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RESUMO 

Introdução: O alongamento é uma prática amplamente utilizada tanto no contexto 

de reabilitação quanto no âmbito esportivo. No entanto, a influência do aumento 

crônico de flexibilidade na performance muscular (PM) ainda é pouco compreendida. 

Objetivo: O objetivo do presente estudo foi avaliar a influência do aumento crônico 

de flexibilidade na PM por meio de uma revisão sistemática. Métodos: A estratégia 

de busca incluiu as plataformas MEDLINE (via Pubmed), PEDro, Cochrane Central e 

LILACS, além disso, uma minuciosa busca manual foi realizada por meio das 

referências dos artigos, do início a junho de 2016. Estudos Randomizados e não 

randomizados que analisaram a influência do treino de flexibilidade (qualquer 

técnica) na PM foram incluídos. Diferentemente, estudos com populações especiais 

(crianças, idosos, e pessoas com qualquer condição patológica), e artigos que 

utilizaram treinamentos inferiores a 3 semanas (ou 20 sessões) foram excluídos. A 

avalição da PM poderia ter sido avaliada por meio de testes funcionais (saltos, 

Sprint, tarefas de ciclo alongamento-encurtamento), contrações isométricas e 

isotônicas. Resultados: Vinte e cinco estudos foram incluídos de 509 selecionados. 

Cinco estudos avaliaram a PM por meio de tarefas envolvendo ciclo alongamento-

encurtamento, 8 estudos avaliaram a PM através  de contrações isométricas e 12 

estudos avaliaram a PM por meio de contrações isotônicas. Devido a alta 

heterogeneidade entre os estudos incluídos, não foi possível a realização de 

metanálise. No entanto, em uma análise qualitativa dos estudos, nós identificamos 

que 16 estudos encontraram resultados positivos do aumento crônico de flexibilidade 

na PM. A maioria dos resultados positivos foram encontrados em testes funcionais e 

contrações isotônicas. Conclusão: Embora os mecanismos para o aumento na PM 

após um treinamento de flexibilidade não sejam claros, a presente revisão 

demonstrou que, cronicamente, o alongamento possui um papel importante na PM, 

especialmente em atividades dinâmicas. 
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APRESENTAÇÃO 

Desde 2010 faço parte do grupo de pesquisa em cinesiologia e cinesioterapia. 

Há algum tempo, concentramos boa parte dos seus esforços em entender melhor a 

prática do alongamento. Através de uma leitura aprofundada sobre o assunto, 

algumas lacunas ainda não preenchidas na literatura estão sendo percebidas. Esse 

trabalho foi idealizado a partir da identificação de uma carência da literatura em 

estabelecer a real relação entre o aumento crônico de flexibilidade e a performance 

muscular. Há evidências consistentes que o efeito agudo do alongamento pode 

gerar efeitos deletérios na produção de força. No entanto, o efeito crônico do 

alongamento no desempenho muscular é pouco compreendido.  

No grupo, incentivamos a realização de revisões sistemáticas (com 

metanálise), pois estas, quando propriamente realizadas, se configuram como a 

evidência de maior poder no contexto científico. Além disso, elas permitem a 

localização de inconsistências na literatura, o que nos estimula a pensar criticamente 

a respeito da metodologia dos trabalhos, e elaborar projetos de pesquisa bem 

definidos. Portanto, fizemos a opção de organizar uma revisão sistemática para 

compreender melhor a relação das duas valências do condicionamento físico 

supracitadas. Vale salientar que o presente autor já teve experiência em trabalhos 

desse gênero, o que facilitou a escolha do tema e a realização do estudo. 

O presente estudo foi submetido à revista Human Movement Science, com 

fator de impacto de 1,606, no dia 16 de outubro de 2016, e atualmente encontra-se 

sob avaliação dos revisores. Dessa forma, o artigo resultante desse trabalho foi 

escrito com base nas normas e instruções de publicação dessa revista, as quais 

seguem em anexo ao final deste documento. 
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RESUMO 

Introdução: O alongamento é uma prática amplamente utilizada tanto no contexto 

de reabilitação quanto no âmbito esportivo. No entanto, a influência do aumento 

crônico de flexibilidade na performance muscular (PM) ainda é pouco compreendida. 

Objetivo: O objetivo do presente estudo foi avaliar a influência do aumento crônico 

de flexibilidade na PM por meio de uma revisão sistemática. Métodos: A estratégia 

de busca incluiu as plataformas MEDLINE (via Pubmed), PEDro, Cochrane Central e 

LILACS, além disso, uma minuciosa busca manual foi realizada por meio das 

referências dos artigos, do início a junho de 2016. Estudos Randomizados e não 

randomizados que analisaram a influência do treino de flexibilidade (qualquer 

técnica) na PM foram incluídos. Diferentemente, estudos com populações especiais 

(crianças, idosos, e pessoas com qualquer condição patológica), e artigos que 

utilizaram treinamentos inferiores que 3 semanas (ou 20 sessões) foram excluídos. A 

avalição da PM poderia ter sido avaliada por meio de testes funcionais (saltos, 

Sprint, tarefas de ciclo alongamento-encurtamento), contrações isométricas e 

isotônicas. Resultados: Vinte e cinco estudos foram incluídos de 509 selecionados. 

Cinco estudos avaliaram a PM por meio de tarefas envolvendo ciclo alongamento-

encurtamento, 8 estudos avaliaram a PM através  de contrações isométricas e 12 

estudos avaliaram a PM por meio de contrações isotônicas. Devido a alta 

heterogeneidade entre os estudos incluídos, não foi possível a realização de 

metanálise. No entanto, em uma análise qualitativa dos estudos, nós identificamos 

que 16 estudos encontraram resultados positivos do aumento crônico de flexibilidade 

na PM. A maioria dos resultados positivos foram encontrados em testes funcionais e 

contrações isotônicas. Conclusão: Embora os mecanismos para o aumento na PM 

após um treinamento de flexibilidade não sejam claros, a presente revisão 

demonstrou que, cronicamente, o alongamento possui um papel importante na PM, 

especialmente em atividades dinâmicas. 

Palavras chave: flexibilidade; ciclo alongamento-encurtamento; força muscular; 
performance atlética 
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ABSTRACT 

Background: Stretching is strategy widely performed in both therapeutic and sport 

contexts. However the influence of chronic stretching on muscle performance (MP) 

remains unclear. Objective: The aim of the current study was to investigate the 

influence of chronic stretching on muscle performance by a systematic review. 

Methods: The search strategy included MEDLINE, PEDro, Cochrane CENTRAL, 

LILACS, and manual search from inception to June 2016. Randomized and 

controlled clinical trials, non-randomized, and single group studies that have 

analyzed the influence of a stretching training (any technique) on MP were included. 

Differently, studies with special populations (children, elderly, and people with any 

dysfunction/disease), and articles that have used stretching training protocols shorter 

than 3 weeks or twelve sessions were excluded. The MP assessment could have 

been performed by functional tests (e.g. jump, sprint, stretch-shortening cycle tasks), 

isometric contractions, and/or isotonic contractions. Results: Twenty-five studies 

were included out of 509. Five studies evaluated MP by stretch-shortening cycle 

tasks, 8 studies evaluated MP by isometric contractions, and 12 studies assessed 

MP by isotonic contractions. Due to the high heterogeneity among the included 

studies, we were unable to perform a meta-analysis. In an individual study level 

analysis, we identified that 16 studies found positive effects of chronic stretching on 

MP. Most of the improvements were observed in functional tests and isotonic 

contractions. Conclusions: Even though the mechanisms behind such 

improvements are unclear, this review demonstrated that chronic stretching seems to 

play an important role on MP, especially in dynamic activities. 

