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The manipulation of exercise volume, intensity, and order is associated with producing 

different musculoskeletal changes.  These resistance training program variables affect 

mechanical tension and metabolic stress associated with resistance training, therefore 

affecting strength and hypertrophic outcomes.  PURPOSE: The purpose of this study 

was to examine the effects of two different volume-equated total body exercise protocols 

over 9 weeks using compound exercises on muscular strength, muscle thickness, and fat-

free mass.  METHODS: Eight well-trained men were randomly assigned to a 

hypertrophy-style protocol (HG) performing 3 sets of 10 repetitions with 90 seconds rest 

between sets (n = 4) or a strength-style protocol (SG) performing 7 sets of 3 repetitions 

with 3 minutes rest between sets (n = 4).  All subjects underwent pre-, mid-, and post-

testing in body composition analysis via air displacement plethysmography and muscle 

thickness ultrasound imaging of four different sites: forearm flexors (FF), forearm 

extensors (FE), rectus femoris (RF), and vastus lateralis (VL).  Imaging was done at two 

separate areas of each muscle site: proximal and distal.  One repetition maximum (1RM) 

testing for the barbell back squat and barbell bench press was also conducted.  



 

 

RESULTS: After 9 weeks, maximal back squat increased 16.1 ± 9.2% for SG and 5.5 ± 

1.7% for HG with no significant differences observed in SG (ES = 0.84) compared to HG 

(ES = 0.31) (p = 0.70).  For the bench press, an increase of 16.0 ± 13.1% was observed in 

SG and 6.9 ± 2.7% for HG with no significant differences observed in SG (ES = 0.72) 

compared to HG (ES = 0.36) (p = 0.17).  Results for muscle thickness measurements are 

as follows: proximal FF = 2.87 vs. -6.35%, distal FF = -0.55 vs. -3.72%, proximal FE = 

7.99 vs. -2.49%, distal FE = 19.42 vs. -2.05%, proximal RF = 3.89 vs. -0.04%, distal RF 

= 4.64 vs. -4.85%, proximal VL = -2.81 vs. 8.84%, distal VL = 10.30 vs. 5.34%.  With 

the exception of the proximal forearm flexors, there were no significant differences in 

muscle thickness measurements between groups.  There were no significant differences 

in changes to fat-free mass between groups or over the course of the intervention.  

CONCLUSIONS: When training volume is roughly volume-equated, a total-body 

exercise protocol produces changes in maximal strength, most measures of muscle 

thickness, and fat-free mass that are not significantly different between strength- and 

hypertrophy-style resistance training routines. 
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CHAPTER I 

THE EFFECTS OF TWO DIFFERENT RESISTANCE TRAINING PROTOCOLS 

WITH SIMILAR VOLUME ON MUSCULAR STRENGTH, 

MUSCLE THICKNESS, AND FAT-FREE MASS 

Introduction 

For people of all ages, resistance training (RT) is a common mode of exercise 

used to improve aesthetics, function, and performance.  Oftentimes, these goals may 

include increased muscular strength and muscle hypertrophy.  When the magnitude of 

muscle protein synthesis is greater than muscle protein degradation, skeletal muscle 

hypertrophy occurs (18, 39).  Further, muscle hypertrophy plays a large role in muscular 

strength.  Despite the strong correlation with muscle cross-sectional area (CSA) and force 

production, there is a significant neuromuscular component to the acquisition of muscular 

strength (16).   

General recommendations for training for muscle hypertrophy are the use of 

moderate intensity workloads and short rest periods between sets while muscular strength 

training recommendations are the use of high intensity workloads with longer rest periods 

between sets (3).  Although these goals can be achieved through many different types of 

RT programs, different loading strategies are associated with different musculoskeletal 
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and neuromuscular adaptations (24, 38), particularly with the manipulation of volume 

and intensity. 

