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ABSTRACT 

Introduction: A source of discomfort, Delayed-Onset Muscle Soreness (DOMS), 

resulting from muscle microlesions known as Exercise-Induced Muscle Damage 

(EIMD), can occur after exercise in elite amateur footballers. Despite the variety of 

existing recovery techniques, there is no consensus in the literature and scientists 

highlight the need to identify the most effective recovery strategies. Whole-body 

Photobiomodulation Therapy (PBMT) seems particularly interesting in this area, despite 

the controversy and lack of scientific studies on the subject. From a synergistic point of 

view, it is worth asking whether the use of whole-body PBMT combined with a 

conventional recovery protocol has a significant impact on the post-exercise recovery of 

elite amateur footballers affected by EIMD. 

Objective: The general objective of the study is to compare the effect of whole-body 

PBMT combined with a conventional recovery protocol compared to a conventional 

recovery protocol alone on post-exercise recovery in elite amateur footballers affected 

by EIMD.  

Methodology: This will be a prospective, quantitative, experimental study in the form 

of a randomised controlled trial. The study will be multicentric and will be carried out 

in the two "elite" clubs (“National 2” Championship) that responded positively to the 

proposal. Subjects will be selected according to inclusion and exclusion criteria. From 

the target population, random cluster sampling will make it possible to assign the first 

club to a conventional recovery protocol alone and the second club to a Whole-body 

PBM therapy combined with a conventional recovery protocol. They will be 

standardised and will follow a common training protocol, generating EIMDs. Data will 

be collected in a blinded process by independent assessors who will not know the group 

distribution. It will be carried out before the training protocol and 48 hours after 

training, when DOMS are described as being the most intense. The main evaluation 

criterion of the study will be the intensity of lower limb muscle pain, self-assessed using 

a digital Visual Analogue Scale (VAS). The secondary evaluation criteria will be the 
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maximal muscular strength and power of the lower limbs generated during a vertical 

jump, measured by a "MyotestPRO®" accelerometer. 

Conclusion: Thus, the study would make it possible to assess the effectiveness of 

whole-body PBMT in developing an optimal post-exercise recovery protocol that is 

accessible and follows the Evidence Based Practice (EBP) model in elite amateur 

footballers affected by EIMD. New perspectives could then be explored. 

Key Words: Recovery / DOMS / Whole-body PBMT / EIMD / Amateur football. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page VII 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

SUMMARY 

 

ACKNOWLEDGEMENTS .........................................................................................III 

ABSTRACT .................................................................................................................... V 

SUMMARY ................................................................................................................. VII 

LIST OF ABBREVIATIONS ...................................................................................... XI 

LIST OF FIGURES AND TABLES......................................................................... XIII 

INTRODUCTION .......................................................................................................... 1 

THEORETICAL FRAMWORK................................................................................... 5 

1. « DOMS » : Diseases causing discomfort.......................................................... 5 

1.1 Definition and generalities about DOMS ..................................................... 5 

1.2 Pathophysiological origins of DOMS ........................................................... 5 

1.3 Pathophysiological consequences of DOMS ................................................ 7 

2. Description of therapeutic methods / techniques ............................................. 7 

2.1 Medicinal strategies and metabolic processes .............................................. 7 

2.2 Active recovery strategies ............................................................................. 8 

2.3 Passive recovery strategies ........................................................................... 8 

2.4 Immersive recovery strategies ...................................................................... 8 

2.5 Manual recovery strategy .............................................................................. 9 

2.6 Whole-body Photobiomodulation Therapy (PBMT) .................................. 10 

METHODOLOGY ....................................................................................................... 13 

1. General and specific objectives of the study ................................................... 13 

2. Study design and plan....................................................................................... 13 

3. Population and sample ..................................................................................... 14 

3.1 Target population ........................................................................................ 14 

3.2 Sample and sampling method ..................................................................... 14 

3.3 Sample size ................................................................................................. 15 

4. Characterisation and sample selection process .............................................. 15 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page VIII 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

5. Evaluation criteria and data collection instruments ..................................... 16 

5.1 Evaluation criteria ....................................................................................... 16 

5.2 Data collection instruments ........................................................................ 16 

6. Variables ............................................................................................................ 17 

7. Hypotheses of the study .................................................................................... 18 

8. Application procedures with references to authorisation requests .............. 18 

8.1 Choice of partners, human resources and techniques ................................. 18 

8.2 Sample selection and groups constitution ................................................... 20 

8.3 Intervention protocol................................................................................... 20 

8.4 Assessment protocol ................................................................................... 23 

9. Data processing plan ......................................................................................... 24 

CRITICAL REFLECTIONS AND CONCLUSION ................................................. 25 

BIBLIOGRAPHIC REFERENCES ........................................................................... 31 

APPENDICES .................................................................................................................. I 

APPENDICE A. Pyramidal organisation of French senior football. ............................. I 

APPENDICE B. VAS digital screenshot ....................................................................... I 

APPENDICE C. Summary of study hypotheses ..........................................................II 

APPENDICE D. Partnership promotional poster sent to club.................................... III 

APPENDICE E. Address book of organisations potentially involved in the study. .. IV 

APPENDICE F. Partnership promotional poster for medical equipment rental. ........ V 

APPENDICE G. List of equipment required for recovery protocols. ........................ VI 

APPENDICE H. Free and informed consent form. ................................................. VIII 

APPENDICE I. Description of the EIMD generator training. ................................... IX 

APPENDICE J. Description of the muscle-strengthening phase of the training 

protocol (Step 3) ......................................................................................................... XI 

APPENDICE K. Summary of conventional recovery protocol. ................................ XII 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page IX 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

APPENDICE  L. Summary of experimental recovery protocol. ............................. XIII 

APPENDICE M. Calculation details of Whole-body PBMT duration. ................... XV 

APPENDICE N. Summary of assessment protocol................................................. XVI 

ANNEXES ................................................................................................................ XVII 

ANNEX A. Structural organisation of skeletal muscle. ......................................... XVII 

ANNEX B. The pathophysiological mechanism of EIMD and DOMS. .............. XVIII 

ANNEX C. Depth of light irradiation according to wavelength. ............................ XIX 

ANNEX D. “Light-biological tissue” interactions and clinical effectiveness. ........ XIX 

ANNEX E. Physiological mechanism of interaction between infrared radiation and 

biological tissue. ....................................................................................................... XX 

ANNEX F. BiostatGV® software interface. ............................................................ XX 

ANNEX G. « MyotestPRO® » measuring device................................................... XXI 

ANNEX H. List of French clubs in the “National 2” championship. ...................... XXI 

ANNEX I. « 11+ » warm up programme (Step 1 of the training protocol)............ XXII 

ANNEX J. Vertical Jump application guidelines (CMJ). ..................................... XXIII 

 

 

 

 

 

 

 

 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page X 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page XI 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

LIST OF ABBREVIATIONS 

ATP: Adenosine Triphosphate. 

BFR: Blood Flow Restriction. 

COX: Cytochrome c-oxydase. 

CK: Creatine Kinase. 

CMJ: Counter Movement Jump. 

CRP: C-Reactive Protein. 

CWI: Cold Water Immersion. 

CWT: Contrast Water Therapy. 

DOMS: Delayed-Onset Muscle Soreness. 

DOSS: Delayed-Onset Soft Siftness. 

EIMD: Exercise-Induced Muscle Damage. 

EBP: Evidence Based Practice. 

FFF: French Football Fédération. 

FIFA: Federation International of Football Associations. 

IL-6: Interleukin-6. 

LED: Light-Emitting Diode. 

MCID: Minimum Clinically Important Difference. 

NGF: Nerve Growth Factor. 

NO: Nitric Oxide. 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page XII 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

PBMT: Photobiomodulation Therapy. 

ROS: Reactive Oxygen Species. 

VAS: Visual Analogue Scale. 

WBC: Whole Body Cryotherapy. 

 

 

 

 

 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page XIII 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

LIST OF FIGURES AND TABLES 

Table  1. Inclusion and exclusion criteria. ..................................................................... 15 

Table  2. Validity and reliability of measurement instruments. ..................................... 17 

Table  3. Independent variable and dependent variables ............................................... 18 

Table  4. Chronology of the experiment. ....................................................................... 21 

 

Figure 1. Study design ................................................................................................... 13 

 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page XIV 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

  

 



Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page 1 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

INTRODUCTION 

With nearly 291 million active players across the world, football occupies a 

dominant position in the global sporting landscape. In fact, a survey conducted in 2006 

by the Federation International of Football Associations (FIFA) revealed that 4% of the 

world's population holds a football licence, confirming its position as the world's 

number one sport (Kunz, 2006). France is a prime example of this collective and social 

craze. According to a study carried out in 2013 by the “Foundation of Football” and the 

“Amateur Football League”, the country has over 2 million licensed players 

(representing 12% of all sports licences) and no less than 5 million unlicensed 

recreational players. 

This popular sport, which has always aroused the interest and passion of millions of 

people, is not without its risks. A recent cohort study of English professional footballers 

found that muscle tension was the most common cause of injury, accounting for 41.2% 

of cases (Jones et al., 2019). These injuries affect the integrity of a team. On average, a 

group of 25 players can expect around 45 injuries per season, half of which will result in 

more than a week's absence (Ekstrand, 2007). Based on these findings, the scientific 

community has attempted to identify the various risk factors associated with football 

injuries. These factors include in particular: previous injuries, advanced age (Hägglund 

et al., 2013) and muscle fatigue linked to incomplete recovery (Nédelec et al., 2012).  

Repeated mechanical stress over a prolonged period during training or competition 

induces micro-lesions in the muscle known as “Exercise-Induced Muscle Damage” 

(EIMD). They are the cause of Delayed-Onset Muscle Soreness (DOMS), more 

commonly known as "muscle soreness". Harmful to sportspeople, especially footballers, 

these painful muscle stiffnesses increase the risk of injury and have a negative impact 

on performance. In particular, muscle soreness can lead to muscle pain, a decrease in 

muscle strength and a reduction in the range of motion (Veqar & Imtiyaz, 2014). 

In order to meet the sporting demands of their club, as well as the expectations and 

requirements of their professional activities outside of sport, elite amateur footballer 
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need to be vigilant and rigorous about their recovery. In science, post-exercise recovery 

is defined as "the return of the entire biological system to homeostasis without 

maladaptation" (Soligard et al., 2016). However, although rest is an important part of 

the recovery process, a recent study has shown that 72 hours is not enough time for 

DOMS to disappear after a football match (Silva et al., 2018). 

In this context, it is essential that scientists implement different protocols to optimise 

post-exercise recovery so that amateur footballers can maintain the intense pace of their 

daily lives. Researchers have therefore studied several options to improve sports 

recovery (medication, nutrition, active recovery, compression, cryotherapy, immersion 

techniques, stretching, etc.) obtaining heterogeneous results. Among them, 

massotherapy and immersion techniques such as Contrast Water Therapy (CWT) appear 

to be the most popular and effective treatments in football to reduce DOMS and 

improve sports performance (Ahokas et al., 2019; Dupuy et al., 2018; Nédelec et al., 

2013). However, despite the wide range of recovery techniques described by the 

scientific community, there is a lack of consensus on the implementation of an optimal 

recovery protocol and differing opinions on the true effectiveness of some methods 

(Dupuy et al., 2018; Querido et al., 2022). 

