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	SUMMARY
	FOREWORD BY JAMES FISHER
	Chris Beardsley says...
	James Fisher says…
	The present piece represents a sound review of the body of literature surrounding resistance training for muscular hypertrophy.
	What are the problems in the literature?
	Unequivocally, this area of research is hindered with difficulties in comparing studies, whether that be differing methods of measuring hypertrophy, or the statistical analyses (which of course are further limited by under-powered research studies). A vast majority of research considering resistance training has utilized untrained participants, potentially to the bias of the scientist seeking significant values which make their research more attractive to publication.
	Where should future research focus?
	Further research should certainly consider trained participants, over longer duration interventions, as well as the inclusion of more realistic workouts (e.g. full body, or multiple exercises, as opposed to single exercises).
	What is the most important training variable?
	In my own review in 2013, and from the present piece it appears that intensity of effort, or training to muscular failure appears the most significant controllable variable; this is supported by the evidence and is logical in the sequential recruitment according to the well established size principle with the goal being maximal recruitment of motor units and thus muscle fibers.
	What is the most important uncontrollable variable?
	Of course the most significant, but uncontrollable variable, is that of our genetics; by understanding that we are not identical directs us on a path to seek our own individually prescriptive training routine. Other variables might affect growth to a varying degree; however limitations in the literature hinder definitive conclusions. A muscle does not recognize a difference between resistance types, and a maximal repetition is maximal whether it is a single repetition or the final repetition in a set.
	How should we move forwards?
	In my opinion, reviews of research such as this provide an excellent foundation which we should consider with intellectual analysis, addressing the application of the discussed principles honestly in our training and recording our progress as we try different methods.
	INTRODUCTION
	Chris Beardsley says…
	What are long-term studies important?
	What do long-term studies investigate?
	What is the point of reviewing long-term studies?
	What does this review add?
	What factors do have an effect?
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	1. TRAINING FOR HYPERTROPHY
	Relative load
	Introduction
	What is the background?
	Why do we need to know what training studies say?
	How does relative load affect hypertrophy?
	Relative load continued...
	Relative load continued...

	What is the summary of findings?
	What is the bottom line?
	What are the practical implications?

	Volume
	Introduction

	Along with training to failure, or the importance of heavy loads, the effect of training volume on hypertrophy is a highly contentious area for strength and conditioning professionals, bodybuilding coaches and personal trainers. Here is a summary of what we know…
	What is the background?

	Chronic training studies measuring the effect of different training variables on hypertrophy, including volume, are few and far between. Additionally, there are various problems associated with this area of literature, most notably that gains in hypertrophy are much smaller than gains in strength and that such gains tend to display a great deal of variability between subjects (e.g. Hubal, 2005). Moreover, trials tend to involve relatively few subjects over short durations. These factors indicate that the risk of type II error (failure to identify a significant difference) is high in chronic training studies investigating hypertrophy, as Krieger (2010) in fact noted in a recent meta-analysis. Krieger (2010) observed that there is a risk that if studies are consistently performed reporting no-significant effects as a result of a variable, this could lead to a false impression of the true effect of that factor, if those studies are deemed to be underpowered. This, therefore, was the basis for performing a meta-analysis, at the end of which he concluded that multiple sets are associated with 40% greater hypertrophy-related effect sizes than single sets, in both trained and untrained subjects. However, Fisher (2012) has offered a detailed critique of the meta-analysis by Krieger.
	Fisher suggested that the meta-analysis did not control or analyze the training status of the individuals concerned, which as observed above might make a marked difference to the ability to gain muscle mass in the short-term. Fisher also proposed that different relative loads were used in the studies, ranging from 6 – 8RM through to 15 repetitions, although as we will see later on the topic of relative load, this might not be expected to make a substantial difference. On the technical side, Fisher also draws attention to the fact that there were wide ranges of measurement methods used in the studies, some of which have greater validity than others. Finally, Fisher concludes saying that “researchers should be careful of meta-analysis that provides a single statistic proving something that no empirical study within that meta-analysis is able to support”. Indeed, it is important to note that only two of the eight studies in the meta-analysis support the use of multiple sets and only then in lower body training in untrained subjects. However, against this criticism, we must weigh the high risk of type II error when measuring hypertrophy, meaning that it is very easy to perform studies showing no effect.
	What is the effect of volume on hypertrophy?

	The following chronic training studies have explored the effects of different volumes of training in both untrained and trained individuals. This analysis is divided into two sections. The first section of eight studies covers those trials included in the meta-analysis by Krieger (2010). The second section covers those trials published since that date, which were not included in that meta-analysis.
	Galvão (2005) performed a randomized trial in 28 community-dwelling men and women aged 65 – 78 years. The subjects were allocated to either a 1-set or a 3-set group and both groups performed progressive resistance training consisting of seven exercises targeting the major muscle groups of the upper and lower body on exercise machines two times per week for 20 weeks using an 8RM load. The researchers reported that there was no difference between groups in respect of the change in body composition.
	Marzolini (2008) compared resistance training in 1-set or 3-set groups, when combined with aerobic training in 72 individuals with coronary artery disease, although only 53 subjects with a mean age of 61 ± 2 years completed the intervention. The 3-set group increased lean mass non-significantly more than the 1-set group.
	McBride (2003) compared the effects of a 12-week resistance-training program in 1-set or 6-set groups of 28 untrained males and females, training twice a week, on lean body mass of the legs and arms measured by dual energy X-ray absorptiometry. The researchers found no significant differences in lean muscle mass gains for the legs or arms.
	Munn (2005) compared the effects on arm circumference in the early phase of resistance training with 1 or 3 sets and with either fast or slow speeds. They found that 3 sets of training produced greater increases in strength than one set but no significant difference between the groups was found in respect of arm circumference, as measured by a tape measure.
	Ostrowski (1997) investigated the effects of different volumes (1 set versus 3 sets) of resistance training on muscle size over a 10-week period in 27 males with 1 – 4 years weight-training experience, training 4 days a week. Ultrasound was used to measure the cross-sectional area of the rectus femoris as well as to measure the muscle thickness of the triceps brachii. The researchers reported that there were no significant between-group differences, although there were significant increases in cross-sectional area for the rectus femoris and in muscle thickness for the triceps brachii in each of the groups.
	Volume continued...

