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Abstract


Background: Endurance runners use strength training alongside endurance running as a part of their structured training (Moir et al., 2019). Questions remain as to whether concurrent strength and endurance training may improve performance in endurance runners, more than endurance training alone (Trowell et al., 2020). The main objective of this review was to conduct a systematic search to critically review whether concurrent strength and endurance training improved running performance.  
Methods: A systematic search of ProQuest Central and Pub-Med was undertaken to find relevant studies completed around the subject of ‘Elite endurance running AND strength’, ‘Strength AND elite endurance running’, and ‘Elite endurance running AND performance’. All data would be extracted from the eligible studies and analysed to find a significant link between concurrent strength and endurance training, and the effects on running performance. The study quality was determined by using the assessment of multiple systematic reviews 2 (AMSTAR 2), Physiotherapy Evidence Database (PEDro), and the Cochrane risk of bias tool (RoB 2.0).
Results: 8 of the 4779 studies met the eligibility criteria for inclusion to the systematic review. The 8 studies included 1772 participants in total. Significant changes were found during 10km running speed, with an increase of 2.5% (P <0.039), running economy 3.93±1.19% (P <0.001), and maximal aerobic speed increased by 0.6 km/h (P <0.05). 
Conclusion: This was an in depth review of the effects of strength training on elite level endurance runners. Strength training may facilitate performance and improve running economy, which is closely related to performance (Trowell et al., 2020). Although this review found evidence to support the use of strength training for improved endurance running performance, more evidence is needed to establish the foundation for strength training, and the specific requirements for endurance running.
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Introduction

Concurrent strength and endurance running is a widely discussed topic amongst coaches and researchers within sport (Trowell et al., 2020). There are a wide range of opinions to whether additional strength training can provide endurance runners with any beneficial adaptations to improve overall running performance (Trowell et al., 2020). Elite endurance runners require a vast amount of physiological and biomechanical factors to compete at the highest levels, with running economy thought to be the most important factor of performance (Ferrauti, Bergermann, and Fernandez-Fernandez, 2010; Gordon et al., 2017). Maximal oxygen uptake (VO2-max) and Lactate threshold are used to measure aerobic fitness, with both tests closely related to running economy (Beattie et al., 2014). Running economy has been defined as oxygen uptake required to perform at sub-maximal velocity, However, there are many more components that fulfil the ability to achieve absolute running economy (Smoliga, 2017; Beattie et al., 2014). Strength training has previously been thought to influence certain components of running economy such as increased energy transfer which may speed up ground reaction forces (Ferrauti, Bergermann, and Fernandez-Fernandez, 2010). Along with running economy, VO2 max and lactate threshold have also been considered vital components to endurance performance in elite runners (Vorup et al., 2016). Strength training is believed to improve lactate threshold in long distance runners, however, earlier studies suggested that strength training only improved the lactate threshold in untrained runners, with no evidence to support improvements in the trained endurance runners (Vorup et al., 2016). The results shown in untrained endurance runners was believed to be a result of improved muscle oxidative capacity (Vorup et al., 2016). Previous studies found that increasing muscular strength may increase power, with power being influenced by neuromuscular coordination, this may result in the skeletal muscle of runners to become more efficient (Beattie et al., 2014; Karp, 2010; Doma, Deakin, and Bentley, 2017; Moore, 2016). 

Strength and endurance training is also believed to improve range of movement in knee flexion, plantar flexion, knee extension and overall leg strength in endurance runners more than running alone (Trowell et al., 2020). This may improve muscle biomechanics and length tension relationship, which may positively affect the overall force and leg swing length in endurance runners (Trowell et al., 2020). According to one systematic review, endurance training needs to incorporate three elements of training, long slow distance running (LSD), tempo running, and interval running (Beattie et al., 2014). This training may improve O2 transportation and utilisation, therefore, increasing VO2 max, which may improve lactate threshold and facilitate improvements in running performance (Beattie et al., 2014). Strength training should incorporate a mixture of explosive weight training, resistance training, and speed training to improve reactive running strength (Beattie et al., 2014). This type of training may improve neuromuscular capacity, therefore, facilitating improvements in morphological factors such as, musculotendinous stiffness, motor unit recruitment, and intra/intermuscular coordination (Beattie et al., 2014). With strength training improving anaerobic power and capacity, it is believed to influence changes in lactate threshold and running economy, which may result in overall improvements in endurance running performance (Beattie et al., 2014; Moore, 2016).