Always seeking to optimise the recovery of athletes by adding more evidence to this 

controversial literature, scientists have recently described the principle of 

Photobiomodulation Therapy (PBMT) on post-exercise recovery. PBMT is a light 

therapy that uses non-ionising light sources such as lasers, Light-Emitting Diodes 

(LEDs) and broadband light from the visible to the infrared spectrum. Also known as 

“phototherapy”, it is a non-thermal process in which light interacts with chromophores, 

causing photophysical and photochemical reactions in different tissues to relieve pain, 

reduce inflammation and promote tissue regeneration (Leal-Junior et al., 2019). The 

literature suggests that PBMT may have a greater effect on post-exercise recovery if it 

targets the whole body. Researchers believe that the use of these devices (which are 

currently in development) would provide a real benefit by treating more target tissues in 

less time (Ghigiarelli et al., 2020). In addition, these studies note that there is a limited 

amount of work on this topic (whole-body therapy) and suggest that further research is 
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needed to understand the impact on the athlete's performance and physiological 

recovery. In fact, the vast majority of current research on PBMT has used devices 

whose strategy is to treat isolated muscle groups locally, sometimes with controversial 

results (Forsey et al., 2023; Ghigiarelli et al., 2020). Thus, does Whole-body PBMT 

combined with a conventional recovery protocol have a significant effect on post-

exertion pain and muscle performance in elite amateur footballer affected by 

EIMD compared to a conventional recovery protocol alone ? 

This work would respond to the issues raised in the recent scientific literature. It 

would provide additional answers to the potential benefits of Whole-body PBMT 

combined with a conventional recovery protocol, while specifying its optimal 

application procedure. Furthermore, this project appears to be relevant as the scientific 

community is currently encouraging further research to identify effective strategies to 

improve recovery in athletes (Querido et al., 2022). On this topic, the literature also 

considers that it would be wise to study the implementation of a protocol combining 

several recovery techniques to assess whether synergistic phenomena occur (Dupuy et 

al., 2018). Finally, it would make it easier for elite clubs to decide whether or not to 

invest in these expensive recovery devices based on relevant results regarding the 

potential effectiveness of whole-body PBMT in this field. 

The general objective of the study is to compare the effect of Whole-body PBMT 

combined with a conventional recovery protocol compared to a conventional recovery 

protocol alone on post-exercise recovery in elite amateur footballers affected by EIMD. 

The study has several specific objectives. The specific objectives are to compare the 

effects of whole-body PBMT combined with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exercise pain intensity, 

muscle strength and power in elite amateur footballers affected by EIMD. 

To this end, the prospective experimental study will be quantitative, controlled and 

multicentric. A blind evaluation will be carried out on elite amateur footballers at 

"National 2" level (4th level in France, corresponding to the highest amateur level). 

Cluster randomisation will be used to assign the conventional recovery protocol to the 
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control group (1st club) and the whole-body PBM therapy combined with a 

conventional recovery protocol to the experimental group (2nd club). The main 

evaluation criterion of the study will be the intensity of lower limb muscle pain, self-

assessed using a digital Visual Analogue Scale (VAS). The secondary evaluation 

criteria will be the maximal muscular strength and power of the lower limbs generated 

during a vertical jump and measured by a "MyotestPRO®" accelerometer. 

This work is divided into several chapters. The first part is devoted to the 

introduction of the dissertation. The second part is dedicated to the theoretical 

framework, describing the general background of DOMS, the pathophysiological origin 

and the detrimental consequences of muscle soreness on the body, as well as a 

presentation of the different recovery strategies described in the scientific literature.  

The third part deals with the methodology of the study and includes: objectives, study 

design and plan, population and sample characterisation, data collection instruments, 

study variables and hypotheses, as well as project implementation procedures.               

The final chapter presents the critical reflections and conclusions of this work, in order 

to analyse the strengths and limitations of the project. Finally, the thesis concludes by 

presenting the bibliographical references studied. 
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THEORETICAL FRAMWORK 

1. « DOMS » : Diseases causing discomfort 

1.1  Definition and generalities about DOMS 

Repeated mechanical stress during physical activity causes muscle microlesions, 

known as Exercise-Induced Muscle Damage (EIMD). These are at the origin of 

Delayed-Onset Muscle Soreness (DOMS), which is an integral part of intrinsic muscle 

lesion pathologies (Mueller-Wohlfahrt et al., 2013). From a clinical point of view, 

muscle soreness is a true post-exertional inflammatory muscle syndrome, characterised 

by diffuse muscle sensitivity, with painful palpation concentrated precisely at the distal 

myotendinous junction or in the most pinnate part of the muscle (Cohen & Cantecorp, 

2011; Coudreuse et al., 2007). In terms of symptomatology, pain in the lower limb is 

mainly felt in the quadriceps, but can also affect the hamstrings and the triceps surae 

(Coudreuse et al., 2004).  

DOMS appears gradually over a period of 12 to 48 hours following intense and/or 

unusual, predominantly eccentric work. Usually present on resumption of sporting 

activity or when there is a change in the type of training, these muscular disorders reach 

a painful peak between 48 and 72 hours, then diminish to disappear 5 to 7 days later 

(Coudreuse et al., 2007; Valle et al., 2014). Thus, sports subjects affected by DOMS 

may feel muscle pain at rest, during passive stretching and during isometric or dynamic 

contractions, with pain increased by eccentric work (Cohen & Cantecorp, 2011). 

1.2  Pathophysiological origins of DOMS 

Although there is not always a clear consensus on the cause of DOMS, unusual 

muscle work of eccentric origin seems to be the most credible mechanism in the onset 

of muscle soreness (Cheung et al., 2003; Nelson, 2013; Heiss et al., 2019). Indeed, this 

contraction regime induces mechanical stress and can cause microlesional structural 

damage to the Z-disc, sarcolemma, basal lamina, connective tissue, contractile elements 

and cytoskeleton (Koch et al., 2014), leading to increased sarcomere overstretching. 
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Furthermore, the existing correlation between eccentric work and the development of 

DOMS can be explained by a majority recruitment of type II fibres, which are 

composed of an extracellular matrix and Z band that are less developed and narrower 

than type I fibres (Connolly et al., 2003). However, the micro lesions caused by 

eccentric contractions occur directly during the exercise. Consequently, they don't fully 

explain the presence of muscle soreness, which gradually appears over the following 12 

to 48 hours. Based on the pathophysiological basis, some authors explain that treatment 

considerations should also focus on the inflammatory responses stimulated by the 

injured musculotendinous system (Heiss et al., 2019). 

The inflammation required to resolve EIMD may be largely responsible for the 

development of DOMS. Lesion damages disrupt the homeostasis of the damaged fibres 

and are accompanied by an accumulation of calcium, which activates the proteolytic 

enzymes responsible for Z-band degradation. Thus, the accumulation of interstitial 

fluid, the formation of intramuscular oedema and the presence of pro-inflammatory 

substances such as Nerve Growth Factors (NGF), histamine, bradykinin and 

prostaglandins have been described as responsible for the nociceptive activation of type 

III and IV nerve fibres and the algesic symptom (Nie et al., 2009; Kim & Lee, 2014). 

Type IV fibres cause the dull and diffuse pain, characteristic of DOMS. 

Furthermore, a study published in 2020 put forward the hypothesis of axonopathy 

(pathology of the axon) caused by acute compression of the nerve endings of the muscle 

spindle. This would be caused by the superimposition of compression when repetitive 

eccentric contractions are performed under cognitive demand (Sonkodi et al., 2020). 

Finally, the latest scientific theories suggest that the extra muscular connective tissue 

and particulary deep fascia (Annex A) plays a dominant role in the pathogenesis of 

DOMS. Indeed, the tensile forces associated with eccentric contraction can cause 

microtears and inflammation of the deep fascia which, according to the research, 

appears to be more sensitive to pain than muscle following chemical, thermal, electrical 

and mechanical irritation. Nevertheless, the cause-effect relationship concerning this 

Delayed-Onset Soft Stiffness (DOSS) has not yet been clearly established (Tenberg et 

al., 2022; Wilke & Behringer, 2021). 
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1.3  Pathophysiological consequences of DOMS  

According to Byrne et al (2004), soreness has a negative impact on certain 

performance criteria such as sprinting, muscular strength and jump performance. 

Furthermore, the onset of DOMS is the cause of several dysfunctions (Pearcey et al., 

2015): A decrease in proprioceptive function, a disturbed sense of joint position, a 

reduction in joint amplitude, as well as a decrease in muscle strength. It is accentuated 

in the 24 to 48 hours after exercise and, along with pain, seems to be the most 

frequently cited consequence (Veqar & Imtyaz, 2014; Heiss et al., 2019). Finally, 

recruitment patterns may be altered. These compensatory mechanisms impair athletic 

performance, but can also increase the risk of injury (Cheung et al., 2003). All of these 

impairments to muscle function and joint mechanics are therefore added to                     

the delayed-onset algic symptom described previously (Annex B). From a biological 

point of view, scientists have reported increased Creatine Kinase (CK) activity in blood 

plasma, which is closely associated with DOMS. Other biomarkers, such as Interleukin-

6 (IL-6) and C-Reactive Protein (CRP), can be assessed in the inflammatory process, 

but the analysis of these parameters should be relativised as they can influence many 

physiological processes even in the absence of inflammation (Hotfiel et al., 2018). 

2. Description of therapeutic methods / techniques 

2.1  Medicinal strategies and metabolic processes 

Oral medication, in particular non-steroidal anti-inflammatory drugs, aim to improve 

the management of DOMS and muscle injuries. However, this inflammatory inhibition 

would be at the origin of the negative effects on muscle regeneration (Heiss et al., 2019; 

Paulsen et al., 2012). Concerning nutritional strategies, the post-exercise ingestion of 

carbohydrates and proteins with a high glycaemic index would accentuate the recovery 

process in order to improve muscle function and reduce soreness (Nédélec et al., 2013). 

Furthermore, the role of hydration is to restore water loss and facilitate 

thermoregulation to maintain optimal sports performance (Thomas et al., 2016). Finally, 
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sleep quality remains essential, as its alteration increases pain sensitivity after acute soft 

tissue injury (Palsson et al., 2023). 

2.2  Active recovery strategies  

The principle of active recovery aims to facilitate the elimination of metabolic waste; 

however, it has not shown a superior impact compared to other recovery techniques 

(Dupuy et al., 2018). Furthermore, the effect of the Blood Flow Restriction (BFR) 

technique on DOMS remains controversial in the scientific literature (Rodrigues et al., 

2022). A combination of BFR and electrical stimulation has recently been studied and 

has shown no efficacy in preventing induced muscle damage (Cintron et al., 2024). 

2.3  Passive recovery strategies  

Compression treatment methods have shown a moderate effect on reducing DOMS 

and a lack of influence on muscle performance (Wisniowski et al., 2022). As for 

electrostimulation techniques, they remain controversial and studies have not revealed 

any clinically significant results in terms of reducing DOMS and recovering muscular 

capacity (Dupuy et al., 2018; Menezes et al., 2022). In addition, Whole-Body 

Cryotherapy (WBC) and partial-body cryotherapy have been recommended for the 

recovery of EIMD and have recently demonstrated similar responses on muscle 

performance, pain and markers of muscle damage (Azevedo et al., 2022). These 

cryotherapy strategies may be superior to passive recovery in improving DOMS but the 

authors did not find the best modality of application (Hohenauer et al., 2015). On the 

other hand, thermotherapy through the application of heat could be effective on DOMS 

but the duration required would be at least 8 hours continuously (Petrofsky et al., 2017). 

Finally, with regard to stretching, it is not always recommended after exertion and has 

not shown a significant positive effect in the treatment of DOMS (Dupuy et al., 2018). 