Exercise volume can be defined as the product of repetitions, sets, and the 

workload for a given exercise or period of training.  A greater exercise volume has been 

shown to be superior in analyses of single- vs. multiple-set protocols for muscular 

hypertrophy (23, 42) and growth hormone responses (12, 32, 36) possibly due to greater 

muscle tension, muscle damage, metabolic stress, or a combination of these variables.  

Exercise volume can be organized by using a split-body routine, wherein specific 

muscles, muscle groups, or movements are trained per session, or by using a full-body 

routine with the goal of targeting many or all major muscle groups per session.  Weekly 

training volume can be maintained with fewer sets performed per session by using a split-

body routine when compared to a full-body routine.  This format also allows for greater 

recovery time for muscle groups between training sessions.  Exercise volume can be 

greatly affected by different training frequency preferences. 

RT intensity refers to the external workload of a given exercise relative to the 

individual’s 1-repetition maximum (1RM).  An inverse relationship exists between 

exercise intensity and the number of repetitions one can perform with a given workload.  

It is well-known that regular and consistent high-intensity RT results in increases in 

maximal muscular strength (14).  Initial adaptations to RT mostly occur in the nervous 

system (21, 28), especially in regard to the development of muscular strength (32).  Even 

though there is a strong relationship between CSA and force production (27), there is a 

significant neural component to the development of strength and power (16, 22).  It is 
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even possible to increase muscle strength through neural adaptations without structural 

changes within the muscle (13, 19, 37, 41).  Experimental and analytical evidence 

suggests that a dose-response relationship exists between exercise intensity and the rate 

of gain in muscular strength (9, 17, 33).  Across many studies, the greatest increases in 

strength occur when individuals use workloads at or near their 1RM and lesser 

improvements are seen when using lighter loads (9, 11, 15, 17, 25, 26, 33, 35).  High-

intensity training loads are even more crucial for the development of muscular strength 

for well-trained or advanced individuals (33).   

Many studies have compared the effects of strength- vs. hypertrophy-oriented RT 

protocols.  Choi et al. (11) randomly assigned young men (age 29.4 ± 3.4 years) into a 

“power-up type” group performing 5 sets of 90% 1RM and 3 minutes rest or a “bulk-up 

type” group performing 9 sets of varying moderate intensities with 30 seconds rest.  The 

“bulk-up type” group experienced greater increases in muscle cross-sectional area (CSA) 

while the “power-up type” group experienced greater increases in strength.  Masuda et al. 

(26) conducted a similar study with similar results.  Important to note is that the RT 

exercise volume was considerably higher for the “bulk-up type” group.  The hypertrophic 

advantage for the “bulk-up type” groups may have been related to a greater training 

volume and not dependent on greater relative training intensities. 

Assessing muscular adaptations to volume-equated RT protocols, Chestnut and 

Docherty (10) divided 24 young untrained men performing 4 sets of 4 repetitions or 3 

sets of 10 repetitions.  At the end of the 10-week training protocol, significant increase 

were noted in both groups for strength and CSA, but no differences were seen between 
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groups.  Campos et al. (9) observed similar changes in CSA with greater maximal 

strength adaptations occurring in a low (3-5) repetition group compared to a high (9-11) 

repetition group, supporting the idea that exercise volume may be a dominant factor in 

skeletal muscle hypertrophic adaptations in untrained men.   

Only a few studies to date have compared the muscular adaptations of well-

trained men in volume-equated RT protocols.  Schoenfeld et al. (35) randomly assigned 

17 young men into a strength- (ST) or hypertrophy-style (HT) training group performing 

7 sets of 3RM with 3 minutes rest or 3 sets of 10 repetitions with 90 seconds rest, 

respectively.  After 8 weeks, the ST and HT groups experienced similar increases in 

biceps brachii thickness, but maximal strength was significantly greater for ST compared 

to HT for 1RM bench press (p < 0.05).  A trend was noted in favor of ST vs. HT for 1RM 

back squat but was not statistically significant (p = 0.19).  These results support the idea 

that exercise volume may mediate skeletal muscle hypertrophy in well-trained men.  