 

Keywords: flexibility; stretch-shortening cycle; muscle strength; athletic performance 
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1. Introduction 

Stretching is a fundamental component of most training routines, and it is a 

strategy generally employed when the goal is to enhance muscle flexibility (Ayala, 

Sainz de Baranda, De Ste Croix, & Santonja, 2013; Marshall, Cashman, & Cheema, 

2011). Flexibility, which refers to the ability of a muscle (group) to elongate 

(Magnusson, Simonsen, Aagaard, Sørensen, & Kjaer, 1996), is an important 

component of physical fitness, and it has intimate relation with muscle performance 

(MP). 

 Stretching can affect MP in different ways depending on how it is executed. 

The acute effects of stretching have been widely investigated in the last decade. A 

considerable amount of original studies (Costa, Herda, Herda, & Cramer, 2014; 

Cramer et al., 2007), and reviews (Behm & Chaouachi, 2011; Kay & Blazevich, 2012) 

have evidenced that a bout of stretching may provoke deleterious effects on MP. 

With respect to the chronic effects of stretching, it is well documented its 

effectiveness in increasing muscle flexibility (Medeiros, Cini, Sbruzzi, & Lima, 2016). 

However, the influence of such flexibility improvement on MP remains an issue of 

debate.  

The theories that seek to explain the role of flexibility on MP are suggestive. It is 

believed that stretching training can decrease muscle stiffness (Wilson, Elliott, & 

Wood, 1992), induce an increase in Ca+ within the neuromuscular junction 

(Yamashita, Ishii, & Oota, 1992), and promote sarcomerogenesis (De Deyne, 2001). 

All these factors may contribute to a possible enhancement in MP after stretching 

training. Nonetheless, the literature is scarce on this topic.  

 To the best of the authors’ knowledge, there are only two review studies 
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(Rubini, Costa, & Gomes, 2007; Stone et al., 2006) that attempted to elucidate the 

role of chronic stretching on MP. However, both studies employed a narrative 

approach and provided insufficient information on the topic. Besides, we are aware of 

a number of studies that have been published in the last decade. So then, a review 

study with more appropriate methodology would contribute to better understand the 

relationship between chronic stretching and MP. Hence, the purpose of the current 

investigation is to analyze the influence of chronic stretching on MP by means of a 

systematic literature review. 

 

2. Methods 

The current study utilized PRISMA (Preferred Reporting Items for Systematic 

Review and Meta-analyses) guidelines for Systematic Reviews and Meta-analysis 

(Shamseer et al., 2015). 

 

2.1. Data sources and searches  

We searched the following electronic databases (from inception to June 2016): 

MEDLINE (accessed by PubMed), Physiotherapy Evidence Database (PEDro), The 

Cochrane Central Register of Controlled Trials (Cochrane CENTRAL), and Centro 

Latino-Americano e do Caribe de Informação em Ciências da Saúde (LILACS). In 

addition, we searched the references of published studies. The search comprised the 

following terms: “Flexibility”, “Range of Motion”, “Joint Range of Motion”, “Joint 

Flexibility”, “Muscle Strength”, “Strength, muscle”, “Muscle Strength Dynamometer”, 

“Performance, Athletic”, “Static Stretching”, “PNF stretching”, “Muscle Stretching 

Exercises” combined with a high sensitivity combination of words used in the search 

for randomized clinical trials (Robinson & Dickersin, 2002). We included publications 
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in English, Spanish, and Portuguese. For the combination of the keywords, we 

utilized the Boolean terms AND and OR. The complete search strategy used for the 

MEDLINE database is shown in Appendix A. 

 

2.2. Eligibility criteria  

We included randomized clinical trials (RCT), controlled clinical trials (CCT), 

single group, and nonrandomized studies. We opted for including all types of studies 

since high-quality articles are scarce in the matter investigated in the present review. 

We included studies that evaluated the effects of stretching training (any technique) 

on MP, which could have been evaluated by isokinetic dynamometry (isotonic or 

isometric contraction), repetition-maximum (RM) testing, or functional tests that follow 

the stretch-shortening cycle (SSC) principle. The following exclusion criteria were 

used:  (1) samples comprised of people with any disease/dysfunction; (2) stretching 

training shorter than three weeks; (3) samples with mean age under 18 or over 40 

years old; (4) non-application of muscle stretching; (5) no assessment of MP.  

 

2.3. Studies selection and data extraction 

Two investigators, in duplicate, independently evaluated titles and abstracts of 

all articles identified by the search strategy. All abstracts that did not provide 

sufficient information regarding the inclusion and exclusion criteria were selected for 

full-text evaluation. In the second phase, the same reviewers independently 

evaluated the full-text articles and made their selection in accordance with the 

eligibility criteria. Disagreements between reviewers were solved by consensus or 

through a third person review. Using standardized forms, the same two reviewers 

independently conducted data extraction with regard to the methodological 
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characteristics of the studies, number of participants, age, interventions, muscle 

group evaluated, assessment protocol, and conclusions. Disagreements were also 

solved by consensus. The main outcome extracted was MP. 

 

2.4. Quality assessment  

Study quality assessment included adequate sequence generation, allocation 

concealment, blinding of outcome assessors, description of losses and exclusions, 

and intention-to-treat analysis. Use of intention-to-treat analysis was considered as a 

confirmation on study assessment that the number of participants randomized and 

the number analyzed were identical, except for patients lost to follow-up or who 

withdrew consent for study participation. Studies without a clear description of these 

characteristics were considered as unclear or not reporting the latter. The same two 

reviewers independently performed the quality assessment. 

 

3. Results 

3.1. Description of studies 

The search strategy yielded 509 articles, of which 32 studies were considered 

as potentially relevant and retrieved for detailed analysis. In the full-text analysis, 

seven studies were excluded. Hence, twenty-five studies met the eligibility criteria 

and were included in the systematic review (n = 773). Figure 1 shows the flow 

diagram of the studies included in this review.  

 



15 
 

 

3.2. Risk of Bias 

Of the studies included in this systematic review, 12% presented an adequate 

sequence generation, 16% reported allocation concealment; 24% had blinded 

assessment of outcomes, 28% described losses to follow-up and exclusions, and 

36% of the studies used the intention-to-treat principle for statistical analyses 

(Appendix B).  

 

3.3. Effects of interventions 

We were unable to perform statistical analyses due to the high heterogeneity 

among the included studies. Tables 1, 2, and 3 summarize the studies’ 

characteristics and its conclusions. 

 

3.3.1. Flexibility training on functional tasks 

Five studies assessed MP using a functional test that followed the SSC 

principle. Four studies (Abdel-aziem & Mohammad, 2012; Caplan, Rogers, Parr, & 

Hayes, 2009; Hunter & Marshall, 2002; Wilson et al., 1992) found that an increase in 

flexibility promotes an increase in MP, and only one study (Yuktasir & Kaya, 2009) 

found no significant difference when compared to a control group (Table 1). 