2.4  Immersive recovery strategies 

Among hydrotherapy methods, Cold Water Immersion (CWI) and Contrast Water 

Therapy (CWT) remain the most commonly described recovery techniques in the 
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literature, despite their sometimes-controversial results. Indeed, some authors have 

found that CWI and CWT don’t improve recovery from perceived muscle soreness after 

team sports (Higgins et al., 2017). In contrast, other scientists mention the effectiveness 

of these methods in recovering from DOMS as well as their positive role in the athlete's 

performance and well-being (Ahokas et al., 2019; Dupuy et al., 2018). Furthermore, a 

survey on recovery strategies revealed that 88% of French professional football teams 

use CWT to improve team recovery (Nédelec et al., 2013). The effectiveness of this 

technique would be mainly related to hydrostatic pressure (reduction of oedema), 

analgesic phenomena (through local vasoconstriction during exposure to cold) as well 

as vasomotricity (combination of vasodilation and vasoconstriction), which would allow 

the movement of metabolic substances, repair of muscle damage and reduction of 

metabolic processes (Bieuzen, 2013). In addition, a systematic review reveals its 

significant effectiveness in reducing muscle strength loss compared to passive recovery 

(Bieuzen et al., 2013). Although there is a lack of consensus in the description of an 

optimal CWT protocol, specific guidelines have been proposed regarding water 

temperature, duration, and subject immersion level (Higgins et al., 2017; Versey et al., 

2012; Versey et al., 2013). Thus, the popularity and potential effectiveness of CWT 

in sports recovery explains the decision to integrate this technique into the 

project's conventional recovery protocol. 

2.5  Manual recovery strategy 

Massotherapy is used by over 70% of French and Spanish football teams to help 

players recover (Altarriba-Bartes et al., 2021). Omnipresent in elite sport, the most 

common regime is a 30-60 minutes session for isolated treatment (Bezuglov et al., 

2021), but a recent meta-analysis reveals that a 5-12 minutes massage appears to be 

sufficient to improve overall recovery (Poppendieck et al., 2016). Moreover, these 

scientists cite effleurage, kneading and deep gliding pressure as the manoeuvres most 

commonly used in sports. Despite a lack of consensus on an optimal application 

protocol, massage therapy has been identified as the most effective recovery technique 

for reducing DOMS and the perception of muscle fatigue. Indeed, manual pressure 
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exerted on muscle tissue would improve neutrophil flushing of the affected area, 

preventing muscle fibre necrosis as well as the efflux of CK and IL-6 that circulate in 

the blood after exercise (Dupuy et al., 2018). On the other hand, biochemical changes, 

combining a reduction in cortisol with an increase in dopamine and serotonin, would 

explain a reduction in the feeling of pain (Nelson, 2013). However, there is no evidence 

that post-exercise sports massage is effective in improving performance (Davis et al., 

2020). Nevertheless, athletes consider massage to be one of the most effective recovery 

methods (Bezuglov et al., 2021). Thus, the popularity and potential effectiveness of 

massotherapy in sports recovery explains the decision to integrate this technique 

into the project's conventional recovery protocol. 

2.6  Whole-body Photobiomodulation Therapy (PBMT) 

Definition: PBMT (or phototherapy) is light therapy that uses non-ionising light 

sources, such as lasers, Light-Emitting Diodes (LEDs) and broadband light, from the 

visible (380 to 780 nm) to the infrared (>780 nm) spectrum. It is a non-thermal, low-

intensity process in which light interacts with chromophores, leading to photophysical 

and photochemical reactions in different tissues to relieve pain, reduce inflammation, 

modulate the immune response and promote tissue regeneration (Leal-Junior et al., 

2019). To set up a PBMT protocol, a number of specific parameters need to be defined 

beforehand, including: wavelength (Nanometres), power (Watts), energy (Joules), 

irradiance (W/cm²), fluence (J/cm²), exposure time, irradiated surface area and 

application techniques, which may be local (face masks, pens…) or whole-body 

(panels, light beds…). An error in the settings could lead to a variation in the expected 

effects and incorrect targeting of the area to be treated (Annex C). 

Principle of interaction: "Light-tissue" interactions can be classified into four 

different processes (Annex D): Absorption/diffusion and reflection/transmission (Mosca 

et al., 2019). These interactions are at the root of the clinical effectiveness of PBMT and 

are determined by the physical parameters of the light described above, as well as the 

tissue composition of the treated area. Indeed, the efficiency of light penetration into the 

skin is mainly related to the absorption spectra of three biological chromophores: 
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melanin in the epidermis, haemoglobin in the blood and water in the tissues. Therefore, 

if wavelength-specific chromophores are not present in the tissues, photons will pass 

through in total transmission without producing biological effects (Mosca et al., 2019). 

In addition, the physical energy of the light is progressively attenuated as it penetrates 

the tissue until it is completely extinguished. Thus, red and blue wavelengths (low 

penetration, high absorption) are preferred for treating superficial tissues, while infrared 

(low absorption, high penetration) targets deeper tissues. Researchers therefore describe 

red and infrared as the two popular PBMT wavelengths with physiological effects on 

human cells and tissues (Heiskanen & Hamblin, 2018). Finally, there is a “biphasic 

dose-response” model which describes an optimal value for the “dose” delivered by the 

device. For a given dosimetric value, an optimal response is achieved, but if the dose 

increases excessively, the physiological response decreases, and this could be the cause 

of negative or inhibitory effects. Thus, PBMT can have a stimulatory or inhibitory 

effect on the organism, depending on the physical parameters of the light (Hamblin, 

2017). As a result, clinical guidelines for the use of PBMT have been described, 

particularly for improving physical performance and recovery after exercise (Leal-

Junior et al., 2019).  

Physiological mechanisms: Within the cell, there is strong evidence that PBM 

therapy acts on the mitochondria. Light is absorbed by chromophores, which are 

membrane proteins called Cytochrome c oxidase (COX) that function as photo 

acceptors. Absorption of the radiation then triggers a "biostimulation" characterised by 

various cellular mechanisms in the mitochondrial respiratory chain (Annex E): 

Membrane potential and Adenosine Triphosphate (ATP) production increase, Reactive 

Oxygen Species (ROS) are generated and Nitric Oxide (NO) is released by 

photodissociation between NO and COX (as a remember, NO is an inhibitor of cellular 

respiration that reduces ATP production). These cytosolic responses can activate 

transcription factors. These factors enable protein synthesis, which leads to significant 

cell proliferation, modulation of levels of cytokines, growth factors, inflammatory 

mediators and increased tissue oxygenation. This whole process acts as an exercise 

mimetic (Chung et al., 2012; Hamblin, 2018).  
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Evidence-based results: Among the key clinical results of PBMT, systemic 

reduction of inflammation is an important parameter in traumatic injuries, joint, lung 

and brain diseases (Hamblin, 2017). So far, the majority of research into muscle 

recovery has used devices targeting localised muscle groups, and the results obtained 

seem to be controversial. Indeed, several studies indicate no effectiveness of PBMT on 

DOMS and recovery of post-exertion performance (Azuma et al., 2021; D'Amico et al., 

2022). Furthermore, a recent meta-analysis found no evidence that PBMT improves 

strength and functional capacity in healthy individuals (Bezerra et al., 2023). Finally, 

some researchers have found that PBMT is not superior to CWI (Malta et al., 2019).         

In view of these uncertainties, analysis of whole-body PBMT is relevant. A randomised 

crossover study suggests that its use would have a real benefit by treating more target 

tissues in less time (Ghigiarelli et al., 2020). However, the protocols vary, the number of 

studies is very small and not all scientists are agreed on the subject. Indeed, preliminary 

results on water polo athletes involving 5 minutes of whole-body PBMT, performed 

standing and using light panels, did not reveal a faster recovery of muscular 

inflammatory responses. Following these results, the scientists suggest that further 

research is needed to determine the ideal parameters for setting up a whole-body 

irradiation protocol (Zagatto et al., 2020). In addition, a whole-body PBMT protocol 

performed in a supine position with a light bed demonstrated an improvement in the 

post-exercise recovery of subjects after maximal anaerobic exercise (Wingate test), but 

did not reveal a positive effect on performance. The scientists concerned suggest a 

greater effect of these responses if the physical exercise involved the whole body and a 

higher level of requirement in terms of intensity and/or duration (Forsey et al., 2023). 

Whole-body PBMT has also shown convincing results on pain, stiffness, fatigue and 

quality of life in patients with fibromyalgia. These authors seem to consider this option 

as a promising treatment for chronic pain (Fitzmaurice et al, 2023). Finally, all these 

scientific studies highlight the scarcity of articles on the subject and describe a real need 

to study whole-body PBMT in order to understand the impact of this strategy on   

physiological recovery and its optimal application parameters. Thus, the recent 

findings in the literature explain the decision to include this therapy in the 

project's experimental recovery protocol. 
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METHODOLOGY 

1. General and specific objectives of the study 

The general objective of the study is to compare the effect of whole-body PBMT 

combined with a conventional recovery protocol compared to a conventional recovery 

protocol alone on post-exercise recovery in elite amateur footballers affected by EIMD. 

The study has several specific objectives. The specific objectives are to compare the 

effects of whole-body PBMT combined with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exercise pain intensity, 

maximal muscle strength and power in elite amateur footballers affected by EIMD. 

2. Study design and plan 

The study is quantitative. It is a prospective experimental study conducted as a 

controlled clinical trial with parallel groups and cluster randomisation to limit bias and 

provide the highest level of scientific evidence.  

Figure 1. Study design. 
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The study project is multicentric and will be set up in the two towns where the two 

French amateur football clubs selected for the experiment are located. This is the most 

realistic option for selecting the necessary number of subjects, taking into account the 

average number of players in a club (around 25) and anticipating on the participation 

criteria that could exclude some subjects. In this way, it will increase the statistical 

power of the study and allow faster recruitment of the population (reduction of time 

effect bias). The data will be assessed and processed in a blinded process by 

independent evaluators who are unaware of the group distribution in order to avoid 

acquisition bias. 

3. Population and sample  

3.1  Target population 

The target population will be adult subjects belonging to the elite of amateur football 

and playing in the "National 2" championship. In fact, in a pyramidal vision of senior 

championships, this is the highest level in France, which is strictly non-professional 

(Appendice A). The choice of this elite population is explained by the desire to study 

players subjected to a heavy training load, in addition to the daily physical demands of 

their professional activities. The right balance between training load and post-exercise 

recovery is therefore necessary for these players predisposed to DOMS in order to avoid 

poor adaptation to the psychological and physiological stresses induced by exercise 

(Soligard et al., 2016). 

3.2  Sample and sampling method 

The sample will be determined from the target population and will be represented by 

two groups of equal proportion. The two amateur football clubs selected to participate 

in the study will make their teams available, from which the players to be included will 

be selected according to the participation criteria described later (Chapter 4). In the 

event that more players than required meet the criteria, the oldest players will be given 

priority for inclusion (see "Inclusion Criteria"). With regard to sampling, random 
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clustering will be carried out using HASARD® software, which will enable an 

automatic drawing of lots. The selected clubs will then be listed, and the software will 

draw lots between these two clubs. The first club to be drawn will integrate the control 

group, while the second club will be part of the experimental group. 

3.3  Sample size  

In order to obtain a representative sample of the population, the number of subjects 

required was calculated using BiostatGV® software (Annex F), taking into account the 

Minimum Clinically Important Difference (MCID) set to ensure a clinically significant 

difference. This is a test comparing two means with two independent samples. The 

principal assessment criterion for the project is pain intensity in the lower limb, and the 

digital VAS will be used to evaluate this dependent variable. According to some 

authors, for the change in pain to be clinically significant, the study must show a 

decrease of 1.4 units on a VAS of 10 units, in other words a decrease of 14 mm on a 

total scale of 100 mm (Zheng-tao Lv et al., 2020). The standard deviation has been 

arbitrarily set at 1.4 units, equivalent to 14 mm, with a first-species risk  = 0.05 and 

statistical power of 80% (Vedova, 2019). The type of test is bilateral. Thus, the 

resolution of the calculation reveals that the project requires a minimum of 32 players in 

order to have an 80% chance of obtaining a 14 mm difference between the groups. 

Finally, the number of subjects will be increased by 10% to take account of 'lost to 

view' participants, giving a total of 36 players to be included (18 players per club). 