This assignment will review the efficacy of concurrent strength and endurance training on running performance, and how strength facilitates the required physiological adaptations to improve endurance running in elite athletes.

Terminology. 

VO2 max – Maximal oxygen uptake (Swinnen, Kipp, and Kram, 2018).
Running economy – Amount of oxygen or energy to run at sub-maximal pace.
Lactate threshold – The intensity at which blood lactate begins to increase rapidly.
Tempo running – Running at a pace slightly below lactate threshold.
Interval running – Structured bouts of running intervals, followed by periods of rest.
Endurance running – Long slow running to increase running endurance (Vorup et al., 2016; Blagrove, Howatson, and Hayes., 2018; Silva et al., 2018; Moore, 2016). 




Methods

Primary outcomes

To investigate the effects of concurrent strength and endurance training on performance in elite endurance runners.  

Identification of studies 

A systematic search of ProQuest Central and Pub-Med was conducted to establish studies completed around the subject of ‘Elite endurance running AND strength’, ‘Strength AND elite endurance running’, and ‘Elite endurance running AND performance’. The search timeline was restricted to the dates of 2014-2021 to limit the amount studies and provide the most up to date research on strength training and running. The restrictions would also allow the individual author to limit the search to the most relevant studies for inclusion. Each individual study would be examined carefully by the author to extract any relevant data related to the improvements of running performance from additional strength training. The studies would then be critically appraised to filter any required information for inclusion to the systematic review. Studies meeting the inclusion criteria would be included, whilst studies not meeting the eligibility criteria would be excluded from the review.  

Eligibility criteria 

The systematic review ‘Does concurrent strength and endurance training improve overall performance in endurance runners’ was an independent systematic review. The systematic search was conducted by the author to establish eight reviews with specific eligibility criteria to the review subject. All studies that included the following eligibility criteria would be deemed suitable.

1: The systematic search would be restricted to the dates of 2014-2021.
2: The study must be peer reviewed under the search criteria.
3: The research must declare no risk of bias. 
4: There would be no restrictions to subjects age.  
5: The study would include both quantitative and qualitative data.
6: All articles must be available in full text.
7: Subjects may be both male and female.
8: All studies must be based on well trained or elite endurance runners.
9: All studies must include a type of strength training with endurance running.

The systematic review would use a PRISMA flow diagram to identify the studies eligible for the inclusion to the systematic review (figure 1).  

Figure 1. The PRISMA flow diagram as used by (Trowell et al., 2020).
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Figure 3. The PRISMA flow diagram used to filter the eligibility criteria.

Study quality of eligible assessments  

The author of this systematic review used the assessment of multiple systematic reviews (AMSTAR 2) checklist to assess the quality of relevant studies, this checklist would determine whether the systematic reviews, with or without meta-analysis used in this systematic review were eligible for inclusion. AMSTAR 2 is a checklist based on 16 questions to be considered by the author to determine the eligibility of the studies used in this review (Beattie et al., 2014). This systematic review included two systematic reviews with meta-analysis (Trowell et al., 2020; Denadai et al., 2017), two systematic reviews (Blagrove, Howatson, and Hayes., 2018; Beattie et al., 2014), and one narrative review (Doma et al., 2019). Total amount of reviews eligible for the AMSTAR 2 checklist (n=5). The 16 questions are listed below.  

(1) Did the research questions and inclusion criteria for the review include the components of PICO? (Problem, Intervention, Comparison, Outcome). (2) Did the report of the review contain explicit statement that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol? (3) Did the review authors explain their selection of the study design for the inclusion of the review? (4) Did the review authors use a comprehensive literature search strategy? (5) Did the review authors perform study selection in duplicate? (6) Did the review authors data extraction in duplicate? (7) Did the review author provide a list of excluded studies and justify the exclusions? (8) Did the review authors describe the included studies in adequate detail? (9) Did the review authors use satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review? (10) Did the review authors report on the sources of funding for studies included in the review? (11) If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results for RCT – NRSI? (12) If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of meta-analysis or other evidence synthesis? (13) Did the review authors account for RoB in individual studies when interpreting/ discussing the results of the review? (14) Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review? (15) If they performed quantitative synthesis dd the review authors carry out an adequate investigation of public bias (Small study bias) and discuss its likely impact on the results of the review? (16) Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review? Scores would be classed as high, moderate, low, critically low in quality. 