 

3.3.2. Flexibility training on isometric contraction 

Isometric contraction, which was evaluated by isokinetic dynamometry, was 

utilized in 8 studies. Two of them (Handel, Horstmann, Dickhuth, & Gülch, 1997; 

Rees, Murphy, Watsford, McLachlan, & Coutts, 2007) found that flexibility training 

improves MP whereas 6 studies (Blazevich et al., 2014; Guissard & Duchateau, 

2004; Konrad, Gad, & Tilp, 2015; Konrad & Tilp, 2014a, 2014b; Minshull, Eston, 



16 
 

 

Bailey, Rees, & Gleeson, 2014) found no significant difference when compared to a 

control group (Table 2). 

 

3.3.3. Flexibility training on isotonic contractions 

Of the twenty-five studies included in the present review, twelve of them 

evaluated MP through isotonic contractions. All of them assessed concentric 

contraction whereas only three studies evaluated eccentric contraction.  

 Regarding concentric contractions, 7 studies (Abdel-aziem & Mohammad, 

2012; Chen et al., 2009, 2011; Handel et al., 1997; Leite et al., 2015; Nelson et al., 

2012; Worrell, Smith, & Winegardner, 1994) showed that flexibility training improves 

MP, whereas 5 studies (Ferreira, Teixeira-Salmela, & Guimarães, 2007; LaRoche, 

Lussier, & Roy, 2008; Marshall et al., 2011; Morton, Whitehead, Brinkert, & Caine, 

2011; Wilson et al., 1992) did not found any significant changes when compared 

either to a control group or a pre moment. All three studies (Abdel-aziem & 

Mohammad, 2012; Handel et al., 1997; Worrell et al., 1994) that evaluated eccentric 

contractions showed that flexibility training enhances MP when compared either to a 

control group or a pre moment.  

 

4. Discussion 

The evidence presented in this review suggests that chronic stretching is able 

to enhance MP since 16 out of 25 articles showed positive results. Moreover, it is 

worth pointing out in this context that, differently from what is been observed in the 

literature for acute bouts of stretching, chronic stretching does not impair MP. We 

state that based on the fact that all included studies showed improvements in muscle 

flexibility, and none of them found any impairments in MP after such event. 
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 In order to understand the mechanisms responsible for the enhancement in 

MP after chronic stretching, it is crucial that we clarify the mechanisms involved in 

muscle flexibility increase itself. The hypotheses normally used to explain 

improvements in chronic flexibility are: increase in stretch tolerance (Konrad et al., 

2015), viscoelastic adaptations (Kubo, Kanehisa, Kawakami, & Fukunaga, 2001; 

Reid & McNair, 2004), and addition of sarcomeres in series (Zöllner, Abilez, Böl, & 

Kuhl, 2012). 

 Increase in stretch tolerance is a widely accepted theory. It states that an 

increase in range of motion (ROM) without structural changes in the muscle-tendon 

unit (MTU) can only be explained by a modification in the perception of the 

discomfort associated with stretch (Halbertsma, Van Bolhuis, & Goeken, 1996). And 

this may be related to a nociceptive adaptation (Magnusson et al., 1996).  

The fact that neural adaptations are present during regular stretching does not 

exclude the possibility of viscoelastic adaptations within the MTU. Viscoelastic 

materials have an elastic ability, which enables it to store and release energy (Böhm, 

Cole, Brüggemann, & Ruder, 2006), but they also have a viscous component since 

their response to tensile force is rate and time-dependent (Peltonen, Cronin, 

Stenroth, Finni, & Avela, 2013). The viscoelastic variable most evaluated among the 

studies in this field is passive stiffness, which is the change in passive tension per 

unit change in length of the muscle (Ryan et al., 2008). And the literature has 

demonstrated that decreased passive stiffness contributes to flexibility improvements 

after stretching training (Guissard & Duchateau, 2004).  

Another factor that may contribute to the increase in muscle flexibility after 

chronic stretching is the addition of sarcomeres in series. Sarcomerogenesis has 
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been confirmed in mathematical models (Zöllner et al., 2012), animal models studies 

(De Jaeger, Joumaa, & Herzog, 2015), and tendon transfer approaches (Boakes, 

Foran, Ward, & Lieber, 2006). However, there is a lack of studies analyzing 

sarcomerogenesis after chronic stretching in vivo. Evaluations of muscle optimum 

angle have been performed in an attempt to verify possible adaptations within the 

sarcomeres (Chen, Lin, Chen, Lin, & Nosaka, 2011). It is believed that a shift of the 

optimum angle toward a longer muscle length may be caused by increase in 

sarcomeres in series.  

 The enhancements in MP after stretching training are directly related to those 

adaptations above-mentioned. However, the impact of such adaptations on MP may 

be distinct depending on the type of movement involved in the task (Butterfield, 

Leonard, Herzog, & Butterfield, 2005). As of this date, there is no information about 

any relationship between modification in stretch tolerance and MP. On the other 

hand, the literature has hypothesized that modifications in muscle stiffness and the 

addition in sarcomeres in series within the muscle may have positive influence on MP 

(Butterfield et al., 2005; Wilson et al., 1992).  

 The major elastic component of MTU is the tendon (Zuurbier, Everard, van der 

Wees, & Huijing, 1994). Hence, the tendinous tissue is able to store potential energy 

during eccentric contractions, and release this energy during the subsequent 

concentric contraction (Ishikawa, Pakaslahti, & Komi, 2007). This phenomenon is 

known as stretch-shortening cycle (SSC). Activities involving SSC are highly 

influenced by muscle stiffness. It is believed that an increased MTU compliance 

improves its storage capacity, enhancing performance (Wilson et al., 1992). Another 

viscoelastic characteristic that has a great impact on SSC movements, and can be 

modified by chronic stretching is hysteresis (Kubo, 2005). Hysteresis refers to the 
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energy lost as heat during stretching of viscoelastic materials (Kubo, 2005). So then, 

a decrease in hysteresis, provoked by chronic stretching, suggests a reduction in 

energy dissipation in the MTU, which would increment MP. In the present review, 

only one study (Yuktasir & Kaya, 2009) that evaluated MP by a functional test 

involving SSC (drop jump) did not find improvements in MP after chronic stretching. A 

reasonable explanation for that result might be related to the fact that their training 

protocol did not include knee extensors stretching. It is known that Rectus Femoris 

plays an essential role on drop jumps, especially from 60 cm height (Peng, Kernozek, 

& Song, 2011), the exact test employed in the above-mentioned study. So then, the 

non-utilization of knee extensors stretching may have limited the observation of 

positive results. 

 Another hypothesis utilized in an attempt to elucidate the increase in MP after 

regular stretching is the addition of sarcomeres in series. It is speculated that 

sarcomerogenesis potentiates the force-length relationship, which improves MP, 

especially in static contractions. Seven studies evaluated MP using static 

contractions. However, only 2 (Handel et al., 1997; Rees et al., 2007) showed 

positives results related to chronic stretching. The lack of effectiveness of stretching 

might be related to the stretching protocols used among the studies. Perhaps, the 

given stimulus was not sufficient to generate adaptations within the muscle cell, and 

the increase in muscle flexibility was a result of modification in stretch tolerance 

(Konrad et al., 2015). It is worth highlighting that the studies that found improvements 

in MP employed PNF stretching. Therefore, we cannot disregard the possibility that 

the improvements in isometric contractions observed may be partly related to some 

adaptation to the isometric contractions present in PNF stretching.  
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Another advantage of sarcomerogenesis is its capacity to potentiate dynamics 

activities by increasing muscular contraction velocity (Lieber & Bodine-Fowler, 1993). 