4. Characterisation and sample selection process 

From the target population, the aim is to obtain a representative and homogeneous 

sample of the population, therefore only players meeting the participation criteria below 

will be included in the study (Table 1). 

 

Table  1. Inclusion and exclusion criteria. 
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Inclusion criteria Exclusion criteria 

→ Voluntary amateur footballer, 

licensed in a French club (“National 2” 

level), previously selected. 

 

→ Adult aged 30 (+/- 5 years). 

 

The oxidative system of a young subject 

is more efficient, so recovery is shorter 

(Cohen & Cantecorp, 2011). 

The older subject is therefore a better 

model for this study project. 

 

→ Observe a strict rest period of at least 

one week before the start of the study. 

 

A subject resuming physical activity is 

more likely to respond positively to the 

DOMS creation protocol. 

→ Players with contraindications to CWT and Massotherapy 

(diseases of the cardiovascular, respiratory and integumentary systems, 

Reynaud's syndrome, phlebitis, unhealed wounds, cold allergy, 

hydrophobia) and to Whole-body PBMT: cancer, psychiatric disorders, 

hypersensitivity to light, epilepsy, eye disorders and severe skin diseases 

(Fitzmaurice et al., 2022). 

→ History of recent lower limb trauma (< 4 months) contraindicating 

heavy muscular exercise. This could be the cause of poor tissue 

healing. 

→ Subjects taking medication, especially anti-inflammatory 

treatment. This could be a source of pain bias (Heiss et al., 2019). 

→ Occurrence of injury during DOMS protocol creation (training 

protocol scheduled for Day 1). 

→ Failure to comply with the terms of the study and use of another 

recovery method (Active recovery, cryotherapy…)  

→ Unexpected change of club between seasons / Voluntary 

withdrawal from the project. 

 

5. Evaluation criteria and data collection instruments 

5.1  Evaluation criteria 

The main evaluation criterion of the study will be the intensity of lower limb muscle 

pain, self-assessed using a digital Visual Analogue Scale (VAS). The secondary 

evaluation criteria will be the maximal muscular strength and power of the lower limbs 

measured by a "MyotestPRO®" accelerometer. 

5.2  Data collection instruments 

The Visual Analogue Scale (VAS) is a tool for the visual quantification of pain 

intensity. It is a simple, subjective and validated measurement instrument that allows 

self-assessment of pain sensation using a movable cursor on a millimetre scale ranging 

from 0 mm (“no pain”) to 100 mm (“unbearable pain”), with a minimum clinically 

significant difference of 14 mm for muscular pain. (Zheng-tao Lv et al., 2020).                

To facilitate data collection, a digital VAS on a smartphone (« EVA- Échelle Visuelle 

Analogiqu » application) will be used as an assessment tool for lower limb muscle pain 

(Appendice B).  
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With regard to the "Myotest PRO®" instrument (Annex G), this is a measuring 

device equipped with a three-dimensional accelerometer to measure the acceleration of 

the load on a vertical axis in order to objectify certain criteria such as the speed, strength 

and muscular power generated during a sporting movement. It's a quick and easy 

measurement tool that requires no prior installation. Its compact size (the size of an 

MP3 player) and light weight (59 grams) mean that it can be carried and used directly 

on the pitch thanks to a waist belt (L'appareil Myotest PRO, 2014). The assessment of 

muscular performance will be determined by a vertical jump test (programmed into the 

control unit) to measure the maximal muscular strength and power generated during a 

“Countermovement Jump” (CMJ). Performed without the use of the upper limbs, the 

CMJ has the advantage of isolating the action of the lower limbs from the action of the 

arms; the latter being able to influence the performance of the jump. Moreover, it 

involves the "stretching-shortening" cycle of the muscles (plyometric effect), which 

makes it more representative of the movements performed during football practice. 

Table  2. Validity and reliability of measurement instruments. 

 

6. Variables 

The independent variable of the study will be the type of recovery performed 

according to the allocation group (Table 3). The dependent variables correspond to the 

judging criteria and will be assessed in a blinded process by independent assessors who 

will be unaware of the groups' distribution. The main assessment criterion will be the 

intensity of muscle pain in the lower limb. This is an important clinical feature since 

delayed muscle soreness is the most common clinical manifestation following high-

volume plyometric training in professional and amateur athletes (Cheung et al., 2013). 

Digital Visual Analogue Scale (VAS) Accelerometer « MyotestPRO® » 

→ This is a validated measurement instrument (Zheng-tao 

Lv et al., 2020) commonly used to assess pain intensity, and 

whose evidence supports its reliability and validity in various 

populations (Ferreira-Valente et al., 2011). Some authors have 

demonstrated that the digital version (on smartphone or laptop) 

shows no clinically relevant difference (Delgado et al., 2018). 

→ The “MyotestPRO®” measuring device provides 

precise and reproducible values whose validity and 

reliability have been demonstrated by various 

authors (Castagna et al., 2012; Choukou et al., 2014). 

Studies indicate that the parameters measured by 

these pre-programmed tests are reliable. 
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The secondary evaluation criteria will be the maximal muscular strength and power of 

the lower limb. These functional parameters, which are affected by DOMS, are essential 

for the achievement of sports performance associated with football. Therefore, it seems 

appropriate to assess these two components in the target population. 

Table  3. Independent variable and dependent variables  

Group (N=36) Independent variable Dependent variables 

CRTL Group (n=18) Conventional recovery protocol → Pain intensity in the lower limbs (DOMS) 

→ Maximal muscular strength and power 

of the lower limbs. EXP Group (n=18) 

Whole-body PBM Therapy 

+  

Conventional recovery protocol 

 

7. Hypotheses of the study 

The study project is based on two types of hypotheses, which are summarised in the 

form of a table: (Appendice C) 

The null hypothesis (H0): The experimental recovery protocol shows no clinically 

significant difference from the conventional recovery protocol on post-exertion pain 

intensity, maximal muscle strength and power of the lower limbs in amateur footballers 

affected by EIMD. 

Alternative hypotheses (H1): The experimental recovery protocol shows a 

clinically significant difference compared with the conventional recovery protocol on 

post-exertion pain intensity and/or maximal muscle strength and/or power of the lower 

limbs in amateur footballers affected by EIMD. 

8. Application procedures with references to authorisation 

requests 

8.1  Choice of partners, human resources and techniques 

Initially, a partnership will be sought with two football clubs playing in the  

“National 2” Championship for the 2024-2025 season. Therefore, with the exception of 
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the "reserve teams" of the professional clubs (second team of the professional clubs) 

that can play in this league, all the "National 2" teams (Annex H) will be contacted by 

means of an e-mail intended for the clubs' managers and the referring doctor, in order to 

send a poster promoting of the study (Appendice D), to announce the objectives of the 

project as well as the participation criteria for the subjects. It would be judicious to 

contact the French Football Federation (FFF), which is the institution responsible for 

this championship (Appendice E), in order to obtain the contact details of these clubs 

and/or to promote the project. As the study is multicentric and carried out in a single-

blind process, it will require three principal investigator physiotherapists in each of the 

selected cities to be in charge of the different protocols (EIMD creation protocol / 

Recovery protocols) and one evaluator physiotherapist responsible for data collection. 

The main characteristic allowing to designate the principal investigators will be to be 

sports specialists in order to have a good knowledge of the recovery techniques used, as 

well as muscular pains related to sports practice. For the physiotherapist assessors, a 

good knowledge of biostatistics and of the selected assessment instruments will be 

required. A prior training session on the techniques used and the assessment tools will 

be held before the study in order to standardise the interventions. Professionals 

practising not far from the study sites will be canvassed by email or via social networks 

(LinkedIn®, Instagram®, Facebook®) to be invited to take part in the project. The 

message sent will specify the profile sought, the objectives of the study and the 

implementation modalities. Furthermore, to carry out the study, a partnership request 

(Appendice F) will be established with several wellness centres and rental companies 

specialised in sports and medical equipment, with a view to collecting all the material 

required for the study (Appendice G). Thus, each club will be equipped with: massage 

tables, a neutral massage cream, a cold water bath and a hot water bath. For the club 

subject to the experimental recovery protocol, the Whole-body PBMT system selected 

for the experiment will be added. Developed by BioLedTherapy® (a French company 

specialised in this field), the device will be recruited by contacting the manufacturer's 

partner companies that may have the required equipment (Appendice E). This process 

will avoid any potential conflict of interest with the manufacturer. The email sent will 

describe the terms of the study, the purpose of the request and will include the 
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promotional poster provided for this purpose (Appendice F). As regards the assessment 

tools, the same procedure will be performed by contacting the manufacturer of the 

MyotestPRO® measuring device (Appendices E & F). Finally, the digital application 

"EVA- Échelle Visuelle Analogiqu" can be installed (in an identical version) directly on 

the smartphones of the assessors' physiotherapists. 

8.2  Sample selection and groups constitution 

After the partnership research, it will be necessary to select the sample to form the 

groups. As a reminder, when the club receives the informative e-mail, the referring 

doctor will also have received the participation criteria, allowing him (or her) to present 

the study to the players and determine the potential involvement of the club in the 

project. Thus, if more than two clubs respond positively to the request, preference will 

be given to those with the highest weekly training load, reinforcing the general idea of 

the study targeting the elite of amateur football. If less than two clubs are interested in 

the project, lower league clubs ("National 3") will be included. Once the partnerships 

have been established, the two clubs will be informed as soon as possible of the results 

of the random cluster sampling (see Chapter 3.2), which will determine the recovery 

protocol to which they will be subjected (control or experimental group). Subjects will 

be selected from the target population according to the inclusion and exclusion criteria. 

Each of the volunteers selected for the study will be contacted quickly by telephone and 

will receive an e-mail containing the free and informed consent form (Fernandez & 

Catteuw, 2001), which must be signed before the start of the experiment (Appendice H). 

Finally, to facilitate data collection and manipulation, the HASARD® software will also 

allow each participant to be assigned a number from 1 to 36 according to their group (1-

18 for the control group / 19 to 36 for the experimental group). 

8.3  Intervention protocol 

Each of the two selected clubs will have to make its players and facilities available 

for the entire duration of the project, that is, for the first four days of the 2024-2025 pre-

season (Table 4). In addition, the players will have to respect, as far as possible and for 
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the entire duration of the experiment, the following conditions: relative rest during the 

day, strict hydration with 2 litres of water per day and, if possible, a full night's sleep 

(ideally 8 hours per night). These parameters can influence the athlete's recovery 

(Palsson et al., 2023; Thomas et al., 2016) so they are standardised.  

Table  4. Chronology of the experiment. 

Day 

Time 

Day 1 

Saturday 

Day 2 

Sunday 

Day 3 

Monday 

Day 4 

Tuesday 

4 pm – 6 pm  EIMD creation 

protocol 

  

From 6 pm Initial data 

collection 
Recovery Protocol 

(Session 1) 

Recovery Protocol 

(Session 2) 

Final data 

collection 

Note: The final data collection will take place on Day 4 from 6pm, exactly 48 hours after the end of the training 

protocol. Indeed, some authors suggest that the peak of DOMS occurs 48 hours after exercise (Nelson, 2013) 

 

8.3.1 EIMD generator training procedure 

An intensive training protocol with the aim to create EIMD will be set up identically 

in the two selected football clubs. To this end, the three principal investigators assigned 

to a club may be accompanied by the club's physical preparer in order to rigorously 

supervise the training. The protocol will be carried out in 4 successive steps (entirely on 

the pitch,  1h40), alternating exercises with and without the ball. It will begin with a 

full warm-up (Step 1), whose effectiveness has been scientifically proven. The "11+" 

warm-up protocol (Annex I), created by FIFA, was developed by international football 

and health experts (Bizzini & Dvorak, 2015). The training will continue by a physical 

exercise with the ball called "Circuit passe et suit" (Step 2). This is a technical exercise 

allowing the players to work physically and playfully thanks to the utilisation of the 

ball. The session will follow by a physical exercise without ball (Step 3), which will 

combine a lower limb muscle-strengthening phase and a running workout with change 

of supports. Finally, the protocol will end by a match with themes to encourage the 

physical strain of all the players (Step 4). Indeed, the physical demands that it requires 

(duels, pass, acceleration/deceleration, sprints, changes of supports…) justify its 

relevance. The detail of this training protocol standardises the intervention (Appendices 

I & J). At the end of the intensive training session, the players will go to the club's 
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premises to begin the recovery protocol. For hygienic reasons, a short shower at room 

temperature will be taken before the start of the protocol. The three principal 

investigators assigned to a club will take charge of the recovery protocol following the 

intensive training protocol. 