Mangine et al. (25) compared the effects of high-volume (4 sets of 10-12 repetitions with 

1 minute rest) to high-intensity (4 sets of 3-5 repetitions with 3 minutes rest) protocols.  

After 8 weeks, the high-intensity group experienced greater changes in upper-body lean 

mass (p = 0.037) and maximal upper-body strength (p = 0.013).  Reasons for different 

findings between these two studies lie in the exercise design and volume.  Schoenfeld et 

al. (35) used volume-equated protocols while the high-volume group in Mangine et al. 

(25) had a greater training volume than the high-intensity group.  Additionally, Mangine 

et al. (25) used the same exercise order for both groups and included more exercises per 

session than Schoenfeld et al. (35).   
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Thus far, RT research findings using well-trained men have been inconsistent.  To 

date, only a few studies have evaluated muscular adaptations using two different RT 

protocols of similar volume and the same exercise order in well-trained men.  The 

purpose of this study was add experimental data to this specific area of study and to 

examine the effects of such a protocol on upper- and lower-body muscle thickness, 

muscular strength, and fat-free mass.   

Methods 

Subjects 

Eight college-aged men (age = 20.8 ± 0.71 years; body mass = 82.8 ± 12.3 kg; 

height = 1.83 ± 0.04 m) were recruited for participation.  Subjects did not have any 

current musculoskeletal impairments and were not allergic to soy or whey protein.  

Participants reported being free from consumption of anabolic steroids or any other legal 

or illegal agents known to increase muscle size over the previous year.  All participants 

were considered to be well-trained, defined as having consistently lifted weights 3 times 

per week for a minimum of 1 year (RT experience = 3.6 ± 2.4 years). 

Subjects were pair-matched according to baseline strength and then randomly 

assigned to 1 of 2 experimental RT protocols: a strength-type group (SG) or a 

hypertrophy-style group (HG).  Baseline descriptive statistics are provided in Table 1.  

Research study approval was obtained from the Institutional Review Board.  Informed 

consent was obtained from all participants before beginning the study. 
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Resistance Training Procedures 

The resistance training protocol consisted of 3 exercises per session 3 days per 

week for a total of 9 different exercises each week.  These included 3 upper-body push 

movements (flat barbell bench press, incline barbell bench press, and decline Smith 

machine press), 3 lower-body movements (barbell back squat; barbell glute bridge; and 

unilateral barbell lunges), and 3 upper-body pull movements (wide-grip cable pull-down, 

plate-loaded machine row, and close-grip cable pull-down).  Both groups performed the 

same exercises in the same order, one from each movement category, creating a total-

body exercise routine for both groups each training session (Table 2).  Subjects were 

instructed to refrain from participating in any additional resistance-type training 

throughout the experimental protocol. 

Total volume load (total reps x load) was similar between both RT routines to 

control for the potential impact of volume on muscle thickness (MT).  Subjects trained 3 

days per week on nonconsecutive days for 9 weeks.  All sets were performed to muscular 

failure, or the inability to perform another concentric repetition while executing proper 

form, to control for equal set termination criteria for all subjects.  The 9-week 

experimental training period included 4 weeks training as described above, a deloading 

week during week 5 where the subjects used 75% of the previous week’s workloads for 2 

sessions and re-tested all measurements on the last day of the deloading week, and 4 

more weeks of the maximal experimental protocol.  All routines were directly supervised 

by the research team, consisting of at least two nationally-certified personal trainers at all 

times to ensure proper execution of the exercise protocols.  Workload adjustments were 
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made from set to set and from week to week to promote maximal exertion while 

maintaining the assigned repetition ranges.   

Exercise order was such that fatigued muscle groups were not directly trained 

from one exercise to the next.  Each session followed an upper-body push, lower-body, 

and upper-body pull exercise sequence.  Subjects in SG performed low repetitions (2-4 

repetitions with the intended target of 3 repetitions) and subjects in HG performed 

moderate repetitions (8-12 repetitions with the intended target of 10 repetitions).  