Twelve studies assessed MP by dynamic (concentric and eccentric) contractions. 

With respect to concentric contraction, 7 studies (Abdel-aziem & Mohammad, 2012; 

Chen et al., 2009, 2011; Handel, Horstmann, Dickhuth, & Gülch, 1997; Leite et al., 

2015; Nelson et al., 2012; Worrell et al., 1994) showed positive results whereas 5 

studies (Ferreira et al., 2007; LaRoche et al., 2008; Marshall et al., 2011; Morton et 

al., 2011; Wilson et al., 1992) showed no significant improvement in peak torque 

(PT). During eccentric contractions, though, all three studies (Abdel-aziem & 

Mohammad, 2012; Handel et al., 1997; Worrell et al., 1994) that performed this type 

of test found significant increase in PT. Rather interesting is that two studies (Ferreira 

et al., 2007; LaRoche et al., 2008) evaluated Work (W), and observed that chronic 

stretching is able to increase this variable. Angular work is described as the applied 

torque times the changes in angular distance. Accepting sarcomerogenesis as a real 

adaptation, we may infer that after stretching training, the muscle had the capability 

of moving the segment to a larger angular distance in the same time interval (Lieber 

& Bodine-Fowler, 1993). 

To the best of the authors’ knowledge, this is the first review to systematically 

analyze the influence of chronic stretching on MP. The current review presents 

relevant methodological strengths such as the analysis of two of the most important 

components of physical fitness: muscle flexibility and muscle strength. Moreover, a 

strategy for a sensitive and comprehensive search to assure the location of all 

studies in this field was held. The low methodological quality of the included studies 

must be pointed as a relevant limitation. The majority of the studies failed to explain 

the generation of the random sequence. Only six studies blinded the outcome 
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assessors. None of the included studies presented all the items in the risk of bias 

analysis. It is crucial that future investigations show greater concern about the 

internal validity in order to improve the data reliability.  

 

5. Conclusion 

Flexibility is an essential component of physical fitness, and as such, it should 

always be taken into account in any training routine. As this review has 

demonstrated, chronic stretching seems to play an important role on MP, especially 

during dynamic activities. However, there is a need for more high-quality studies on 

this topic to help clarify both the stretching parameters needed to enhance MP and 

the mechanisms behind such improvement.  
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Figure 1. Flowchart of the included studies. 
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Tables 
 

Table 1. Characteristics of the studies that utilized stretch-shortening cycle tests. 

Study (year) Sample (n) Mean age ± SD 
Stretching 
technique 

Protocol 
Muscle 

group/exercise 
evaluated 

Muscle 
performance 
assessment 

Conclusions 

Caplan et al. (2009) 18 Rugby players 20.2 ± 1.8 
Static stretching 

and PNF 
3 x 10s  

4 x week/5 weeks 
Knee flexors 

Running 
mechanics 

Stride rate (SR) 
Stride length (SL)
Contact time (CT) 

 SR  
 SL 

CT unchanged 

Hunter and Marshall 
(2001) 

50 active male  24.0 ± 4.0 Static stretching 
3 x 20-60s 

4 x week/10 
weeks 

Lower limbs 

CMJ, 
DP from 30-, 60-, 
and 90cm (DJ30, 

DJ60, DJ90). 

 CMJ 
the other variables 

remained 
unchanged 

Kokkonen et al. (2007) 
38 sedentaries 

and recreationally 
active subjects 

22.5 ± 3.5 Static stretching 

3 x 15s 
3 x week/10 

weeks 
15 stretching 

exercises 

Knee flexors and 
extensors 

Standing long 
jump 

Vertical jump 
20-m sprint 

1RM 
Endurance test 

 of all variables 
analyzed 

Wilson et al. (1992) 16 wheightlifters 24.4 ± 2.8 Static stretching  

10-30s - 4 
stretching 
exercises 

twice a week/8 
weeks 

Bench press 
Rebound and 

conc performance 

 on rebound 
performance; No 

significant change 
on conc 

performance 
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Yukitasir et al. (2009) 28 healthy men 21.8 ± 9.0 
Static 

 stretreching and 
PNF 

4 x 30s  
4 x week/6 weeks 

Knee flexors and 
plantar flexors 

DJ 
No significant 

change on jump 
performance 

 

PNF = Proprioceptive Neuromuscular Facilitation; CMJ = Counter Movement Jump; RM = Repetition Maximum; DP = Drop Jump. 
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Table 2. Characteristics of the studies that assessed isometric contraction. 

Study (year) Sample (n) Mean age ± SD 
Stretching 
technique 

Protocol 
Muscle 

group/exercise 
evaluated 

Muscle 
performance 
assessment 

Conclusions 

Blazevitch et al. (2014) 22 healthy men 18.6 ± 0.9 Static stretching 
4 x 30s - twice a 

day 
daily/3 weeks 

Plantar flexors 
ID, 

isom PT 

No significant 
change on isom 

PT 

Guissard and Duchateau (2004) 
12 healthy 
subjects 

Age range 21-35  Static stretching 

5 x 30s - 4 
stretching 
exercises 

5 x week/6 weeks 

Plantar flexors ID, MVC 
No significant 

change on MVC 

Konrad and Tilp (2014) 49 police cadets 22.9 ± 2.7 Static stretching 
4 x 30s 

5 x week/6 weeks 
Plantar flexors ID, MVC 

No significant 
change on isom 

PT 

Konrad and Tilp (2014) b 48 police cadets 22.6 ± 2.5 
Ballistic 

stretching 
4 x 30s 

5 x week/6 weeks 
Plantar flexors ID, MVC 

No significant 
change on isom 

PT 
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Konrad et al.  (2015) 49 police cadets 23.6 ± 2.5 PNF 
4 x 30s 

5 x week/6 weeks 
Plantar flexors ID, MVC 

No significant 
change on isom 

PT 

Kubo et al. (2001) 8 healthy men 24.6 ± 1.8 Static stretching 
5 x 45s - twice a 

day 
daily/3 weeks 

Plantar flexors 
Isom PT, and 

hysteresis 

No significant 
change on isom 

PTe and ê of 
hysteresis 

Minshull et al. (2013) 
18 healthy 
subjects 

20.3 ± 2.2 
Passive stretching 

and PNF 

60s for both 
stretching 
techniques 

3 x week/8 weeks 

Knee flexors 

MVC, 
RFD, 

Sensorimotor 
performance 

No significant 
change in any of 

the variables 
analyzed 

Rees et al. (2007) 
20 healthy active

women 
19.7 ± 1.6 PNF  

4-6 sets of 6-10 
maximal 

contraction 
3 x week/4 weeks 

Plantar flexors 
MIC, 
RTD 

 MIC and RTD 

 

PNF = Proprioceptive Neuromuscular Facilitation; ID = Isokinetic Dynamometry; PT = Peak Torque; MVC = Maximal Voluntary Contraction; RM = 
Repetition Maximum; RFD = Rate of Force Development; RTD = Rate of Torque Development; MIC = Maximal Isometric Force. 
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Table 3. Characteristics of the studies that assessed isotonic contraction. 