	Rønnestad (2007) compared the effects of single- and three-set resistance-training on hypertrophy in 21 untrained males, training 3 days per week for 11 weeks using 7 – 10RM loads. It was found that thigh cross-sectional area increased more in the three-set group than in the one-set group (16 vs. 8%) but there was no significant difference between groups in respect of upper trapezius muscle cross-sectional area.
	Rhea (2002) compared 1-set and 3-set protocols of resistance-training in 16 recreationally trained young males, training 3 days per week for 12 weeks on the bench press and leg press using 4 – 8RM loads. However, neither group displayed significant changes in any of the body composition measures as a result of the training program.
	Starkey (1996) assessed the effects of different volumes of resistance-training on muscle thickness in 10 healthy but untrained subjects training 3 times per week using either one set or three sets of bilateral knee extension and knee flexion exercises, which were performed to fatigue using 8 – 12 repetitions over a 14 week period. Before and after the intervention, the researchers assessed muscular thickness at various points along the leg using B-mode ultrasound. The researchers found increases in muscle thickness for both groups in the quadriceps muscles (in the medialis for the 3-set group and in the lateralis for the 1-set group) and in the hamstrings muscles at 40% and 60% from greater trochanter to lateral epicondyle of the tibia, for both 1-set and 3-sets groups.
	Since the date of the most recent meta-analysis performed by Krieger, there have been at least three further studies performed exploring the effects of volume on hypertrophy, in various populations, as follows:
	Bottaro (2011) compared the effects of resistance training volume on the adaptations of different muscle groups in untrained young males, randomly assigned into two groups who performed either 3 sets of knee extension and 1 set of elbow flexion or 1 set of knee extensions and 3 sets of elbow flexion, training 2 days per week for 12 weeks. The researchers found that muscle thickness of the elbow flexors increased significantly for both groups while changes in muscle thickness of the quadriceps were not significant for either group. They found that although there were no significant differences between the groups, there was a non-significant trend for the higher volume group to display a greater increase than the lower volume group in respect of the elbow flexors (7.2% for the 3-set group and 5.9% for the 1-set group).
	Sooneste (2013) investigated the differential effects on hypertrophy of training both arms of the same subject in a crossover-like design with different training volumes (1 or 3 sets) in 8 sedentary, untrained young Japanese men. The subjects trained their elbow flexor muscles 2 times per week for 12 weeks using a seated dumbbell preacher curl with 80% of 1RM. The researchers reported that the 3-set protocol increased cross-sectional area significantly more than the 1 set protocol.
	Radaelli (2013) compared the effects of low- and high-volume strength training on muscle thickness of the lower- and upper-body in 20 healthy, older women. The subjects were randomly assigned into two groups: low-volume and high-volume, where the low-volume group performed 1-set of each exercise, while the high-volume group performed 3-sets of each exercise, 2 times per week for 13 weeks. The researchers found that all muscle thickness measurements of the lower- and upper-body increased similarly in both groups. However, there was a non-significant trend for the total quadriceps muscle thickness to increase by more in the high-volume group than in the low-volume group (14.3 ± 4.1% versus 8.6 ± 2.0%).
	What is the summary of findings?

	In summary, out of all 11 studies assessing the difference between low- and high-volumes of training on hypertrophy, 3 have found statistically significant benefits of using a higher volume, 7 have found non-significant benefits of using a higher volume (which may or may not be because of a type II error), and 1 study has found no benefit at all of using a higher volume, although that study used perhaps the most unreliable measurement method of hypertrophy (arm circumference). In trained subjects, the only 2 studies that have been performed so far have found non-significant benefits of using a higher volume (which again may or may not be because of a type II error).
	What is the bottom line?

	In conclusion, using multiple sets to achieve a higher volume of training appears to lead to greater hypertrophy than using either single sets or a smaller volume of training. However, the current literature is plagued by a lack of high quality studies with sufficient statistical power and this conclusion can only be drawn based on a meta-analysis of studies and based on a review of non-significant trends.
	What are the practical implications?

	Training with multiple sets to achieve a higher volume of training appears to lead to greater hypertrophy, irrespective of training status and age. Additionally, there appears to be a dose-response to volume of training to a degree, although it is not clear at what point increasing doses cease to be increasingly effective. Finally, the law of diminishing returns seems to apply to hypertrophy training: in that the first set may be the most important and each successive set offers a steadily reducing stimulus. Therefore, for those who are short of time, fewer sets may be appropriate.
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