8.3.2 Conventional recovery protocol procedure 

The conventional recovery protocol for the control group (Club A) will be carried 

out in two parts, for a total duration of 30 minutes per player. The first part will 

consist of a therapeutic massage of the lower limbs on the muscles frequently affected 

by DOMS (Quadriceps, Hamstrings, Triceps surae) (Coudreuse et al., 2004). The 

investigators will use the manoeuvres most commonly described in sports practice, in 

particular effleurage, deep gliding pressure and kneading (Poppendieck et al., 2016) for 

a total duration of 15 minutes. Studies differ on this subject and there is no consensus on 

the duration of massage in sports practice. In fact, some authors have observed long 

application times (30 to 60 minutes) for a single sports massage (Bezuglov et al., 2021), 

while other authors recommend short massages of less than 15 minutes (Poppendieck et 

al., 2016). Finally, the manoeuvres performed should be relatively slow, tolerated by the 

player and carried out centripetally, following the vascular pathway of the venous 

return. The second part of the protocol will continue with immersion therapy. For the 

implementation of CWT, the investigators will follow the recommendations described 

by Higgins et al. (2017): The total duration of immersion will be exactly 15 minutes, 

divided into 5 consecutive immersions (Hot water / cold water) of 3 minutes each. In 

addition, temperatures will be fixed at 10°C for the cold water bath and 38°C for the hot 

water bath. Finally, the immersed player will have to maintain an optimal immersion 

position as described by the investigators. Thus, the entire conventional recovery 

protocol will be standardised on the basis of scientific data. A summary of this 

conventional protocol is presented in tabular form (Appendice K). 

8.3.3 Experimental recovery protocol procedure 

The recovery protocol for the experimental group (Club B) will be divided into 

three parts for a total duration of 30 minutes per player. The first part will consist of a 
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therapeutic massage which will follow the same procedures as the conventional group 

in terms of the material used, the position of the subject and the chronology of the 

manoeuvres performed. Nonetheless, the total duration of the massage will follow the 

recommendations of Poppendieck et al. (2016) and will be set at 9 minutes. The second 

part of the protocol will continue with the CWT, which will be applied according to the 

same parameters as the conventional group in terms of the equipment used, the 

temperature of the baths and the position of the subject in immersion. However, the 

total duration of the immersion will be set at 6 minutes (Versey et al., 2012). Finally, 

the third part of the protocol will involve Whole-body PBMT for a total of 15 minutes. 

After immersion, the subject will be allowed to dry off and settle under the Whole-body 

PBMT device following the investigator's instructions. Beforehand, the light irradiation 

will be precisely configured according to the clinical guidelines described by Leal-

Junior et al. (2019) for use in sports. Indeed, the authors suggest an optimal dose of 

between 30 and 60 J for small muscle groups (Triceps Surae) and between 60 and 300 J 

for more voluminous muscles (Quadriceps, Hamstrings). Therefore, the configuration of 

the device will be calculated to ensure that the irradiation dose to the main muscle 

groups of the lower limb (Quadriceps, Hamstring, Triceps Surae) follows the 

recommended values. Knowing that the ineffectiveness of a treatment on cells with high 

mitochondrial activity (muscles, brain, heart, nerves) is more often due to overdosing 

than underdosing (Zein et al. 2018). Thus, the entire experimental recovery protocol 

will be standardised on the basis of scientific data. A summary of this protocol is 

presented in tabular form with precision on device configuration (Appendices L & M). 

8.4  Assessment protocol 

Within the clubs, independent physiotherapists will carry out single-blind evaluation 

of the different assessment criteria on the first day and the last day of the study, starting 

from 6 pm. In order to avoid any potential alteration in pain perception, caused by an 

assessment of muscular performance carried out in the first instance, data collection will 

begin with an assessment of the intensity of muscular pain in the lower limbs, using a 

digital VAS. Indeed, the subject will be asked to self-assess the pain intensity on a touch 
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screen (Appendice B), by moving the mobile cursor along a horizontal line bounded by 

a left end ("No pain") and a right end ("Maximum imaginable pain"). Muscle strength 

and power will be assessed using the "MyotestPRO®" measuring device, which will 

analyse the data generated during a vertical jump (CMJ). Thus, the assessor 

physiotherapist will be in charge of setting up the device by entering the user's details 

into the control box (Name, Height, Weight, Age) and selecting the desired program 

(CMJ). The assessor will also ensure that the device is correctly installed on the 

participant and will give the necessary instructions for the correct execution of the test 

(Annex J). A summary of this evaluation protocol is presented in tabular form 

(Appendix N) 

9. Data processing plan 

Following the various assessments, the data collected will be listed and classified in 

an Excel® table. Means, variances and standard deviations will be calculated for each 

sample. In order to determine which statistical test should be used for this study, the 

normality of the distribution must be verified using the Sharipo-Wilk test. If the sample 

follows a normal (Gaussian) distribution, it will be possible to generalise to a population 

(Royston, 1982). Furthermore, it is essential to use the parametric test according to the 

characteristics of the project. The study consists of two unpaired groups whose protocol 

provides for the collection of data at two well-defined times T (before and after the 

recovery protocol). Thus, the statistical analysis adapted for this experiment is the 

ANalysis Of VAriance (ANOVA) with repeated measures to check that the distribution 

of the groups is comparable and to eliminate inter-individual variability (McHugh, 

2011). Post-hoc analysis using the Tukey test is used to calculate the p-value for each 

group in order to determine whether or not the difference between the groups is 

significant (McHugh, 2011). The risk of error  being set at 5%: if the p-value > 5% 

then the null hypothesis will be accepted and the alternative hypotheses will be rejected. 

Conversely, if the p-value < 5%, we will accept one of the alternative hypotheses and 

will reject the null hypothesis. Finally, the data collected will be presented in the form 

of a histogram to provide the reader with an intelligible transcription of the results. 
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CRITICAL REFLECTIONS AND CONCLUSION 

The purpose of this chapter is to provide a critical reflection on the implementation 

of the study project. The scientific literature cited in this section has already been 

mentioned and does not provide the reader with any additional information. 

Firstly, the analysis of the literature developed in the "Introduction" and in the 

"Theoretical framework" proves that sports recovery is a subject widely studied by 

scientists and which reveals numerous therapeutic options (Nédelec et al., 2013). 

However, the lack of evidence regarding the effectiveness of certain techniques (Dupuy 

et al., 2018), the large variety of existing protocols (Bezuglov et al., 2021), as well as 

the controversial results on the emergence of recent therapeutic methods that are poorly 

described in the literature (Forsey et al., 2023; Ghigiarelli et al., 2020), justify the 

potential difficulty for therapists to position themselves on an effective recovery 

strategy. On the basis of these data, the choice of a study focusing on whole-body 

PBMT seemed coherent in view of the limitations raised by the current scientific 

literature. As a reminder, despite the sometimes mixed results (Forsey et al., 2023; 

Zagatto et al., 2020), the therapeutic action of PBM could have a greater effect on post-

exercise recovery when it involves the whole-body (Ghigiarelli et al., 2020). In 

quantitative terms, scientists are unanimous. They point out that there are too few 

studies on whole-body PBMT and suggest that more research is needed to understand 

its impact on the athlete's physiological recovery. Therefore, the study project responds 

to the need of the current scientific literature and contributes to the democratisation of 

whole-body PBMT in terms of post-exercise recovery. 

To this end, the prospective experimental study will be quantitative, controlled and 

randomised to test pre-formulated hypotheses with the highest level of scientific 

evidence. Cluster randomisation will reduce logistical requirements, facilitate 

coordination of protocols and, above all, obtain a representative sample of the 

population to avoid selection bias. Comparison with a control group will limit confusion 

bias. In addition, the clinical trial will be multicentric and set up in the two French 

football clubs selected for the experiment. This option is the most realistic to allow a 
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sufficient selection of the necessary number of subjects, taking into account the average 

number of players in a club (around 25 players) and anticipating on the participation 

criteria that could exclude some subjects. In addition, it will increase the statistical 

power of the study and allow the population to be recruited more quickly (reduction in 

time-effect bias). Finally, the involvement of several centres will give a better 

representation of current clinical practice, which could improve the external validity of 

the results. With regard to the assessment of the various evaluation criteria, this will be 

carried out in a blinded process by independent assessors who will be unaware of the 

groups' distribution. This approach has the advantage of making the evaluator impartial 

in order to avoid data acquisition bias.  

However, the multicentric nature and the blind evaluation could also be a source of 

bias: the study will take place in two different cities, which will require three principal 

investigators (to facilitate protocols management) and one assessor physiotherapist in 

each of the selected cities. In this way, the intervention protocols could differ from one 

club to another according to the practitioners present on site, which could represent a 

study bias linked to inter-individual variability. Nevertheless, this risk seems to be 

negligible in view of the precautions taken in this respect (described later). Furthermore, 

in order to facilitate the logistics and the design of the study, a third group (placebo 

group) will not be added to the project, which could represent a confusion bias. If the 

experimental protocol proves to be effective, it would be appropriate for subsequent 

studies to verify this parameter in order to avoid the potential placebo effect.  

As regards the population studied, the overall number of subjects required is 

relatively small, and therefore the study will have low statistical power. Nevertheless, 

the calculation takes into account the MCID of the main assessment criterion in order to 

obtain reliable and clinically significant results. The multicentric nature of the study 

should make it easy to obtain the necessary number of subjects. If less than two clubs 

are interested by the project, it will be necessary to adapt by including lower level clubs. 

In addition, to avoid a bias in the selection of 'lost players', it has been planned to 

increase the number of subjects required by 10%, giving a total of 36 players to include 

in the project. Subjects will initially be selected on the basis of participation criteria. 
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The control of these different criteria (inclusion/exclusion) will avoid the appearance of 

recruitment bias.  

Regarding the intervention protocol, it will begin with a common intensive training 

session, standardised with a playful and reproducible conception by all the football 

clubs. Moreover, it will be built according to a progressive physical intensity by 

including a warm-up program ("11+") scientifically validated by the highest authority of 

world football (FIFA). The study will continue with the implementation of the 

respective recovery protocols (Control / Experimental). Standardised, reproducible and 

following scientific guidelines, the investigators will be able to follow a precise and 

detailed description of these protocols in order to limit follow-up bias. In addition, as 

the treatment time is identical for the control and experimental groups (30 minutes per 

player), the study will be free from dose-effect bias. With regard to the evaluation 

protocol, the exact time of final data collection will be carried out in accordance with 

scientific data (48 hours after training), by an evaluator who differs from one club to 

another, but using identical collection instruments.  