All 16 questions on the AMSTSAR 2 checklist can be found below (Table 1).

Table 1. AMSTAR 2 checklist criteria (Trowell et al., 2020).
	
Quality criteria
	
(Trowell et al., 2020).
	
(Blagrove, Howatson, and Hayes., 2018).
	
(Beattie et al., 2014).
	
(Doma et al., 2019).

	
(Denadai et al., 2017).

	1
	Yes
	Yes
	Yes
	No
	Yes

	2
	Yes
	Yes
	Yes
	Yes
	Yes

	3
	Yes
	Yes
	Yes
	Yes
	Yes

	4
	Yes
	Yes
	Yes
	Yes
	Yes

	5
	Yes
	Yes
	Yes
	Yes
	Yes

	6
	Yes
	Yes
	Yes
	Yes
	Yes

	7
	Yes
	Yes
	Yes
	Yes
	Yes

	8
	Yes
	Yes
	Yes
	Yes
	Yes

	9
	Yes
	Yes
	No
	No
	Yes

	10
	Yes
	Yes
	Yes
	Yes
	Yes

	11
	Yes
	No
	No
	No
	Yes

	12
	Yes
	No
	No
	No
	Yes

	13
	Yes
	No
	No
	No
	Yes

	14
	Yes
	Yes
	Yes
	No
	Yes

	15
	Yes
	No
	Yes
	No
	Yes

	16
	Yes
	Yes
	Yes
	Yes
	Yes

	
	
	
	
	
	

	Total score                   
	16
High
	12
Moderate
	12
Moderate 
	9
Moderate
	16
High




Physiotherapy Evidence Database (PEDro) was used to determine the eligibility for the RCT’s included within this review. This would include 11 questions based on the study included to check the eligibility criteria and assess the study quality for this literature review listed below (Table 2). The listed questions for eligibility criteria would be the following, (1) Eligibility criteria were specified. (2) Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order. (3) Allocation was concealed. (4) The groups were similar at baseline regarding the most important prognostic indicators. (5) There was blinding of all subjects. (6) There was blinding of all therapists who administered the therapy. (7) There was blinding of all assessors who measured at least one key outcome. (8) Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups. (9) All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by “intention to treat”. (10) The results of between-group statistical comparisons are reported for at least one key outcome. (11) The study provides both point measures and measures of variability for at least one key outcome.

Table 2. PEDro checklist to establish the eligibility criteria for this review (n=8).
	
Quality criteria


	
(Trowell et al., 2020).
	
(Blagrove, Howatson, and Hayes, 2018)
	
(Beattie et al., 2014).
	
(Vorup et al., 2016).
	
(Damasceno et al., 2015).
	
(Vikmeon et al., 2016).
	
(Doma et al., 2019).

	
(Denadai et al., 2017).

	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	2
	No
	No
	No
	Yes
	Yes
	Yes
	No
	Yes

	3
	No
	No
	No
	Yes
	No
	No
	No
	No

	4
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No
	No

	5
	No
	No
	No
	No
	No
	No
	No
	No

	6
	No
	No
	No
	No
	No
	No
	No
	No

	7
	No
	No
	No
	No
	No
	No
	No
	No

	8
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	9
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	10
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	11
Score
	Yes
(6)
	Yes
(5)
	Yes
(6)
	Yes
(8)
	Yes
(7)
	Yes
(7)
	Yes
(3)
	Yes
(6)



The PEDro scoring system to establish the quality of the 8 studies including in the systematic review, studies scoring 0-3 were deemed low quality, 3-5 fair, and 6-11 were deemed of a high quality (Blagrove, Howatson, and Hayes., 2018). One study was of low quality, one fair, with 6 studies deemed high quality studies for review. 

Risk of bias in eligible screened studies. 