Study (year) Sample (n) Mean age ± SD 
Stretching 
technique 

Protocol 
Muscle 

group/exercise 
evaluated 

Muscle 
performance 
assessment 

Conclusions 

Aziem and Mohhammed 
(2011) 

50 healthy 
subjects 

Experimental 
group:  

22.3 ± 2.3 
Control group: 

21.9 ± 4.1 

Static stretching 
5 x 30s - twice a 

day 
5 x week/6 weeks 

Plantar flexors 
ID, ecc and conc 

PT at 
30 and 120°/s 

 ecc, and conc 
PT 

Chen et al. (2009) 30 young men 22 ± 2.1 
Static stretching 

and PNF 

Static stretching: 
10 x 30s 

PNF: 3 x 10s 
3 x week/8 weeks 

Knee flexors 
ID, conc PT at 

60°/s 

 conc PT in 
both stretching 

techniques 

Chen et al. (2011) 30 young men 20.8 ± 2.3 
Static stretching 

and PNF 

Static stretching: 
10 x 30s 

PNF: 3 x 10s 
3 x week/8 weeks 

Knee flexors 
ID, conc PT at 

60°/s 

 conc PT in 
both stretching 

techniques 

Ferreira et al. (2007) 30 young subjects 22.7 ± 4.8 Static stretching 
4 x 30s 

5 x week/6 weeks 
Knee flexors 

ID, conc PT e at 
60 and 300°/s and

Work 

No significant 
change on conc 

PT;  Work 



33 
 

 

Handel et al. (1997) 18 male athletes 23.6 ± 3.9 PNF 
10 minutes  

 3 x week/8 weeks 
Knee flexors and 

extensors 

ID, ecc PT at 60e 
120°/s and conc 

PT at 
60, 120, 180 e 

240°/s  

 ecc PT of knee 
flexors and 

extensors at 60 
and 120 °/s;   
isom PT,  and 
conc PT at 60, 
180 e 240°/s of 

knee flexors 

LaRoche et al. (2008) 29 male subjects 31.6 ± 15.2 
Static and 
dynamic 

stretching 

10 x 30s -  
3 x week/4 weeks 

Hip extensors 
ID, conc PT 60°/s 

RTD 
Work 

No significant 
change on conc 

PT, and RTD;  
Work 

Leite et al. (2015) 28 trained women Not informed 
Dynamic 
stretching 

3 x 30 reps 
each stretching 
60min training 

Bench press and 
Leg press 

10RM test 

Bench press' 
10RM with no 

significant change 
and  of Leg 
press' 10RM  

Marshall et al. (2011) 
22 recreationally 
active subjects 

22.7 ± 3.8 Static stretching 

3 x 30s - 4 
stretching 
exercises 

5 x week/4 weeks 

Knee flexors 
ID, conc PT 30 

and 120°/s  

No significant 
change on conc 

PT 

Morton et al. (2011) 
36 sedentary 

subjects 
21.9 ± 3.6 Static stretching 

1 x 30s each 
stretching- 35 

minutes of lower 
and  

upper limp static 
stretching training 

5 weeks 

Knee flexors and 
extensors 

ID, conc PT 
180°/s   

No significant 
change on conc 

PT 
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Nelson et al. (2012) 
25 healthy 
subjects 

23.2 ± 3.2 Static stretching 
4 x 30s 

3 x week/10 
weeks 

Plantar flexors 1RM test  1RM test 

Simão et al. (2011) 
80 untrained 

women 
34.5 ± 2.0 

Static stretching 
(not clear) 

4 x 15-60s upper 
and lower body 

stretching training 
alternate days/16 

weeks 

Bench press and 
Leg press 

10RM test 
No significant 

change on 10RM 
test 

Wilson et al. (1992) 16 weightlifters 24.4 ± 2.8 Static stretching  

10-30s - 4 
stretching 
exercises 

twice a week/8 
weeks 

Bench press 
Rebound and 

conc performance 

 on rebound 
performance; No 

significant change 
on conc 

performance 

Worrel et al. (1994) 
19 healthy 
subjects 

26.2 ± 3.6 
Static 

 stretching and 
PNF 

4 x 15-20s 
5 x week/3 weeks 

Knee flexors 
ID, ecc, and conc 

PT at 
60 e 120°/s 

 ecc PT at 60 
and 120°/s,  

and conc PT at 
120°/s 

 

PNF = Proprioceptive Neuromuscular Facilitation; ID = Isokinetic Dynamometry; Ecc = Eccentric; Conc = Concentric; Isom = isometric; PT = Peak Torque; 
RM = Repetition Maximum. 
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Appendices  
 
Appendix A. Complete Search strategy used for MEDLINE.  
 

#1 “Muscle Strength”[Mesh] OR “Strength, muscle” OR "Muscle Strength Dynamometer"[Mesh] 
OR “Dynamometer, Muscle Strength” OR “Dynamometers, Muscle Strength” OR “Muscle 
Strength Dynamometers” OR “Athletic Performance”[Mesh] OR “Athletic Performances” OR 
“Performance, Athletic” OR “Performances, Athletic” OR “Sports Performance” OR 
“Performance, Sports” OR “Performances, Sports” OR “Sports Performances” 

 

#2 “Muscle Stretching Exercises”[Mesh] OR “Exercise, Muscle Stretching” OR “Exercises, 
Muscle Stretching” OR “Muscle Stretching Exercise” OR “Dynamic Stretching” OR 
“Stretching, Dynamic” OR “Isometric Stretching” OR “Stretching, Isometric” OR 
“Active Stretching” “Stretching, Active” OR “Static-Active Stretching” OR “Static 
Active Stretching” OR “Stretching, Static-Active” OR “Static Stretching” OR “Stretching, 
Static” OR “Passive Stretching” OR “Stretching, Passive” OR “Relaxed Stretching” OR 
“Stretching, Relaxed” OR “Static-Passive Stretching” OR “Static Passive Stretching” OR 
“Stretching, Static-Passive” OR “Ballistic Stretching” OR  “Stretching, Ballistic” OR 
“Proprioceptive Neuromuscular Facilitation (PNF) Stretching” 

 

#3 (randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized controlled 
trials[mh] OR random allocation[mh] OR double-blind method[mh] OR single-blind 
method[mh] OR clinical trial[pt] OR clinical trials[mh] OR ("clinical trial"[tw]) OR ((singl*[tw] 
OR doubl*[tw] OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[tw])) OR ("latin 
square"[tw]) OR placebos[mh] OR placebo*[tw] OR random*[tw] OR research 
design[mh:noexp] OR follow-up studies[mh] OR prospective studies[mh] OR cross-over 

#4 #1 AND #2 AND #3  
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Appendix B.  Risk of bias of the included studies. 
 