Thus, with a view to improve the recovery of amateur players thanks to an accessible 

protocol for as many clubs as possible, the choice of equipment and assessment tools 

was made according to some characteristics: Reliability, Reproducibility, 

Accessibility, Simplified Implementation. Indeed, as the equipment needed to carry 

out the massotherapy and CWT protocols is relatively basic, it seems unlikely that 

companies will not be able to supply this kind of equipment. Similarly for the Whole-

body PBMT device (BioLedTherapy® light panels); Its transportable, removable and 

relatively inexpensive properties (compared with a Whole-body PBMT cabin) give it a 

better representation in terms of reproducibility for routine practice. This ease of access 

will enable the set-up of 4 units of this type in order to optimise the protocol 

management and carry out the different steps of the experimental treatment without 

interruption, thus standardising the protocol for all players. The choice of this 

equipment ensures the reliability of the treatment and reinforces the external 

consistency of the study.  
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The same consideration was applied to the choice of assessment tools. The digital 

VAS will provide a simple and reliable measurement with rapid acquisition of values 

(Delgado et al., 2018). However, the subjective nature of the assessment depends on the 

subjects' relationship with their pain, which could cause difficulties in the 

reproducibility of the studies. With regard to the MyotestPRO® measuring device, it 

has the advantage of being scientifically reliable (Castagna et al., 2012; Choukou et al., 

2014) and its implementation is simplified since measurements can be made directly in 

the field. This option seems to be suitable for the study project targeting a population of 

amateur players. In fact, another technique exists, such as the isokinetic dynamometer, 

which is more accurate in terms of measurement, but would be less simple to set up. Its 

use would not be consistent with the concept of the study (high cost, limited 

accessibility, reduced ease of acquisition, etc.). Finally, if the MyotestPRO® is not 

available, another reliable assessment tool of the same calibre, such as the "force 

platform", could be used to collect data.  

Thus, the standardisation of the intervention protocols, the appointment of 

investigators from outside the structure, and the prior training on the equipment and 

data collection tools (identical for both groups) will make it possible to limit the centre-

effect bias while increasing the internal validity of the study. However, despite the 

planning designed to limit unavailability (weekends, late hours) as well as the 

standardisation of sleep, hydration and rest outside the study to reduce bias linked to the 

subjects' environment, certain factors related to the participants' profession will not be 

controllable. As a reminder, the majority of amateur players have a professional activity 

outside football, which is more or less intense and time-consuming according to their 

job. This variability between subjects could constitute a confusion bias. 

Following data processing, the analysis of the results will be used to validate the null 

hypothesis (H0) or the alternative hypothesis (H1).  

If the null hypothesis (H0) is validated, it will be concluded that the experimental 

recovery protocol does not show a significant difference compared to the conventional 

recovery protocol on post-exertion pain intensity, maximal muscle strength and power 
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of the lower limb in amateur footballers affected by EIMD. The validation of this 

hypothesis would be in line with a randomised crossover study showing a lack of 

significant results from whole-body PBMT in the reduction of certain inflammatory 

markers (Ghigiarelli et al., 2020). In this case, it is possible that the EIMD creation 

protocol is not sufficiently effective in its function and causes a lack of significance of 

the recovery protocol on the parameters studied. Furthermore, it is possible that the 

frequency of application is insufficient and requires an increase in the number of 

sessions. Finally, it is possible that the irradiation dose for whole-body PBM therapy is 

not optimal and does not allow effective biostimulation. If these options were to be 

confirmed, the study project would have to be continued by modifying certain 

parameters (increase in the intensity of the training protocol, in the frequency of the 

therapeutic sessions and/or in the the dose of light irradiation). 

If the alternative hypothesis (H1) is validated, it will be concluded that the 

experimental recovery protocol shows a significant difference compared to the 

conventional recovery protocol on post-exertion pain intensity and/or maximal muscle 

strength and/or power of the lower limb in amateur footballers affected by EIMD. In the 

case of a significant decrease in the results, the "biphasic dose-response” model 

(characteristic of PBMT) could be the cause of the negative or inhibitory effects on the 

post-exertional recovery of the variables measured. It would be appropriate to readjust 

the protocol by reducing the dose of light irradiation in order to obtain optimal 

biostimulation. Conversely, in the event of an improvement in the measured parameters, 

this experimental therapy could be considered as an Evidence Based Practise (EPB) 

recovery strategy and would demonstrate the relevant results of whole-body PBMT in 

this field, providing a positive response to scientists (Forsey et al., 2023; Ghigiarelli et 

al., 2020; Zagatto et al., 2020). In addition, these results would respond to a recent 

meta-analysis (Dupuy et al., 2018) that questions the potential synergistic effects of a 

protocol combining several recovery techniques. It would then be interesting to study 

this protocol on other key performance factors (endurance, speed, fatigue) specific to 

football, but also in other different sports or in populations of professional athletes.  
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Finally, all the Annexes / Appendices presented in this work have been written in 

English to facilitate the understanding of the reviewer. However, as the study is aimed 

at a French population, it will be planned to send a French version of these documents 

to the organisations and subjects involved in the study. 

In conclusion, the study project contributes to the democratisation of whole-body 

PBMT and would enable to determine the significant interest of its use in the post-

exertional recovery of 'elite' amateur footballers. If the statistical analysis of the results 

proves the effectiveness of this experimental protocol, the study project would facilitate 

the decision of amateur clubs to invest in this type of equipment and would provide a 

complementary therapeutic option for sports physiotherapists. In fact, the simplicity of 

implementation, its accessibility and its reproducibility are advantages that would allow 

a large number of clubs (even the most modest) to incorporate this efficient recovery 

protocol, based on the Evidence Based Practice (EBP) model, into a team's post-

exercise routine. In order to broaden the study's scope towards new perspectives, it 

would be relevant to compare the results obtained with an experiment carried out on a 

different sporting population, in which the muscular load would be more concentrated 

on the upper limb. In addition, a prospective study conducted over a complete season (at 

minimum) would also be interesting and would allow to analyse the potential 

prophylactic effects of this experimental protocol on the prevention of other muscular 

pathologies such as myoaponeurotic damage, or the onset of tendinopathy. 
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APPENDICE C. Summary of study hypotheses 

 

Legend: 

 (No significant difference) / + (Significant increase) / - (Significant decrease) /           

H0 (Null Hypothesis) / H1 (Alternative Hypotheses) 
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APPENDICE E. Address book of organisations potentially 

involved in the study. 

 Company name Company 

headquarters 

Contacts Logo 

Organisation responsible for the « National 2 » Championship 

1 

 

Fédération 

Française de 

Football 

87, Boulevard de 

Grenelle, 75738 

Paris Cedex 15 – 

France 

 

Web site: www.fff.fr 

Phone: 01 44 31 73 00 

Fax : 01 44 31 73 73 

 

« BioLedTherapy® » partner centres (non-exhaustive list) 

2 

 

Bio Led Therapy 

40 place du 

Théâtre 

Palais de la 

Bourse 59800 Lille 

 

Phone : +33 (0)3 62 02 82 20 

Mail : contact@bioledtherapy.com 

 

3 

 

 

Sanamente Paris 

 

83 rue cambronne 

75015 Paris 

 

 

Web site: sanamenteparis.com 

Phone: +33 7 82 33 03 10 

Mail: bonjour@sanamenteparis.com 

 

 

 4 

 

Sanamente Rennes 

 

7 rue de Toulouse 

35000 Rennes 

 

 

Web : sanamente.fr 

Phone : 0618871176 

5 

 

 

Maison Synèse 

 

4 allée du 

Parmelan, 

74370 Epagny 

Metz-Tessy 

 

 

Web site: www.maison-synese.com/ 

Phone : +33 6 42 59 20 03 

Mail : contact@maison-synese.com 

 

6 

 

Luminecla 

 

12B rue du quai 

59800 Lille 

 

 

Web site: luminecla.fr 

Phone : 03 66 76 98 96 

Mail : contact@luminecla.fr 

 

 

7 

 

Hotel Grandes 

Rousses 

 

425, route du 

Signal 38750 Alpe 

d’Huez 

 

 

Web:www.hotelgrandesrousses.com/fr/ 

Phone : +33 (0)4 76 80 33 11 

Mail :contact@hotelgrandesrousses.com 
 

8 

 

PBM Bien-être 

 

Impasse du Moulin 

80700 Roye 

 

Web site: pbmbienetre.com 

Phone: 07 49 36 86 73 

Mail: contact@pbmbienetre.com 

 

Designer of the "MyotestPRO®" measuring device 

9 

 

Myotest SA 
Rue de la 

Blancherie 61 

1950 Sion 

Switzerland 

 

Phone : 027 456 18 20 

Fax : 027 456 18 22 

Mail : info@myotest.com 

 

http://www.fff.fr/
https://sanamenteparis.com/
tel:+33%207%2082%2033%2003%2010‬
mailto:bonjour@sanamenteparis.com
https://sanamente.fr/
tel:0618871176
http://www.maison-synese.com/
tel:+33%206%2042%2059%2020%2003
mailto:contact@maison-synese.com
https://luminecla.fr/
tel:03%2066%2076%2098%2096
mailto:contact@luminecla.fr
http://www.hotelgrandesrousses.com/fr/
tel:+33%20(0)4%2076%2080%2033%2011
mailto:contact@hotelgrandesrousses.com
https://pbmbienetre.com/
tel:07%2049%2036%2086%2073
mailto:contact@pbmbienetre.com
tel:+41274561820
https://www.local.ch/fr/d/sion/1950/myotest-sa-59Qg-zBJGKEsqGjQclSqAg#fax
mailto:info@myotest.com


Interest of a whole-body photobiomodulation therapy associated with a conventional recovery protocol 

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in 

elite amateur footballer – Degree in Physiotherapy. 

 

 
Page V 

Enzo BRANDO - June 2024 - Escola Superior de Saúde Atlântica 

APPENDICE F. Partnership promotional poster for medical 

equipment rental. 
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APPENDICE G. List of equipment required for recovery protocols. 

Equipment Model / Justification 

Massage tables (=8) 

2 tables for the CTRL group. 

6 tables for the EXP group. 

No specific brand will be required, but they must allow players to 

adopt a comfortable position (reclining backrest) and be easily 

transportable by investigators (folding). 

Massage creams (=2) 

 

1 cream per group. 

In order to avoid any bias linked to the presence of active 

substances that could interact physiologically, the study will 

finance a neutral massage cream ("Eona Dermoneutre®" for 

example). The main objective is to facilitate the therapist's manual 

gliding over the player's skin. 

Cold Water Bath (=2) 

 

1 bath per group. 

 

 

https://www.cryocontrol.fr/gamme-bain-froid-nomade/  

This is a mobile immersion cryotherapy unit (inflatable structure) 

of the "Cryocontrol®" brand. It's easy to use and requires very little 

space (D160cm / H70cm). Thanks to its motorised hydraulic 

system, the water can be cooled to between 8 and 12°C, 

maintaining the optimum temperature for use. Its two-person 

capacity allows athletes to recover quickly and easily and can be 

used collectively during competitions or pre-season training. 

Hot Water Bath (=2) 

 

 

1 bath par group. 

No particular model of "spa" will be recommended, but the 

dimensions of the Inflatable structure should be similar to those of 

the cold water pool and therefore have the same capacity (two 

persons). It should also be able to heat the water and maintain a 

constant temperature of at least 38°C. Financed by the study and 

currently very popular on the market, it doesn't seem difficult to 

find a suitable model. 

Water Thermometer (=4) / Solar power 

meter (=1) 

2 thermometers per group. 

1 Solar power meter for the EXP 
group. 

As a precautionary measure, and to avoid bias due to variations in 

bath temperature or light irradiation, the study will also finance 4 

standard water thermometers and 1 solar power meter to monitor 

these parameters regularly during the intervention protocol. 

https://www.cryocontrol.fr/gamme-bain-froid-nomade/
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Whole-body PBMT devices (=4) 

(For the EXP group only) 

 
https://bioledtherapy.com/photobiomodulation/appareils-de-

photomodulation/pbm-1200/ 
 

The model selected ("PBM 1200 LEDs"), manufactured by 

BioLedTherapy®, will provide whole-body exposure thanks to a 

light panel measuring 1.65 metres long and 55 cm width. It is 

composed of 600 red LEDs at 660 nm and 600 near-infrared LEDs 

at 850 nm, giving a total of 1,200 high-quality LEDs with an 

irradiation capacity (described later) in line with scientific 

recommendations.  