This review would use a Cochrane risk of bias tool (RoB 2.0) to determine whether the studies eligible for inclusion were regarded as high, some. or low risk (Trowell et al., 2020).This would indicate whether the individual studies eligible for review were at any risk of bias. High risk of bias may damage the integrity of the study’s outcome (Trowell et al., 2020). RoB 2.0 would include 7 questions for the research articles used. (1) Random sequence generation (Selection bias). (2) Allocation concealment (Selection bias). (3) Blinding of participants and research personnel (Performance bias). (4) Blinding of outcome assessment (Detection bias). (5) Incomplete outcome data missing. (6) Selection of reporting bias (Reporting bias). (7) Any other bias. (Table 3). The scoring system would be listed as ‘low’, ‘some’, or ‘high’ to establish the levels of bias within the individual studies (Beattie et al., 2014). 

Table 3. Cochrane risk of bias tool to assess study bias (n=8; Beattie et al., 2014).  
	Study
	1
random sequence generation
	2
Allocation concealment
	3
Blinding of participants & research personnel
	4
Blinding of outcome assessment
	5
Incomplete outcome data missing.
	6
Selection of reporting bias
	7
Any other bias 

	(Trowell et al., 2020).
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	(Blagrove, Howatson, and Hayes, 2018).
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	(Beattie et al., 2014).
	Low
	Low
	Low
	Low
	Low
	Low
	some

	(Vorup et al., 2016).
	Low
	Some
	Low
	Some
	Low
	Low
	Low

	(Damasceno et al., 2015).
	Low
	Some
	Low
	Some
	Low
	Low
	Low

	(Vikmeon et al., 2016).
	Low
	High
	High
	High
	Low
	Low
	Some

	(Doma et al., 2019).
	Low
	Low
	Low
	Low
	Low
	Low
	Low

	(Denadai et al., 2017).
	Low
	Low
	Low
	Low
	Low
	Low
	Some


       
The results of risk of bias would show 3 studies with low risk (Trowell et al., 2020; Blagrove, Howatson, and Hayes, 2018; Doma et al., 2019), 4 studies with some risk of bias (Beattie et al., 2014; Vorup et al., 2016; Damasceno et al., 2015; Denadai et al., 2017), with Vikmeon et al., (2016) showing a high risk of bias.  

Results 

Summary of the systematic search

The systematic search found a total of 4779 results from two databases, PubMed and ProQuest Central. 8 of the 4779 results found were based specifically around the subject of concurrent strength and endurance training to improve running performance. 4771 of the articles were removed based on abstract and title, leaving 8 studies eligible for the systematic review (Table 4). 

Table 4. Summary of research studies (n=8). 
	Study/ Study type
	Participants
	Methods
	Results
	Outcome

	(Trowell et al., 2020).
Systematic review with meta-analysis
	Total number of participants 
(n=493).
	A systematic review with meta-analysis using 7 electronic databases (493 participants) to evaluate the effects of concurrent strength and endurance training on running performance.
	strength and endurance training increased Knee flexion [95% CI 0.48, 1.30], (p<0.001), and plantar flexion  [95% CI 0.21, 1.26], (p<0.006), knee extension strength [95% CI 0.29, 1.09], (p<0.001), and squat strength [95% CI 0.13, 1.12], (p<0.010).
	concurrent strength and endurance training may improve strength and flexibility in endurance runners however, this may not improve overall running performance. More research is needed to establish whether there are any benefits to Concurrent strength and endurance training and overall  endurance running performance. 

	(Blagrove, Howatson, and Hayes, 2018)
Systematic review
	Total number of participants 
(n=469).
	A systematic review using 24 studies from 3 electronic databases to establish whether strength training improves running performance. 
	Running economy was improved by 2-8%, strength was also improved, however, there were no improvements in VO2 max or blood lactate. 
	2-3 strength sessions per week may positively effect running economy and improve performance in middle to long distance runners.

	Beattie et al., 2014).
Systematic review
	Total number of participants 
(n=446)
	A systematic review of 26 papers from 4 electronic databases (446 participants) to establish whether strength training improved endurance performance. 
	Improvements were found in time trial performance (P <0.05), VO2 max, strength, and running economy. 3km and 5km running (P <0.01), 400m interval and yo-yo tests by 5%.
	The inclusion of strength training may improve overall running economy and endurance performance.