Subjects in SG were allotted 3 minutes of rest between sets while subjects in HG were 

allotted 90 seconds rest between sets per standard guidelines (3). 

Body Composition Assessment Procedures 

The BOD POD (COSMED, Chicago, IL, USA) is a seated, air-tight chamber that 

measures air displacement and the subject’s body volume to estimate fat- and fat-free 

mass (FFM). The BODPOD is a reliable and valid method of assessing body composition 

and is highly correlated with the “gold standard” methods for body composition 

assessments (5, 20, 29, 30). 

Subjects reported to the Exercise Physiology Laboratory in a 4-hour fasted state.  

The BODPOD went through a complete calibration the morning of every testing session 

before any assessments were conducted.  Weight was measured using the associated 

BOD POD scale.  Before assessing a subject’s body composition, two additional pre-

testing calibrations were completed before the subject entered the BODPOD.  Subjects 

were required to wear compression shorts and cap to minimize excess pockets of air.  

Two tests were performed each testing session and the average of the two was reported 
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by the BODPOD software if the difference in body volume was not greater than 150 mL, 

a value set by the manufacturer (5). 

Muscle Thickness Measurements 

While lying in the anatomical position, MT measurement sites were marked at 

one-third and two-thirds of the length in the midline of the muscle or muscle group of 

interest.  After applying a water-soluble transmission gel, all measurements were taken 

on the right side of the body while the subject lied in the supine or prone positions with 

the Terason T3000 M-series diagnostic ultrasound imaging system (Terason, Burlington, 

MA, USA) using B-mode ultrasonography at 12 MHz by a trained technician.  The probe 

was placed parallel to the muscle or muscle group of interest without depressing the skin 

and subcutaneous adipose tissue.  For the forearm flexors and extensors, images were 

measured from the subcutaneous adipose tissue-muscle interface to the muscle-bone 

interface.  For the rectus femoris and vastus lateralis, images were measured from the 

subcutaneous adipose tissue-muscle interface to the deep aponeurosis separating the 

superficial muscles (RF and VL) from the vastus intermedius.  This method for the 

lower-body muscles was chosen due to the 7 cm depth limitation of the diagnostic 

ultrasonography imaging unit.   

Muscular Strength Assessments 

The barbell bench press (BP) and barbell back squat (BS) using free weights were 

used to assess upper- and lower-body strength, respectively.  National Strength and 

Conditioning Association (NSCA) protocols were used for 1RM testing procedures for 

both exercises (4).  Subjects performed a general warm-up including 5-10 minutes of 
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light cardiovascular exercise and progressive loading warm-up sets of 5 repetitions at 

50% of their perceived 1RM and 2-3 repetitions at 60-80% 1RM.  Single repetitions were 

performed with increasing weight upon successful attempts with 3-5 minutes rest 

between 1RM attempts.  For 1RMBS, an attempt was considered successful when the 

subject reached parallel and was able to return to the starting position.  Parallel was 

determined by at least one research assistant with a direct lateral view of the attempt.  For 

1RMBP, five points of contact must have been maintained throughout the repetition 

attempt (head, upper back, buttocks, and both feet).  Attempts for 1RMBS were 

completed before moving on to 1RMBP.  Subjects were instructed to use the same hand 

and feet placements throughout the testing and training sessions. 

Statistical Analyses 

Repeated measures ANOVA (SPSS, IBM, Armonk, NY, USA) was used for 

descriptive statistics, body composition, maximal strength, muscle thickness, fat-free 

mass, and average weekly volume load.  Absolute change, percent change, and effect 

sizes using Cohen’s d ([pretest mean – posttest mean]/pooled standard deviation) were 

reported for each group for each variable (Microsoft Excel, Redmond, WA, USA).  Two-

tailed alpha was set a priori at 0.05. 