Its mobile stand allows it to be used in a horizontal (or vertical) 

position at a height of between 1 m and 1.50 m. 

The removable nature of this model (compared to a PBMT cabin) 

makes it easier to recruit and install the device. It makes the project 

more achievable and offers an application that can be reproduced 

by all clubs in current practice. 

However, if difficulties persist to recruit this device, other models 

of the same type are commercially available and could be selected 

for the experiment. 

https://bioledtherapy.com/photobiomodulation/appareils-de-photomodulation/pbm-1200/
https://bioledtherapy.com/photobiomodulation/appareils-de-photomodulation/pbm-1200/
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APPENDICE H. Free and informed consent form. 

 

I, the undersigned .................................., declare that I freely and knowingly agree to participate as a subject in 

the study entitled:  

 « Interest of a Whole-body photobiomodulation therapy associated with a conventional recovery protocol      

compared to a conventional recovery protocol alone on post-exertion pain and muscle performance in                      

elite amateur footballer». 

Principal investigator: BRANDO Enzo (Phone: 06.X.X.X.X) 

Aim of the study: The general aim of the study is to compare the effect of whole-body photobiomodulation combined 

with a conventional recovery protocol compared to a conventional recovery protocol alone on post-exercise recovery 

in elite amateur footballers affected by Exercise-Induced Muscle Dammage.

Participant commitment: The study consists of a common intensive training session for all participants to induce 

soreness. This will be followed by a specific recovery protocol, which will vary according to the allocation of clubs 

(Massotherapy + Contrast Water Therapy or Massotherapy + Contrast Water Therapy + whole body PBM).                    

An assessment of pain, strength and muscle power is carried out before and after the intervention protocol. 

The participant declares that he meets the eligibility criteria (set by the principal investigator) and agrees to comply 

with them throughout the study. The participant also agrees to follow some additional guidelines related to the 

intervention protocol in order to limit study bias: During the 4 days of the trial:  

1) Maintain as much relative rest as possible, apart from study-related interventions.   

2) Keep properly hydrated with at least 2 liters of water per day. 

3) Try to get a full night's sleep (ideally 8 hours). 

Commitment of the Principal Investigator: The principal investigator commits to conduct this research in 

accordance with ethical and deontological principles, to protect the physical, psychological and social integrity of 

individuals throughout the research, and to ensure the confidentiality of the information collected. He also commits 

himself to provide participants with all the necessary support to mitigate any negative effects that may result from their 

participation in this research. 

Freedom of the participant: Consent to continue the research may be withdrawn at any time without giving a reason 

and without any liability or consequence. Answers to the questions are voluntary and failure to answer will have no 

consequences for the subject. 

Participant information: The participant will have the opportunity to obtain additional information about this study 

from the principal investigator, within the constraints of the research plan. 

Confidentiality of information: All information about participants will be kept anonymous and confidential. Data 

processing is not nominative and is therefore not covered by the Data Protection Act (right of access and rectification 

not allowed). As this research is purely psychological in nature, it is not covered by the Huriet-Sérusclat law on the 

protection of individuals in biomedical research. The transmission of information about the participant for expert 

appraisal or scientific publication will also be anonymous. 

Deontology and ethics: The promoter and the principal investigator undertake to maintain absolute confidentiality 

and professional secrecy with regard to all information concerning the participant (Title I, Articles 1, 3, 5 and 6 and 

Title II, Articles 3, 9 and 20 of the French Code of Ethics of Psychologists). 

Made in……….   On ………  Signatures:         The participant                    The Principal Investigator 

Free and Informed Consent Form 
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APPENDICE I. Description of the EIMD generator training. 

EIMD training protocol (Club A & Club B) 

Step 1                  
( 20 min) 

 « 11+ »      

Warm-up 

Program 

It is divided into 3 parts: (Annex K) 

Part 1 (8 min) → Running exercices. 

Part 2 (10 min) → Strenght, Plyometric and balance exercices (« Level 3 »). 

Part 3 (2 min) → Running exercices (High intensity). 

 

 

 

 

 

Step 2                    
( 30 min) 

 

Physical exercise 

with ball 

 

« Circuit passe et 

suit » 

→ The exercise will be set up identically on 

both halves of the pitch (see opposite). For 

this step, the 18 players will be randomly 

divided by the investigators into two groups 

of 9 players each. 

From a quantitative point of view, it will be 

planned for each player to complete 8 full 

laps of the circuit, organised as follows: 4 full 

laps of the circuit → 2 minutes of passive 

recovery  → 4 full laps of the circuit. 

It seems relevant to set a number of laps per 

player beforehand. This will standardise the 

physical effort, making the number of passes, 

runs and shots made by each of the 18 

participants identical. 

 

Circuit instructions and description: 

→ From the "start" position (cone no. 1), the player must pass the ball to the player at the next cone.         

He then goes to the cone no. 2 to take the place of the player who received the ball.  The player at cone 

no. 2 then passes the ball to the next player and goes to the cone no. 3. This simple concept is repeated 

until the 7th cone. 

The player at cone no. 7 receives the ball and runs 15 metres with the ball at his feet. He then goes 

around the outside of cone no. 8 and passes the ball to the player on the cone no. 9. The player on the last 

marker controls the ball and then takes a shot (about 18 metres from the goal) at one of the two targets 

fixed in the goal. He then returns with the ball to the "start" position. 

➔ To define a complete lap, each player must reach the cone which he initially occupied. 

➔ When the movement of the ball completes a full lap of the circuit, the second player at the 

"start" position can begin the next lap. 

➔ The ball must be passed with the inside of the foot, and the shoot at goal must be made 

using the dorsal side of the foot. 

➔ The runs from one cone to the next should be done with a high level of intensity. It will be 

explained to the players that the aim is not to "sprint" but to run at a steady pace. 
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Step 3                   
( 30 min) 

 

Physical exercice 

without ball 

 

Muscle-

strengthening 

phase               

(Lower limb) 

+ 

Running workout 

 

 

 

 

→ Positioned in-line at the edge of the pitch, a distance of 2 metres will separate the players to ensure 

that they can easily perform the following 4 muscle-strengthening exercises according to a precise 

qualitative and quantitative description: (Appendix J) 

• « Squat » (Exercice 1)  

• « Deadlift » (Exercice 2)  

• « Jumping Lunges » (Exercice 3)  

•  « Burpees » (Exercice 4)      

 

Thus, exercises 1 to 4 will be 

performed successively for 5 sets of 

10 repetitions each. 

A passive recovery period of 3 

minutes will be allowed between 

each exercise. 

 

 

→ At the end of each set, the player will continue directly in front of him on a running workshop with 

change of supports (see above). This speed exercise will be performed with a maximal running intensity.  

Then, the subject will be allowed to walk back to their initial position, where they will have 30 seconds 

to recover before starting a new series of muscle-strengthening exercises. Therefore, each of player will 

perform the running exercise 20 times. 

 

Step 4                     
( 20 min) 

 

« Match with 

themes » 

9 vs 9 

 

→ For the final stage of the protocol, a confrontation between two teams of 9 players will take place on 

half a field. Without any influence on the study, the division of the 18 players into two teams will be 

carried out according to a random choice by the investigators (different coloured chasubles will be 

distributed). 

 

The exercise will take place as follows: 

 

• Phase 1:  During this first phase, the aim will be to keep possession of the ball by passing it 

around without the opposing team intercepting the passes.  A point will be scored when the 

team manages to pass the ball to all its players, without any interceptions by the opposing 

players (Playing time →  10 minutes). 

 

• Passive recovery : (3 minutes). 

 

• Phase 2: In this second phase, the players will be authorised to score a point by blocking the 

ball with their foot on the line that defines the width of the opponent's court. In order to score a 

point, all players of the team should be involved by passing the ball without being intercepted 

by the opponent. (Playing time  →10 minutes). 

 

18 Players – 3 Investigator physiotherapists –Total estimated time: 1 hour 40 minutes 
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APPENDICE J. Description of the muscle-strengthening phase of 

the training protocol (Step 3) 
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APPENDICE K. Summary of conventional recovery protocol. 

Conventional recovery protocol (Club A → 30 minutes per player)  

Part 1 

Massotherapy       
Lower Limb 

 

Total duration : 15 minutes  
(Bezuglov et al., 2021 ; Poppendieck et 
al., 2016) 

Techniques :  

Effleurage –Deep gliding 

pressure – Kneading (Poppendieck 

et al., 2016) 

Massage cream : Neutral 

Step 1 : Supine position  (7 min 30 sec – Quadriceps)  

→  3 min 45 on the left lower limb +  3 min 45 on the right lower limb. 

→ Disto-proximal movements on the anterior thigh. 

Position 

The patient is positioned supine 

with the backrest inclined to 

allow him to find a comfortable 

position. 

A table cushion is placed at the 

level of the popliteal fossa to 

relieve the joints and obtain an 

optimal drainage position. 

A member's description of the process 

 Effleurage with both hands 

 

30 seconds  

Alternation of deep sliding pressure 

/ kneading 2 min 45 sec 

Effleurage with both hands 30 seconds 

Step 2 : Prone position (7 min 30 sec – Triceps Surae & Hamstrings) 

→ 3 min 45 on the left lower limb +  3 min 45 on the right lower limb. 

→ Disto-proximal movements from the distal end of the Triceps Surae to the proximal end of the 

Hamstring. 

Position 

The player is positioned in a 

prone position. A table cushion is 

placed under the ankles to relieve 

the joints and put the limbs in an 

optimal drainage position. 

A member's description of the process 

Effleurage with both hands 30 seconds 

Alternation of deep sliding pressure 

/ Kneading 
2 min 45 sec 

Effleurage with both hands 30 seconds 

Part 2 

CWT          

 

Total duration : 15 minutes 
(Higgins et al, 2017) 

Water baths temperature:  

Cold Water (10° C) – Hot Water 

(38°C) (Higgins et al, 2017) 

Immersion position 

The capacity of the baths will allow the subjects to adopt a comfortable position. The players in 

underwear are seated, immersed up to the umbilicus, with the knees unlocked (flexion ~ 10°) and 

the hips slightly flexed.  

This position is maintained with the elbows resting on the edge of the structure. Compression of 

the various venous trunks of the lower limb (due to incorrect positioning) can thus be avoided. 

Chronology of the subject's 

immersion 

 

Players will complete successive transitions 

by an immersion in cold water         

(Cochrane, 2004). 

 

Procedure : Two physiotherapists will be in charge of the massage therapy while a third investigator will supervise the CWT (during 

the protocol, the positions will be rotated between the physiotherapists). The first two players will start with the massage therapy          

(1:1 ratio with the investigator), and will then be immersed in the same bath during successive CWT immersions. As soon as the 

massage tables are available, two other players will be able to move in and begin the protocol. This will optimise the total duration of 

the conventional recovery protocol and, above all, avoid players having to wait between the two therapies to which they will be 

subjected.                                                                                                                              Total estimated duration : 2 hours 30 minutes  
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APPENDICE  L. Summary of experimental recovery protocol. 

Experimental recovery protocol (Club B → 30 minutes per player)  

Part 1 

Massotherapy       
Lower limb 

 

Total duration: 9 minutes  
(Poppendieck et al., 2016) 

Techniques:  

Effleurage –Deep gliding 

pressure – Kneading 

(Poppendieck et al., 2016) 

Massage cream : Neutral 

Step 1 : Supine position  (4 min 30 sec – Quadriceps)  

→  2 min 15 on the left lower limb  +  2 min 15 on the right lower limb. 

→ Disto-proximal movements on the anterior thigh. 

Position 

The patient is positioned 

supine with the backrest inclined 

to allow him to find a comfortable 

position.  

A table cushion is placed at 

the level of the popliteal fossa to 

relieve the joints and obtain an 

optimal drainage position. 