	(Vorup et al., 2016).
RCT
	Total number of participants 
(n=16).
	A randomised control trial to investigate the effects of combined strength and endurance training.
	Combined strength and endurance training improved intermittent recovery (P <0.01). Maximal aerobic speed was also improved by 0.6 km/h (P <0.05).
	Combining strength training with endurance training may improve muscular adaptations related to anaerobic capacity in endurance runners. 

	(Damasceno et al., 2015).
RCT
	Total number of participants 
(n=18)
	A randomised control trial to analyse the impact of an 8 week strength training plan on neuromuscular characteristics and pacing in endurance runners. 
	10km running speed was 2.5% quicker (2.9±0.8) (P<0.013) in the strength training group, with all improvements in the last 7 laps, suggesting improved resistance to fatigue. 
	Strength training may counteract fatigue in endurance runners, therefore, may improve overall 10km performance in runners. 

	(Vikmeon et al., 2016)
RCT
	
Total number of participants 
(n=19)
	
A randomised control trial to investigate the effects of adding strength training to endurance training on running performance.
	
Although increases in strength were found, the study found no difference in VO2 max, running economy, or performance over 40 minutes of running.
	
The study found that adding heavy strength training did not affect performance over 40 minutes of running in short term concurrent strength training. 

	(Doma et al., 2019)
Narrative review
	Total number of participants 
(n=0)
	A narrative review to investigate studies based on concurrent strength and endurance training. 
	Endurance training may be impeded by concurrent strength and endurance training. The quality of endurance training may suffer with additional strength training. 
	Chronic endurance developments may not be possible without adequate rest periods between strength sessions. 

	(Denadai et al., 2017).
Systematic review
With meta-analysis 
	Total number of participants 
(n=311)
	A systematic review to establish whether explosive and heavy weight training improve running economy. 
	Concurrent explosive, resistance, and endurance training improved running economy by 3.93% ± 1.19% (P <0.001).
	Running economy may be improved by adding a weekly plan of low volume explosive and resistance training. 



Synthesis of eligible results. 

The results found improvements in running economy throughout the 8 studies, with the most significant result showing 20/24 improvements in running economy by 2-8% (Blagrove, Howatson, and Hayes, 2018). Changes in VO2 max were limited, with 1 significant change (4.9%) in VO2 from 24 studies (Blagrove, Howatson, and Hayes, 2018). Beattie et al., (2014) found improvements in both running economy and VO2 max, however, VO2 max was not considered to change with strength training in most studies (Blagrove, Howatson, and Hayes, 2018). Strength improved in most studies that included a type of strength or resistance training (Blagrove, Howatson, and Hayes, 2018). Running performance was the most improved amongst included studies in distances between 1.5-10km (Blagrove, Howatson, and Hayes, 2018). Performance significantly improved in 3km (P <0.05), 5km (P <0.05), 400m interval and yo-yo tests also improved by 5% (P <0.01; Beattie et al., 2014). Maximal aerobic speed was also improved by 0.6 km/h (P <0.05; Vorup et al., 2016). Concurrent explosive, resistance, and endurance training improved running economy by 3.93% ± 1.19% (P <0.001; Denadai et al., 2017), 10km running speed was found to be 2.5% quicker in the strength training group when compared to the endurance running only group (Damasceno et al., 2015). The resistance training included a wide variety of training from explosive resistance training, to controlled resistance training with a range of 2-12 sets of 4-25 repetitions throughout the studies.  

Discussion 

Strength training and elite endurance running improvements.

Strength training is believed to improve the performance of elite level endurance runners more than endurance training alone (Trowell et al., 2020; Boullosa et al., 2020; Panissa et al., 2018). Strength training may facilitate biomechanical adaptations, and neuromuscular improvements that may result in future performance improvements, however, the foundation for the improvements to endurance runners are unclear (Trowell et al., 2020; Li et al., 2019). During a systematic review with meta-analysis on concurrent strength and endurance training, it was established that there was no evidence to suggest that strength training mixed with regular endurance training improved endurance performance (Trowell et al., 2020). The total number of participants included within the 25 eligible studies was 493, with a mix of female and male participants (Trowell et al., 2020). Participants with a VO2 max of ≥55/kg/min were deemed trained runners, whilst runners with a VO2max of <55/kg/min were deemed untrained runners (Trowell et al., 2020). The review found that concurrent strength and endurance training increased Knee flexion [95% CI 0.48, 1.30], (p<0.001), and plantar flexion  [95% CI 0.21, 1.26], (p<0.006), knee extension strength [95% CI 0.29, 1.09], (p<0.001), and squat strength [95% CI 0.13, 1.12], (p<0.010), was also improved (Trowell et al., 2020). Although many of these improvements are related to running, there was no evidence of the improvements in strength and increased range of movement (ROM) facilitating improvements in endurance running (Trowell et al., 2020). Moreover, although ROM was improved, stride length did not change (Trowell et al., 2020).