Study (year) 
Adequate 
sequence 

generation 

Allocation 
concealment 

Bliding of 
outcome 
assessors 

Description 
of losses and 

exclusions 

Intention-to-
treat  

analysis 

Aziem and Mohhammed (2011) NI NI NI NI NI 

Blazevitch et al. (2014) Yes Yes Yes Yes No 

Caplan et al. (2009) NI NI NI NI Yes 

Chen et al. (2009) No No NI NI Yes 

Chen et al. (2011) No No NI NI NI 

Ferreira et al. (2007) NI NI Yes NI Yes 

Guissard and Duchateau (2004) NI NI NI NI NI 

Handel et al. (1997) NI NI NI NI NI 

Hunter and Marshall (2001) NI NI NI Yes NI 

Kokkonen et al. (2007) NI NI No No No 

Konrad and Tilp (2014) NI NI NI Yes No 

Konrad and Tilp (2014) b Yes Yes Yes Yes No 

Konrad et al.  (2015) Yes NI No Yes No 

Kubo et al. (2002) NI NI NI NI NI 

LaRoche et al. (2008) NI NI NI NI Yes 

Leite et al. (2015) NI Yes Yes NI NI 

Marshall et al. (2011) NI NI No NI Yes 

Minshull et al. (2013) NI NI NI NI NI 

Morton et al. (2011) NI NI NI Yes No 

Nelson et al. (2012) NI NI NI NI NI 

Rees et al. (2007) NI NI NI NI Yes 

Simão et al. (2011) NI Yes Yes NI Yes 

Wilson et al. (1992) NI NI NI Yes No 

Worrel et al. (1994) NI NI NI NI Yes 

Yukitasir et al. (2009) NI NI Yes NI Yes 

 
NI, Not informed. 
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ANEXOS 
 
ANEXO I 
 

GUIDE FOR AUTHORS  

Introduction  

A Journal Devoted to Pure and Applied Research on Human Movement.  

Types of contribution 

 
Human Movement Science contains: (a) reports of empirical work on human 
movement; (b) theoretical (overview) articles on human movement, including its 
modelling; (c) letters to the editor containing a critical commentary on a published 
paper. In addition to regular issues, special issues addressing a single theme will be 
published. Special issues may also contain articles based on papers presented at 
conferences and workshops or consist of a `target articles' followed by peer 
commentaries.  

Contact details  

If authors have no facilities to submit their manuscripts electronically, they may send 
three copies of their manuscript with a diskette to:  

Prof. Dr. P.J. Beek 
Faculty of Human Movement Sciences Vrije Universiteit 
Van der Boechorststraat 9 
1081 BT Amsterdam 
The Netherlands 
Fax 31 20 4448509 
E-mail: hms@fbw.vu.nl  

NEW! Registered reports (click here for more details). These submissions undergo 
a two-phase review process in which study rationale and methodology are 
considered prior to the research being undertaken.  

Submission checklist  

You can use this list to carry out a final check of your submission before you send it 
to the journal for review. Please check the relevant section in this Guide for Authors 
for more details.  

Ensure that the following items are present:  

One author has been designated as the corresponding author with contact details: • 
E-mail address 
• Full postal address  
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All necessary files have been uploaded: 
Manuscript: 
• Include keywords 
• All figures (include relevant captions) 
• All tables (including titles, description, footnotes) 
• Ensure all figure and table citations in the text match the files provided • Indicate 
clearly if color should be used for any figures in print Graphical Abstracts / Highlights 
files (where applicable)  

Supplemental files (where applicable)  

Further considerations 
• Manuscript has been 'spell checked' and 'grammar checked' 
• All references mentioned in the Reference List are cited in the text, and vice versa 
• Permission has been obtained for use of copyrighted material from other sources 
(including the Internet) 
• Relevant declarations of interest have been made 
• Journal policies detailed in this guide have been reviewed 
• Referee suggestions and contact details provided, based on journal requirements  

For further information, visit our Support Center. BEFORE YOU BEGIN  

Ethics in publishing  

Please see our information pages on Ethics in publishing and Ethical guidelines for 
journal publication.  

Human and animal rights  

If the work involves the use of human subjects, the author should ensure that the 
work described has been carried out in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) for experiments involving 
humans; Uniform Requirements for manuscripts submitted to Biomedical journals. 
Authors should include a statement in the manuscript that informed consent was 
obtained for experimentation with human subjects. The privacy rights of human 
subjects must always be observed.  

All animal experiments should comply with the ARRIVE guidelines and should be 
carried out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 
and associated guidelines, EU Directive 2010/63/EU for animal experiments, or the 
National Institutes of Health guide for the care and use of Laboratory animals (NIH 
Publications No. 8023, revised 1978) and the authors should clearly indicate in the 
manuscript that such guidelines have been followed.  

Declaration of interest  

All authors are requested to disclose any actual or potential conflict of interest 
including any financial, personal or other relationships with other people or 
organizations within three years of beginning the submitted work that could 
inappropriately influence, or be perceived to influence, their work. More information.  
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Submission declaration  

Submission of an article implies that the work described has not been published 
previously (except in the form of an abstract or as part of a published lecture or 
academic thesis or as an electronic preprint, see 'Multiple, redundant or concurrent 
publication' section of our ethics policy for more information), that it is not under 
consideration for publication elsewhere, that its publication is approved by all authors 
and tacitly or explicitly by the responsible authorities where the work was carried out, 
and that, if accepted, it will not be published elsewhere including electronically in the 
same form, in English or in any other language, without the written consent of the 
copyright-holder.  

Changes to authorship  

Authors are expected to consider carefully the list and order of authors before 
submitting their manuscript and provide the definitive list of authors at the time of the 
original submission. Any addition, deletion or rearrangement of author names in the 
authorship list should be made only before the manuscript has been accepted and 
only if approved by the journal Editor. To request such a change, the Editor must 
receive the following from the corresponding author: (a) the reason for the change 
in author list and (b) written confirmation (e-mail, letter) from all authors that they 
agree with the addition, removal or rearrangement. In the case of addition or removal 
of authors, this includes confirmation from the author being added or removed.  

Only in exceptional circumstances will the Editor consider the addition, deletion or 
rearrangement of authors after the manuscript has been accepted. While the Editor 
considers the request, publication of the manuscript will be suspended. If the 
manuscript has already been published in an online issue, any requests approved by 
the Editor will result in a corrigendum.  

Copyright  

Upon acceptance of an article, authors will be asked to complete a 'Journal 
Publishing Agreement' (see more information on this). An e-mail will be sent to the 
corresponding author confirming receipt of the manuscript together with a 'Journal 
Publishing Agreement' form or a link to the online version of this agreement.  

Subscribers may reproduce tables of contents or prepare lists of articles including 
abstracts for internal circulation within their institutions. Permission of the Publisher is 
required for resale or distribution outside the institution and for all other derivative 
works, including compilations and translations. If excerpts from other copyrighted 
works are included, the author(s) must obtain written permission from the copyright 
owners and credit the source(s) in the article. Elsevier has preprinted forms for use 
by authors in these cases.  

For open access articles: Upon acceptance of an article, authors will be asked to 
complete an 'Exclusive License Agreement' (more information). Permitted third party 
reuse of open access articles is determined by the author's choice of user license.  

Author rights  
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As an author you (or your employer or institution) have certain rights to reuse your 
work. More information.  

Elsevier supports responsible sharing  

Find out how you can share your research published in Elsevier journals.  

Role of the funding source  

You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of 
data; in the writing of the report; and in the decision to submit the article for 
publication. If the funding source(s) had no such involvement then this should be 
stated.  

Funding body agreements and policies  

Elsevier has established a number of agreements with funding bodies which allow 
authors to comply with their funder's open access policies. Some funding bodies will 
reimburse the author for the Open Access Publication Fee. Details of existing 
agreements are available online.  

Open access  

This journal offers authors a choice in publishing their research:  

Open access  

• Articles are freely available to both subscribers and the wider public with permitted 
reuse. 
• An open access publication fee is payable by authors or on their behalf, e.g. by their 
research funder or institution. 
Subscription 
• Articles are made available to subscribers as well as developing countries and 
patient groups through our universal access programs. 
• No open access publication fee payable by authors.  

Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards.  

For open access articles, permitted third party (re)use is defined by the following 
Creative Commons user licenses:  

Creative Commons Attribution (CC BY)  

Lets others distribute and copy the article, create extracts, abstracts, and other 
revised versions, adaptations or derivative works of or from an article (such as a 
translation), include in a collective work (such as an anthology), text or data mine the 
article, even for commercial purposes, as long as they credit the author(s), do not 
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represent the author as endorsing their adaptation of the article, and do not modify 
the article in such a way as to damage the author's honor or reputation.  

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)  

For non-commercial purposes, lets others distribute and copy the article, and to 
include in a collective work (such as an anthology), as long as they credit the 
author(s) and provided they do not alter or modify the article.  

The open access publication fee for this journal is USD 1800, excluding taxes. Learn 
more about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.  

Green open access  

Authors can share their research in a variety of different ways and Elsevier has a 
number of green open access options available. We recommend authors see our 
green open access page for further information. Authors can also self-archive their 
manuscripts immediately and enable public access from their institution's repository 
after an embargo period. This is the version that has been accepted for publication 
and which typically includes author-incorporated changes suggested during 
submission, peer review and in editor-author communications. Embargo period: For 
subscription articles, an appropriate amount of time is needed for journals to deliver 
value to subscribing customers before an article becomes freely available to the 
public. This is the embargo period and it begins from the date the article is formally 
published online in its final and fully citable form. Find out more.  

Elsevier Publishing Campus  

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform 
offering free lectures, interactive training and professional advice to support you in 
publishing your research. The College of Skills training offers modules on how to 
prepare, write and structure your article and explains how editors will look at your 
paper when it is submitted for publication. Use these resources, and more, to ensure 
that your submission will be the best that you can make it.  

Language (usage and editing services)  

Articles should be written in proper English. Both British and American English are 
acceptable, but not a mixture of these. Authors who feel their English language 
manuscript may require editing to eliminate possible grammatical or spelling errors 
and to conform to correct scientific English may wish to use the English Language 
Editing service available from Elsevier's WebShop 
(http://webshop.elsevier.com/languageediting/) or visit our customer support site 
(http://support.elsevier.com) for more information.  

Submission  

Our online submission system guides you stepwise through the process of entering 
your article details and uploading your files. The system converts your article files to 
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) 
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are required to typeset your article for final publication. All correspondence, including 
notification of the Editor's decision and requests for revision, is sent by e-mail.  

Review 
Human Movement Science operates a single-blind review process, where the 
reviewers names are not revealed to the authors by default, but reviewers are made 
aware of the names of the authors.  

Submit your article  

Please submit your article via http://www.evise.com/evise/jrnl/HMS PREPARATION  

Use of word processing software  

It is important that the file be saved in the native format of the word processor used. 
The text should be in single-column format. Keep the layout of the text as simple as 
possible. Most formatting codes will be removed and replaced on processing the 
article. In particular, do not use the word processor's options to justify text or to 
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. 
When preparing tables, if you are using a table grid, use only one grid for each 
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, 
to align columns. The electronic text should be prepared in a way very similar to that 
of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note 
that source files of figures, tables and text graphics will be required whether or not 
you embed your figures in the text. See also the section on Electronic artwork.  

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor.  

Article structure  

Subdivision - numbered sections  

Divide your article into clearly defined and numbered sections. Subsections should 
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in 
section numbering). Use this numbering also for internal cross-referencing: do not 
just refer to 'the text'. Any subsection may be given a brief heading. Each heading 
should appear on its own separate line.  

Introduction  

State the objectives of the work and provide an adequate background, avoiding a 
detailed literature survey or a summary of the results.  

Results  

Results should be clear and concise.  

Discussion  
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This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive 
citations and discussion of published literature.  

Conclusions  

The main conclusions of the study may be presented in a short Conclusions section, 
which may stand alone or form a subsection of a Discussion or Results and 
Discussion section.  

Appendices  

If there is more than one appendix, they should be identified as A, B, etc. Formulae 
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. 
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and 
figures: Table A.1; Fig. A.1, etc.  

Essential title page information  

• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
Present the authors' affiliation addresses (where the actual work was done) below 
the names. Indicate all affiliations with a lower- case superscript letter immediately 
after the author's name and in front of the appropriate address. Provide the full postal 
address of each affiliation, including the country name and, if available, the e-mail 
address of each author.  

• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that the e-mail 
address is given and that contact details are kept up to date by the 
corresponding author. 
• Present/permanent address. If an author has moved since the work described in 
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent 
address') may be indicated as a footnote to that author's name. The address at which 
the author actually did the work must be retained as the main, affiliation address. 
Superscript Arabic numerals are used for such footnotes.  

Abstract  

A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is 
often presented separately from the article, so it must be able to stand alone. For this 
reason, References should be avoided, but if essential, then cite the author(s) and 
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if 
essential they must be defined at their first mention in the abstract itself.  

Graphical abstract  
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Although a graphical abstract is optional, its use is encouraged as it draws more 
attention to the online article. The graphical abstract should summarize the contents 
of the article in a concise, pictorial form designed to capture the attention of a wide 
readership. Graphical abstracts should be submitted as a separate file in the online 
submission system. Image size: Please provide an image with a minimum of 531 × 
1328 pixels (h × w) or proportionally more. The image should be readable at a size of 
5 × 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, 
PDF or MS Office files. You can view Example Graphical Abstracts on our 
information site.  

Authors can make use of Elsevier's Illustration and Enhancement service to ensure 
the best presentation of their images and in accordance with all technical 
requirements: Illustration Service.  

Highlights  

Highlights are mandatory for this journal. They consist of a short collection of bullet 
points that convey the core findings of the article and should be submitted in a 
separate editable file in the online submission system. Please use 'Highlights' in the 
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, 
per bullet point). You can view example Highlights on our information site.  

Keywords  

Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for 
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 
established in the field may be eligible. These keywords will be used for indexing 
purposes.  

Acknowledgements  

Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the 
title or otherwise. List here those individuals who provided help during the research 
(e.g., providing language help, writing assistance or proof reading the article, etc.).  

Formatting of funding sources  

List funding sources in this standard way to facilitate compliance to funder's 
requirements:  

Funding: This work was supported by the National Institutes of Health [grant numbers 
xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; 
and the United States Institutes of Peace [grant number aaaa].  

It is not necessary to include detailed descriptions on the program or type of grants 
and awards. When funding is from a block grant or other resources available to a 
university, college, or other research institution, submit the name of the institute or 
organization that provided the funding.  
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If no funding has been provided for the research, please include the following 
sentence:  

This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors.  

Math formulae  

Please submit math equations as editable text and not as images. Present simple 
formulae in line with normal text where possible and use the solidus (/) instead of a 
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be 
presented in italics. Powers of e are often more conveniently denoted by exp. 
Number consecutively any equations that have to be displayed separately from the 
text (if referred to explicitly in the text).  

Footnotes  

Footnotes should be used sparingly. Number them consecutively throughout the 
article. Many word processors can build footnotes into the text, and this feature may 
be used. Otherwise, please indicate the position of footnotes in the text and list the 
footnotes themselves separately at the end of the article. Do not include footnotes in 
the Reference list.  

