, and 
responsiveness require further investigation. Finally, multiple performance outcomes were 
assessed, increasing the potential for chance findings, particularly if multiplicity was not 
controlled through a prespecified adjustment procedure. The results should therefore 
be interpreted in conjunction with the magnitude and precision of the estimated effects, 
rather than statistical significance alone. Injury incidence, movement quality, and athlete 
availability were not monitored; accordingly, no conclusions can be drawn regarding in-
jury prevention or health-related benefits. Future studies should use larger samples, time- 
and workload-matched comparator groups, more comprehensive monitoring of training 
exposure, direct biomechanical and neuromuscular assessments, and prespecified statis-
tical analysis plans with transparent reporting of effect estimates and their uncertainty. 
A methodological limitation is that trap-bar deadlift 1RM was not directly assessed. The 
prescribed trap-bar deadlift loads were determined using the loading procedure specified 
in the study protocol rather than an individually measured trap-bar deadlift 1RM. Because 
back-squat and trap-bar deadlift performance may differ within individuals, the prescribed 
load may not have represented the same relative intensity for all participants. This may 
have introduced variability in the actual loading stimulus. Future studies should directly 
assess trap-bar deadlift 1RM or use a validated exercise-specific method for prescribing 
relative training intensity. Another limitation is that nutritional intake, sleep, and recovery 
status were not systematically monitored during the intervention. Because the study was 
conducted during the competitive season, these factors may have contributed to interindi-
vidual variability in training adaptations and may have influenced the observed outcomes. 
As these variables were not assessed, their potential contribution to the between-group 
differences cannot be determined. Future studies should incorporate validated measures of 
sleep quality and subjective recovery, alongside systematic monitoring of nutritional intake 
and training load, to better characterize the factors that may influence neuromuscular adap-
tations during in-season training. Another limitation is that biological maturation status 
was not assessed. Although the participants were approximately 18 years old, chronological 
age alone does not establish equivalent biological maturity among individuals. Differences 
in biological maturation may contribute to interindividual variability in neuromuscular 
characteristics and training adaptations. Therefore, the potential influence of biological 
maturity on the observed outcomes cannot be excluded. Future studies involving young 
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athletes should consider assessing biological maturation using an appropriate, validated 
method to improve the interpretation of training-related adaptations.

4.2. Practical Applications
The findings suggest that the French Contrast Method may be considered as an in-

season training option for developing selected neuromuscular performance characteristics, 
including reactive strength and lower-body maximal strength, in elite male youth football 
players. However, the observed changes should be interpreted in relation to the specific 
outcomes measured in this study and should not be assumed to indicate improvements in 
match performance or health-related outcomes. The absence of a statistically significant 
additional improvement in 10 m sprint performance indicates that FCM should not be 
considered a substitute for sprint-specific training when acceleration is the primary training 
objective. Coaches may consider combining neuromuscular training with appropriately 
prescribed sprint drills, while monitoring athletes’ responses and the overall demands of 
the in-season training schedule. As injury incidence, athlete availability, and health-related 
outcomes were not assessed, the present findings do not establish that FCM reduces injury 
risk or provides direct health benefits. These outcomes require dedicated investigation in 
future studies.

5. Conclusions
In conclusion, adding an eight-week FCM programme to regular football training 

was associated with improvements in selected neuromuscular and anaerobic performance 
outcomes in elite youth football players. These findings support the potential value of 
incorporating FCM sessions into football training programmes; however, the present study 
cannot establish whether the observed effects were specific to the FCM sequence or partly 
attributable to the additional training exposure.

From an applied perspective, the present findings support the integration of FCM as 
an evidence-based neuromuscular training strategy for improving physical qualities that 
underpin repeated high-intensity football actions during the competitive season. Enhanced 
reactive strength, maximal force production, and anaerobic power may increase athletes’ 
capacity to tolerate the substantial neuromuscular demands imposed by training and match 
play, thereby contributing to the maintenance of physical readiness throughout the season. 
Importantly, although the observed neuromuscular adaptations may be relevant to athlete 
management and long-term physical robustness, the present study did not assess injury 
incidence, movement quality, external workload, or athlete availability. Therefore, no 
direct conclusions can be drawn regarding the effectiveness of FCM for injury prevention. 
Instead, the current findings should be interpreted as evidence that FCM enhances physical 
capacities considered important within contemporary neuromuscular training frameworks, 
which have been proposed to support both performance optimization and the management 
of mechanical demands in elite football. PPRI should be interpreted cautiously because its 
independent validity, reliability, and practical applicability have not yet been established. 
Further independent validation is required before it can be recommended for routine use 
in research or applied sports settings.

Future randomized controlled trials should extend these findings by incorporating 
prospective injury surveillance, external and internal workload monitoring, biomechanical 
assessments, and athlete availability metrics to determine whether the neuromuscular 
adaptations induced by FCM translate into meaningful reductions in injury risk and im-
provements in long-term athlete health and competitive readiness.
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