A member's description of the process 

Effleurage with both hands 

 

15 seconds  

Alternation of deep sliding pressure 

/ kneading 
1 min 45 sec 

Effleurage with both hands 15 secondes  

Step 2 : Prone position  (4 min 30 sec – Triceps Surae & Hamstrings) 

→ 2 min 15  on the left lower limb  +  2 min 15 on the right lower limb. 

→  Disto-proximal movements from the distal end of the Triceps Surae to the proximal end of 

the Hamstring. 

Position 

The player is positioned in a 

prone position. A table cushion is 

placed under the ankles to relieve 

the joints and put the limbs in an 

optimal drainage position. 

A member's description of the process 

Effleurage with both hands 15 seconds 

Alternation of deep sliding pressure 

/ kneading 
1 min 45 sec 

Effleurage with both hands 15 seconds 

Part 2 

CWT          

  

Total duration : 6 minutes 
(Versey et al., 2012) 

 

Water baths temperature:  

Cold Water (10° C) – Hot 

Water (38°C)  

(Higgins et al, 2017) 

Immersion position 

The capacity of the baths will allow the subjects to adopt a comfortable position. The players in 

underwear are seated, immersed up to the umbilicus, with the knees unlocked (flexion ~ 10°) and 

the hips slightly flexed.  

This position is maintained with the elbows resting on the edge of the structure. Compression of 

the various venous trunks of the lower limb (due to incorrect positioning) can thus be avoided. 

Chronology  of the subject's immersion  

 

In this way, the immersion 

times in hot and cold 

water will be identical 

(Higgins et al, 2017) and 

players will complete 

successive transitions by 

an immersion in cold 

water (Cochrane, 2004). 
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Part 3         

Whole-body PBM 

Therapy 

« PBM 1200 LEDs » model 

 

 

 

 

 

Total duration : 15 minutes 

 

 

 

 

 

 

Checking the irradiance of the device. 

Chronology of irradiation 

Step 1 : Anterior irradiation 

6 minutes  

Step 2 : Posterior irradiation 

9 minutes 

Position of the subject 

The subject will be positioned in underwear 

under the whole-body PBMT device to allow 

full-body exposure. 

 

The subject will first adopt a comfortable 

supine position (on a massage table) with a 

cushion positioned under the popliteal fossa for 

anterior irradiation. After 6 minutes of 

treatment, he will move to a prone position and 

will place the cushion under the ankles to allow 

posterior irradiation for 9 minutes. 

 

Precautions 

• Protective glasses will be issued and must 

be worn by players. 

• All jewellery will be removed 

 

• The investigator will observe the condition 

of the skin before the start of the treatment 

to check that there are no wounds or injuries 

that could have been caused by the intensive 

training. 

• The investigator will be asked to monitor 

the subject's sensations regularly throughout 

the treatment. 

Device irradiation parameters 

Based on scientific guidelines for sports practice  (Leal-Junior et al., 2019) 

Light source : 1200 LEDs (600 Red / 600 Near Infrared) – Athermic. 

Wavelengths : 660 nm / 850 nm in simultaneous association. 

Mode : Continuous.   

LED power : 5 Watts (W) 

Irradiance of the device : 135 mW/cm² at 13 cm (100 mW/cm² at 15 cm)  

The initial irradiance has been increased by reducing the distance between the light source and 

the skin (law of the inverse square of the distance) to optimise total exposure time. 

Irradiation time: : 15 minutes (6 minutes + 9 minutes)  

The anterior and posterior irradiation times have been calculated according to the dose we wish 

to deliver to the different muscle groups of the lower limb (Appendix M)  

→ Quadriceps (60 Joules) / Hamstrings (60 Joules) / Triceps Surae (45 Joules). 

Localisation : Whole-body.   

Irradiation technique : Stationary / At a distance of 13 cm from the skin (the distance between 

the light source and the skin can be adjusted using the device's removable support). 

Procedure :  

Two physiotherapists will be in charge of the massage therapy, while a third investigator will supervise the CWT and the whole-body 

PBMT (during the protocol a rotation between the physiotherapists can be envisaged). All resources (human and material) will allow 

the players to be treated in pairs without interruption (2 tables for therapeutic massages and 4 tables for PBM therapy). 

The first two players will start with massage therapy (1:1 ratio with the investigator), then, they will be immersed in the same pool 

during the successive CWT immersions, and finally they will individually position themselves on one of the tables placed under the 

PBMT device. 

When the two tables reserved for massages become available, the next two players will be able to install themselves and begin the 

protocol. This arrangement optimises the overall duration of the experimental recovery protocol and, above all, avoids players having 

to wait between the three therapies to which they will be subjected.                                         Total estimated time: 1 hour 40 minutes                              
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APPENDICE M. Calculation details of Whole-body PBMT duration. 

Duration calculation 

To deliver a dose equivalent to 60 Joules to the Quadriceps and Hamstrings and a dose equivalent to 

45 Joules to the Triceps Surae with an initial irradiance of 135 mW/cm², the theoretical exposure 

time required for each muscle group must be calculated using the following physics formula:  

Time (s) = 
𝑬𝒏𝒆𝒓𝒈𝒚 (𝑱)

𝑰𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆 (𝑾 𝒄𝒎²Τ )× 𝑺𝒖𝒓𝒇𝒂𝒄𝒆 𝒂𝒆𝒓𝒂 (𝒄𝒎𝟐)
 

1. Quadriceps: (Estimated average surface area = 1200 cm² for both legs) 

Time (s) =  
60 𝐽

0.135 𝑊 𝑐𝑚2Τ × 1200 𝑐𝑚²
  ≈ 370.37 s ≈ 6 minutes  

→ Whole-body anterior irradiation for 6 minutes would therefore deliver a dose of 60 joules to the 

quadriceps. 

2. Hamstring: (Estimated average surface area = 800 cm² for both legs) 

Time (s) =  
60 𝐽

0.135 𝑊 𝑐𝑚2Τ × 800 𝑐𝑚²
  ≈ 555.56 s ≈ 9 minutes  

3. Triceps Surae: (Estimated average surface area = 600 cm² for both legs). 

Time (s) =  
45 𝐽

0.135 𝑊 𝑐𝑚2Τ × 600 𝑐𝑚²
  ≈ 555,56 s ≈ 9 minutes  

→ Whole-body posterior irradiation for 9 minutes would therefore deliver a dose of 60 joules to 

the hamstrings and 45 joules to the triceps surae. 

 

Fluence  

Fluence (J/cm²) is defined as the total light energy delivered per unit area.   

Fluence (J/cm2) = Irradiance (W/cm2) × Time (s) 

Step 1: (Anterior irradiation)  

Fluence (J/cm2) = 0.135 (W/cm2) × 370.70 (s) ≈ 50 J/ cm²  

Step 2: (Posterior irradiation) 

Fluence (J/cm2) = 0.135 (W/cm2) × 555,56 (s) ≈ 75 J/cm² 
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APPENDICE N. Summary of assessment protocol. 

Assessment protocol (Club A & Club B) 

 

Step 1 

 

Evaluation of 

muscle pain 

intensity 

Digital VAS 

 

 

 

 

 

« EVA - Échelle Visuelle Analogiqu » 

application installed on smartphone. 

 

• Self-assessment by the subject of muscle pain 

intensity in the lower limbs. 

 

• Move the mobile cursor along a limited 

horizontal line across the touch screen. 

 

• Left end (« No pain ») - Right end (« Maximum 

pain imaginable »). 

 

• The result value is displayed directly on the 

smartphone screen. 

 

 

 

 

 

 

Step 2 

 

Evaluation of 

maximal 

muscular 

strength and 

power 

« MyotestPRO® » accelerometer 

 

 

 

Assessment of the muscle performance of the lower limbs generated during a vertical jump: 

Countermovement Jump (CMJ)  

Test modalities 

The subject's equipment, the 

installation of the material as well as 

the directives for optimal execution 

of the jump will be specified in 

order to standardise the evaluation 

and to limit errors in the recording 

of the apparatus. 

(Annex L). 

Warm-up phase (before the test) 

It follows the manufacturer's recommendations: 

• Low intensity jogging for 10 minutes (120 bpm). 

• 2 x 5 repetitions of CMJ at low intensity. 

• 2 x 5 repetitions of CMJ at medium intensity 

• 2 x 3 repetitions of CMJ at high intensity. 

 

A one-minute recovery period will be respected between each 

set and a three-minute recovery period will be respected at the 

end of the warm-up before the test. 
https://www.yumpu.com/en/document/read/33627579/quick-start-guide-en-myotest 

Test execution and data collection 

→ 5 repetitions of CMJ seeking the maximal height of the jump (Annex L). 

At the end of the test, the results will be automatically displayed on the 

device's screen. The execution speed of the movement (cm/s), the height of the 

jump (cm) as well as the muscle strength (N/Kg) and power (W/Kg) 

developed during the CMJ will be notified. The results displayed on the screen have been calculated by 

averaging the three best CMJ repetitions performed by the subject (the height of the jump being the 

reference parameter of the device). 

Initial collection (Day 1) - Final collection (Day 4) / Performed in a blinded process by independent assessors. 

https://www.yumpu.com/en/document/read/33627579/quick-start-guide-en-myotest
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ANNEXES 

ANNEX A. Structural organisation of skeletal muscle. 

(Source : https://doctor2017.jumedicine.com/wp-content/uploads/sites/7/2018/01/muscle-

lecture.pdf) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doctor2017.jumedicine.com/wp-content/uploads/sites/7/2018/01/muscle-lecture.pdf
https://doctor2017.jumedicine.com/wp-content/uploads/sites/7/2018/01/muscle-lecture.pdf
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ANNEX B. The pathophysiological mechanism of EIMD and 

DOMS. 

(Heiss et al., 2019) 
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ANNEX C. Depth of light irradiation according to wavelength. 

(Source : https://arrcled.com/photobiomodulation/) 

 

 

 

 

 

 

 

 

ANNEX D. “Light-biological tissue” interactions and clinical 

effectiveness. 

(Mosca et al., 2019) 

 

 

 

 

 

 

 

 

https://arrcled.com/photobiomodulation/
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ANNEX E. Physiological mechanism of interaction between 

infrared radiation and biological tissue. 

(Source : https://tahoelaserpt.com/novothor) 

 

ANNEX F. BiostatGV® software interface. 

(Source : https://biostatgv.sentiweb.fr) 

 

 

 

 

 

 

 

https://tahoelaserpt.com/novothor
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ANNEX G. « MyotestPRO® » measuring device. 

(Source : https://www.yumpu.com/fr/document/read/30058742/lappareil-myotest-pro) 

 

 

 

 

 

 

 

 

ANNEX H. List of French clubs in the “National 2” championship. 

(Source : https://www.fff.fr/competition/engagement/407708-n2/phase/1/index.html) 

https://www.yumpu.com/fr/document/read/30058742/lappareil-myotest-pro
https://www.fff.fr/competition/engagement/407708-n2/phase/1/index.html
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ANNEX I. « 11+ » warm up programme (Step 1 of the training 

protocol). 

 

(Source: ACL injury prevention 

with FIFA 11+. (2017, mai 7). 

Dr. Bu Balalla. 

https://kneesurgerysydney.com.a

u/preventing-acl-injuries-with-

the-fifa-11-program/) 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://kneesurgerysydney.com.au/preventing-acl-injuries-with-the-fifa-11-program/
https://kneesurgerysydney.com.au/preventing-acl-injuries-with-the-fifa-11-program/
https://kneesurgerysydney.com.au/preventing-acl-injuries-with-the-fifa-11-program/
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ANNEX J. Vertical Jump application guidelines (CMJ). 

(Source : https://www.yumpu.com/en/document/read/33627579/quick-start-guide-en-myotest) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.yumpu.com/en/document/read/33627579/quick-start-guide-en-myotest
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