Blagrove, Howatson, and Hayes, (2018) reported that strength training created improvements in maximal and explosive strength, this increased motor unit recruitment, which may improve endurance running by speeding up ground reaction forces. The strength training included heavy resistance training (2-12 sets of 4-15 repetitions), plyometric training, and explosive resistance training (Blagrove, Howatson, and Hayes, 2018; Leonardo-Coelho and Blagrove, 2020). During this systematic review it was established that running economy was improved by 2-8% in 20/24 of the studies, time trial performance was improved with strength training in running distances from 1.5-10km, however, VO2 max, and blood lactate were unaffected by strength training (Blagrove, Howatson, and Hayes, 2018; Alexander, Barton, and Willy, 2018). This puts the findings of improved running economy into question, VO2 max is a vital component of running economy but was found to be largely unaffected by strength training despite improvements of running economy (Blagrove, Howatson, and Hayes, 2018). This contradicts an earlier study by Beattie et al., (2014), which studied the effects of strength training on endurance running performance. The study found that strength training improved performance, running economy, and VO2 max (Beattie et al., 2014; Silva et al., 2018). 

Muscular adaptations may play a role in the effects of strength training and the improvements in performance with endurance running (Vorup et al., 2016). With 8 weeks of normal to moderate strength training additional to endurance training, maximal aerobic speed improved by 0.6 km/h (P <0.05). The study also found that blood lactate was improved by 32% (P <0.05), with time to exhaustion also improved by 19% (P <0.01). However, there was no change in 10km performance during the trial, this may suggest that although maximum aerobic speed was improved, it may not be sustainable enough to improve endurance performance in runners. This outcome was also found during a randomised control trial by Vikmeon et al., (2016) on elite female endurance runners (VO2 max 53±3 ml/kg/min). After 11 weeks of heavy strength training twice per week, the distance over 40 minute self-paced time trial did not change, although strength was increased, there were no changes in VO2 max or running economy (Vikmeon et al., 2016). Moreover, additional strength training may result in sub-optimal endurance development (Doma et al., 2019). The neuromuscular effects from strength training have also been analysed over the distance of 10km (Damasceno et al., 2015). This study based on 8 weeks of strength training found that peak treadmill pace improved by 2.9±0.8% (P <0.013), moreover, 10km was 2.5% quicker that the control group (P <0.039), this contradicts what was found in a later study by Vorup et al., (2016). 

Concurrent strength and endurance training was found to be effective at improving running economy during a systematic review with meta-analysis by Denadai et al., (2017), running economy was improved by 3.93±1.19% (P <0.001). The study concluded that concurrent strength and endurance training may improve endurance running in as little as 6-8 weeks, however, it was also stated that longer periods of concurrent strength and endurance training would achieve better results (Denadai et al., 2017). This may be related to studies that have shown no changes in performance after the inclusion of additional strength training, it may be that the studies did not include a long enough period of training to facilitate changes. The question remains to whether concurrent strength and endurance training can facilitate running performance or would block training be of more use (Molmen, Ofsteng, and Ronnestad, 2019; Skovgaard et al., 2018). 

Conclusion

The application of concurrent strength and endurance running may have benefits to endurance runners wanted to improve running economy and performance (Blagrove, Howatson, and Hayes, 2018). Strength training may be able to create physiological adaptations to increase VO2 max, running economy, and neuromuscular adaptations to increase performance (Blagrove, Howatson, and Hayes, 2018). Although it was established that concurrent strength and endurance training may improve running performance, more research is needed to establish the period of training that is needed to provide endurance runners with the necessary physiological adaptations to improve endurance running (Denadai et al., 2017).


Practical application.

Concurrent strength and endurance training may improve endurance running performance.
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