Results 

Eight subjects were included in the analyses (SG n = 4; HG n = 4).  Training 

session attendance was excellent with an overall attendance of 98.6%.  Age, body mass, 

height, and resistance training experience were not statistically different between groups 

at baseline.  After controlling for body weight, total average weekly volume was 285.2 ± 
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29.4 kg·kg-1 for SG and 236.0 ± 61.9 kg·kg-1 for HG (Table 3) and were not statistically 

different (p = 0.24).  No musculoskeletal injuries or impairments due to the experimental 

protocols were reported.   

Muscle Thickness 

Mean MT changes can be seen in Figure 1.  Positive values indicate an increase in 

muscle thickness and negative values indicate a decrease in muscle thickness.  Mean 

muscle thickness changes from baseline to post-testing for SG and HG, respectively, are 

as follows: proximal FF: 2.87 vs. -6.35%; distal FF: -0.55 vs. -3.72%; proximal FE: 7.99 

vs. -2.49%; distal FE: 19.42 vs. -2.05%; proximal RF: 3.89 vs. -0.04%; distal RF: 4.64 

vs. -4.85%; proximal VL: 8.84 vs. -2.81%; distal VL: 10.30 vs. 5.34%.  Significant 

differences were observed in the proximal forearm flexors in favor of SG compared to 

HG (p = 0.03).  No significant differences were observed in any other MT site.  

Muscular Strength 

Maximal strength changes can be seen in Figure 2.  Baseline values for 1RMBS 

and 1RMBP were similar between SG and HG.  After 9 weeks, results for the back squat 

increased 16.1 ± 9.2% for SG and 5.5 ± 1.7% with no significant differences observed in 

SG (ES = 0.84; 95% CI: -6.119 – 40.019) compared to HG (ES = 0.31; 95% CI: 0.965 – 

11.535) (p = 0.70).  For the bench press, an increase of 16.0 ± 13.1% was observed in SG 

and 6.9 ± 2.7% for HG with no significant differences observed in SG (ES = 0.72; 95% 

CI: -10.103 – 37.253) compared to HG (ES = 0.36; 95% CI: 0.195 – 11.205) (p = 0.17).   
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Fat-Free Mass 

After 9 weeks, SG experienced an increase in FFM of 1.53 ± 2.22 kg and HG 

experienced an increase of 0.65 ± 0.67 kg (p = 0.16). These results did not reach 

statistical significance between groups, within subjects, or over the course of the 

intervention. 

Discussion 

This is one of only a few studies that have assessed muscular adaptations to 

strength- vs. hypertrophy-style protocols in well-trained men with similar volume 

loading.  The primary finding of this study was that, with the exception of the proximal 

forearm flexors, changes in muscle thickness were not significantly different between 

groups.  Additionally, contrary to the literature, increases in both measurements of 1RM 

strength were not significantly greater for SG compared to HG, despite using greater 

relative intensity workloads.   

Overall, changes in MT were not statistically significant.  It is possible that 9 

weeks of resistance training was not enough to elicit significant changes in MT in well-

trained men (1, 11).  A longer training period may have been necessary to observe 

significant changes due to the well-trained status of the subjects.  These results are in 

contrast to previous studies using untrained men with unequal volume (11, 26), untrained 

men with equal volume (9, 10), and well-trained men with equal volume (35).  The 

results of this study are in agreement with Mangine et al. (25) in that high-intensity RT 

may have a greater effect on some measures of muscle hypertrophy when compared to 

moderate-intensity RT.   
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The varied results of these similar studies could be related to the experimental 

exercise protocols, specifically each study’s number of exercises, volume load, and the 

rest periods.  In a similar study, the training regimen of Schoenfeld et al. (35) required 

both groups to perform 3 exercises per training session.  Brandenburg and Docherty (7) 

required only two single-joint exercises per session.  The training protocols of Mangine et 

al. (25) required six single- or multiple-joint exercises per session.  The inclusion of more 

exercises may have elicited greater tissue activation, greater tissue damage in response to 

RT, and therefore greater changes in muscle morphology. 