Artwork  

Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 
Roman, Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed information are 
given here. Formats 
If your electronic artwork is created in a Microsoft Office application (Word, 
PowerPoint, Excel) then please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your electronic 
artwork is finalized, please 'Save as' or convert the images to one of the following 
formats (note the resolution requirements for line drawings, halftones, and 
line/halftone combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 
300 dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color 
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or grayscale), keep to a minimum of 500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 
typically have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content.  

Color artwork  

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), 
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with 
your accepted article, you submit usable color figures then Elsevier will ensure, at no 
additional charge, that these figures will appear in color online (e.g., ScienceDirect 
and other sites) regardless of whether or not these illustrations are reproduced in 
color in the printed version. For color reproduction in print, you will receive 
information regarding the costs from Elsevier after receipt of your accepted 
article. Please indicate your preference for color: in print or online only. Further 
information on the preparation of electronic artwork.  

Figure captions  

Ensure that each illustration has a caption. Supply captions separately, not attached 
to the figure. A caption should comprise a brief title (not on the figure itself) and a 
description of the illustration. Keep text in the illustrations themselves to a minimum 
but explain all symbols and abbreviations used.  

Text graphics  

Text graphics may be embedded in the text at the appropriate position. If you are 
working with LaTeX and have such features embedded in the text, these can be left. 
See further under Electronic artwork.  

Tables  

Please submit tables as editable text and not as images. Tables can be placed either 
next to the relevant text in the article, or on separate page(s) at the end. Number 
tables consecutively in accordance with their appearance in the text and place any 
table notes below the table body. Be sparing in the use of tables and ensure that the 
data presented in them do not duplicate results described elsewhere in the article. 
Please avoid using vertical rules.  

References  

Citation in text  

Please ensure that every reference cited in the text is also present in the reference 
list (and vice versa). Any references cited in the abstract must be given in full. 
Unpublished results and personal communications are not recommended in the 
reference list, but may be mentioned in the text. If these references are included in 
the reference list they should follow the standard reference style of the journal and 
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should include a substitution of the publication date with either 'Unpublished results' 
or 'Personal communication'. Citation of a reference as 'in press' implies that the item 
has been accepted for publication.  

Web references  

As a minimum, the full URL should be given and the date when the reference was 
last accessed. Any further information, if known (DOI, author names, dates, reference 
to a source publication, etc.), should also be given. Web references can be listed 
separately (e.g., after the reference list) under a different heading if desired, or can 
be included in the reference list.  

Reference management software  

Most Elsevier journals have their reference template available in many of the most 
popular reference management software products. These include all products that 
support Citation Style Language styles, such as Mendeley and Zotero, as well as 
EndNote. Using the word processor plug-ins from these products, authors only need 
to select the appropriate journal template when preparing their article, after which 
citations and bibliographies will be automatically formatted in the journal's style. If no 
template is yet available for this journal, please follow the format of the sample 
references and citations as shown in this Guide.  

Users of Mendeley Desktop can easily install the reference style for this journal by 
clicking the following link: 
http://open.mendeley.com/use-citation-style/human-movement-science 
When preparing your manuscript, you will then be able to select this style using the 
Mendeley plug- ins for Microsoft Word or LibreOffice.  

Reference style 
Text: Citations in the text should follow the referencing style used by the American 
Psychological Association. You are referred to the Publication Manual of the 
American Psychological Association, Sixth Edition, ISBN 978-1-4338-0561-5, copies 
of which may be ordered online or APA Order Dept., P.O.B. 2710, Hyattsville, MD 
20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.  

List: references should be arranged first alphabetically and then further sorted 
chronologically if necessary. More than one reference from the same author(s) in the 
same year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of 
publication. 
Examples:  

Reference to a journal publication: 
Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a 
scientific article. Journal of Scientific Communications, 163, 51–59. 
Reference to a book: 
Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: 
Longman, (Chapter 4). 
Reference to a chapter in an edited book: 
Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your 
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article. In B. S. Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 
281–304). New York: E-Publishing Inc. 
Reference to a website: 
Cancer Research UK. Cancer statistics reports for the UK. (2003). 
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ Accessed 
13.03.03.  

Journal abbreviations source  

Journal names should be abbreviated according to the List of Title Word 
Abbreviations.  

Video  

Elsevier accepts video material and animation sequences to support and enhance 
your scientific research. Authors who have video or animation files that they wish to 
submit with their article are strongly encouraged to include links to these within the 
body of the article. This can be done in the same way as a figure or table by referring 
to the video or animation content and noting in the body text where it should be 
placed. All submitted files should be properly labeled so that they directly relate to the 
video file's content. In order to ensure that your video or animation material is directly 
usable, please provide the files in one of our recommended file formats with a 
preferred maximum size of 150 MB. Video and animation files supplied will be 
published online in the electronic version of your article in Elsevier Web products, 
including ScienceDirect. Please supply 'stills' with your files: you can choose any 
frame from the video or animation or make a separate image. These will be used 
instead of standard icons and will personalize the link to your video data. For more 
detailed instructions please visit our video instruction pages. Note: since video and 
animation cannot be embedded in the print version of the journal, please provide text 
for both the electronic and the print version for the portions of the article that refer to 
this content.  

Supplementary material  

Supplementary material can support and enhance your scientific research. 
Supplementary files offer the author additional possibilities to publish supporting 
applications, high-resolution images, background datasets, sound clips and more. 
Please note that such items are published online exactly as they are submitted; there 
is no typesetting involved (supplementary data supplied as an Excel file or as a 
PowerPoint slide will appear as such online). Please submit the material together 
with the article and supply a concise and descriptive caption for each file. If you wish 
to make any changes to supplementary data during any stage of the process, then 
please make sure to provide an updated file, and do not annotate any corrections on 
a previous version. Please also make sure to switch off the 'Track Changes' option in 
any Microsoft Office files as these will appear in the published supplementary file(s). 
For more detailed instructions please visit our artwork instruction pages.  

Data in Brief  
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Authors have the option of converting any or all parts of their supplementary or 
additional raw data into one or multiple Data in Brief articles, a new kind of article that 
houses and describes their data. Data in Brief articles ensure that your data, which is 
normally buried in supplementary material, is actively reviewed, curated, formatted, 
indexed, given a DOI and publicly available to all upon publication. Authors are 
encouraged to submit their Data in Brief article as an additional item directly 
alongside the revised version of their manuscript. If your research article is accepted, 
your Data in Brief article will automatically be transferred over to Data in Brief where 
it will be editorially reviewed and published in the new, open access journal, Data in 
Brief. Please note an open access fee is payable for publication in Data in Brief. Full 
details can be found on the Data in Brief website. Please use this template to write 
your Data in Brief.  

Database linking  

Elsevier encourages authors to connect articles with external databases, giving 
readers access to relevant databases that help to build a better understanding of the 
described research. Please refer to relevant database identifiers using the following 
format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 
1XFN). More information and a full list of supported databases.  

AudioSlides  

The journal encourages authors to create an AudioSlides presentation with their 
published article. AudioSlides are brief, webinar-style presentations that are shown 
next to the online article on ScienceDirect. This gives authors the opportunity to 
summarize their research in their own words and to help readers understand what 
the paper is about. More information and examples are available. Authors of this 
journal will automatically receive an invitation e-mail to create an AudioSlides 
presentation after acceptance of their paper.  

Interactive plots  

This journal enables you to show an Interactive Plot with your article by simply 
submitting a data file. Full instructions.  

AFTER ACCEPTANCE  

Proofs  

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding 
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