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Can resistance training influence factors related to running performance such as running economy and time trial performance in recreational and non-elite long distance runners? A protocol for a systematic review of the literature. 

Introduction

There are many factors which can influence running performance within long distance runners. Aspects such as VO2 max, lactate threshold and running economy have been identified as the key physiological factors which can influence long distance running performance (Joyner, 1991). Numerous training methods have been implemented and utilised by endurance runners of a wide range of abilities in an attempt to influence these factors and therefore improve the athletes overall running performance. One such training intervention that has been argued extensively to be effective in influencing running performance is resistance training. It has been said that resistance training strategies such as strength training and plyometric training can be effective in improving factors such as running economy (Denadai et al., 2017) but have little effect on VO2 max and lactate threshold (Johnston et al., 1997). It is argued that of the factors associated with running performance, running economy, which is defined as the steady state VO2 for a given running velocity (Morgan et al., 1989) , has been shown to be the most important factor in the overall running performance of endurance runners. Suggested explanations for this improvement in running economy include increased motor unit recruitment patterns and muscle fibre type recruitment during running (Johnston et al., 1997). Although there is some evidence to suggest implementing strength and plyometric training within the training programmes of endurance runners can improve performance, current reviews within the area tend to have more of a focus on highly trained and elite level runners. The influence that this type of training can have on running performance may vary over the wide variety of ability levels within endurance running and therefore may not be representative of lower level athletes and recreational runners. This review aims to centre around the influence that resistance training can have on running performance factors such as running economy within recreational and lower ability level runners. The topic focused on in this review could also be said to have some wider importance with regards to general health within adult populations of recreational runners. As recreational running is associated with many health benefits (Oja et al., 2016) it can be said that it is important for participation levels in recreational athletes to be sustained. If implementing interventions such as resistance training within running training programmes can illicit improvements in running performance, this could potentially enhance the recreational runners’ motivation to train and partake in endurance running (León-Guereño et al., 2020). Maintaining levels of motivation amongst recreational athletes should therefore be of high importance with the view of preserving participation levels and bringing benefits of physical activity and reducing the risk of health problems within groups of adults (Gauffin et al., 2019). If recreational runners can include resistance training within their training programmes, they will also provoke the many health benefits which are associated resistance training such as improved cardiovascular health and reducing low density lipoprotein cholesterol (Westcott, 2012) to further improve their overall health. 

Methods 

Eligibility criteria 
Studies will be selected for inclusion within this review based on the criteria set out below. 

Population 
This review will include studies which involve male and female adult (18 years and over) recreational runners who run between 3000m and marathon distance events. The review will also include studies involving recreational triathletes as there are many similarities between factors which can affect running performance in triathletes and endurance runners. Studies which include highly trained or elite athletes will be excluded from the review as the purpose of this review is to focus on recreational and non-elite runners. 

Intervention 
Studies which involve resistance training and plyometric training programmes for recreational endurance runners with the intention of improving factors influencing their running performance will be included in the study. Any studies where running performance is not the main purpose for including resistance or plyometric training programmes will be excluded from this review. 

Control/comparator 
Studies which have a control of endurance running training with no resistance training or plyometric training will be included in the review as well as studies which involve a pre and post intervention test for running performance within the same group which is undertaking resistance training or plyometric training programmes alongside their endurance running training . Running performance outcomes will need to be reported within the studies of this review to allow for comparisons between the studies and improvements in running performances within the participants to be identified. 

Study designs 
Experimental and quasi experimental studies will be included in this review. Only studies which are written in English will be included in the review with studies written in all other languages excluded. Any case studies, systematic reviews and narrative reviews will also be excluded from the review, however, the references of current systematic reviews will be screened for studies which may be eligible for this review. Studies which are not peer-reviewed will be excluded from the review as well as studies published before the year 1995. 

Information sources 
The following databases will be searched for eligible studies for this review; SPORTDiscus, science database, PubMed, biological science database and MEDLINE. All literature searches will be constricted to studies written in the English language only and studies must have been carried out on human participants. To guarantee a full and comprehensive review of the relevant literature, the reference lists of current and related systematic reviews in this area will also be screened by the reviewer to ascertain whether any further eligible studies are available which have not been obtained through the search of the databases mentioned previously. 

Search strategy 
The search of the literature in the databases mentioned will include the terms ‘Experimental studies’ AND ‘Recreational runners OR Recreational triathletes OR Recreational running’ AND ‘Resistance training OR Strength Training OR Plyometric training’ AND ‘Running performance OR Running economy OR VO2 max OR Strength benefit’. The search will also be restricted to peer-reviewed articles between the years 1995-2020. 

Study records:
Selection process 
The abstracts of the studies which are gathered from the search will be assessed for relevance by the reviewer. Following this, the reviewer will assess the relevant studies in full and examine their eligibility for this review through the inclusion and exclusion criteria which have been identified previously within this protocol. All reasons for excluding trials will be recorded.

Data collection process 
Data collection will be conducted by the sole researcher of this review. Data relating to the sample used within the studies such as age, sex and sample size will be collected alongside characteristics of the programmes and interventions used within the studies; this will include aspects such as the time period of the intervention and the format of the sessions implemented within the study. Data will also be collected of outcomes relating to running performance, running economy, VO2 max and time trial performance from the studies used. 

Outcomes and prioritisation 
The outcomes of the studies included within this review which will be of primary interest are running performance related. Examples of the primary outcomes related to running performance that will be included are aspects such as running economy, VO2 max and time trial performance. Other outcomes of secondary importance which will also be reported on are any differences which are observed in aspects such as muscular strength and body composition which are not solely related to running performance but may have some impact. 

Risk of bias in individual studies
The Cochrane risk of bias tool will be used to assess for systematic errors within the studies used within this review. This will be independently conducted by the sole researcher of this review and will provide a bias score for each of the studies used. 

Data synthesis 
It is anticipated that the majority of the data collected from the studies will be quantitative in nature. There may be variance in the factors which are collected quantitively within the studies used which may make it difficult for comparative analysis and is therefore a potential limitation of this review. 

Meta biases 
To establish meta bias across the studies, the researcher will evaluate a number of aspects. These will include whether outcome reporting bias is present and the possible occurrence of small sample bias which may impact the results which have been reported in the study.  

Confidence in cumulative evidence 
The strength of the evidence will be considered using factors such as risk of bias through the Cochrane bias tool as well as establishing whether any meta bias is present through aspects such as small sample bias in the study. These factors will therefore establish the level of confidence in the evidence proposed through this review and whether the conclusions drawn are valid. 
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