Contrary to the strong support of the existing literature, the results of this study 

are not in agreement with the literature stating that higher relative intensity workloads 

result in greater strength improvements when compared to workloads of lesser relative 

intensity (9, 11, 13, 17, 25, 26, 35), especially for well-trained or advanced individuals 

(33).  This result may be due to the small sample size of the study. 

In regard to rest periods, these results are in agreement with previous studies that 

have found longer rest periods result in greater increases in some measures of muscle 

hypertrophy (8, 35).  Longer rest periods provide the advantage of greater inter-set 

recovery and allow the exerciser to achieve more repetitions, use a greater workload, or a 

combination of both.  This results in less metabolic stress, a common goal in 

hypertrophy-style training.  Given these training protocols, the benefit of greater 

mechanical stress appears to outweigh the hypertrophic adaptations attributed to 

hypertrophy-style training.  The results of this study are in contrast with studies that 

found either no difference or greater increases with short rest periods (2, 40).  The varied 
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results of these studies can be attributed to different definitions of ‘short’ and ‘long’ rest 

intervals.  Schoenfeld et al. (35) examined the muscular adaptations in groups of 

strength-trained men using 1- vs. 3-minute rest intervals and observed a strength and 

hypertrophy advantage for the group allotted longer rest periods.  Ahtiainen et al. (2) 

compared the effects of 2- vs. 5-minute rest intervals in strength-trained men and found 

no differences in measures of muscle hypertrophy.  Villanueva et al. (40) compared 1- vs. 

4-minute rest intervals in older adult men during a 4-week experimental protocol and 

found greater increases in strength and body composition in the short interval group. 

Despite the lack of statistically significant findings, this study employed a few 

strengths in research design.  First, a unified exercise order between both groups allowed 

the researchers to observe muscular adaptations in total-body routines only, eliminating 

the accumulated metabolic stress associated with split-body part routines.  According to 

our data, this exercise organization was enough to elicit negative effects on MT for 

subjects in the hypertrophy-style training group, indicating that hypertrophy-style loading 

with a total-body routine may not be an effective RT strategy to amass significant muscle 

hypertrophy.  Second, the inclusion of air displacement plethysmography in addition to 

MT measurements allowed the researchers to refer local measures of muscle hypertrophy 

to a global assessment of FFM.  In the example of HG, negative average changes in MT 

were observed with a concomitant average increase in FFM, raising the possibility of 

increases in FFM in muscle groups not included in the present MT analysis.  It is 

important to note, however, that FFM assessments include muscle, water, bone, organs, 

and other non-fat tissues, a distinction the BOD POD is unable to distinguish.  The 
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positive changes in FFM may have been due to increases in these other non-muscle 

tissues.  Third, despite the great physical demand of training to failure in the present 

protocols, no musculoskeletal injuries were reported during the 9-week training period.  

Previously, a similar training protocol experienced a 10% subject mortality rate over the 

course of 8 weeks of training to failure three days per week (35).  The authors attribute 

this to the addition of a deloading week halfway through the experimental protocol.  

Deloading or tapering can be accomplished by systematically decreasing exercise 

intensity, volume, frequency, or a combination of these variables over the course of a 

given training period for the purpose of optimizing performance and enhanced recovery 

(6, 31).  Symptoms of frequent high-demand resistance training may be mediated by the 

addition of a deloading or taper phase. 

Several limitations were present in this study and are important to note when 

analyzing the results.  First, the method used in this study to calculate volume load (reps 

x load) does not accurately calculate work performed during exercise as it does not take 

into account the distance travelled per load per exercise nor the actual forces applied 

during each movement.  Second, Average weekly volume loads were not as similar as 

those used in a similar study (35).  Third, exercise selection included two lower-body 

exercises that almost all subjects reported not performing regularly before participating in 

this study.  This may have limited the hypertrophic effects of the lower-body muscles via 

the timecourse of neuromuscular and musculoskeletal adaptations to novel RT exercises.  

Fourth, the duration of the study was relatively short.  Many measurements of strength 

and hypertrophy did not reach statistical significance.  A longer duration may have been 
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necessary to observe significant changes in muscle thickness (1, 11).  Fifth, although four 

muscle areas were selected, the MT findings are not globally representative of all muscles 

or muscle groups.  There is the possibility that greater changes in MT could have 

occurred in other muscles such as pectoralis major, latissimus dorsi, or biceps femoris.  

Lastly, these findings are specific to young, well-trained men and cannot be generalized 

to other populations.  Further research is required to elucidate the effects of specific 

loading strategies in other populations.   

Practical Application 

In conclusion, the results of this study are a product of careful protocol designs.  

Based on our results, using a total-body exercise routine with strength- and hypertrophy-

style loading strategies with similar volume, high-intensity RT with long rest periods may 

have a greater effect on muscular strength and hypertrophy than moderate-intensity RT 

with short rest periods.  These results may be specific to well-trained men.  Nine weeks 

of these experimental protocols was not long enough to elicit statistically significant 

changes, but trends show diverging muscular adaptations between groups.  To further 

understand the effects of different RT volume, intensity, rest intervals, and exercise order 

on well-trained men, further research is needed with different combinations of these 

variables.   
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Table 1

Baseline Descriptive Statistics

Descriptor SG HG

Age (y) 21.0 ± 0.8 20.5 ± 0.6

Height (m) 1.83 ± 0.04 1.83 ± 0.04

Weight (kg) 83.7 ± 7.1 82.0 ± 17.3

Fat-free mass (kg) 71.0 ± 4.5 65.0 ± 6.0

Resistance training 

experience (y)

4.0 ± 2.9 3.1 ± 2.0
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Table 2

Exercise Order for Both Experimental Training Groups

Session 1 Session 2 Session 3

Flat bench press Incline bench press Decline Smith press

Barbell back squat Glute bridge Unilateral barbell lunges

Wide-grip pull-down Plate-loaded row Close-grip pull-down
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Table 3

Average Weekly Volume Loads

Exercise SG HG

Flat bench press 1,737 (20.6) 1,702 (21.3)

Back squat 2,279 (27.3) 2,348 (29.5)

Wide-grip pull-down 2,053 (24.5) 1,552 (19.6)

Incline bench press 1,536 (18.2) 1,452 (18.1)

Glute bridge 4,020 (55.5) 3,313 (41.8)

Plate-loaded row 2,679 (32.2) 1,725 (21.9)

Decline Smith press 2,306 (27.4) 2,031 (25.4)

Unilateral barbell lunges 4,416 (53.3) 3,035 (39.2)

Close-grip pull-down 2,186 (26.2) 1,520 (19.2)

Totals 23,212 (285.2) 18,678 (236.0)

Average weekly volume loads for each exercise displayed as 

absolute values in kg and scaled by body weight in kg · kg
-1

(shown in parentheses) for the strength-style (SG) and 

hypertrophy-style (HG) groups.
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FIGURES 

 

 

 
Figure 1. Change in Muscle Thickness Measurements. Changes in muscle thickness at 

the proximal forearm flexors (PFF), distal forearm flexors (DFF), proximal forearm 

extensors (PFE), distal forearm extensors (DFE), proximal rectus femoris (PRF), distal 

rectus femoris (DRF), proximal vastus lateralis (PVL), and distal vastus lateralis (DVL) 

for strength-style (SG) and hypertrophy-style (HG) groups from baseline to post-

intervention.
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Figure 2. Change in Muscular Strength Measurements. Changes in one repetition 

maximum for the barbell back squat (1RMBS) and flat barbell bench press (1RMBP) for 

the strength-style (SG) and hypertrophy-style (HG) groups. 
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CHAPTER II 

EXTENDED LITERATURE REVIEW 

Introduction 

For people of all ages, resistance training (RT) is a common mode of exercise 

used to improve one’s aesthetics, function, and performance.  RT often results in an 

increase in muscle size and strength through a wide variety of loading strategies.  

Although these goals can be achieved through many different kinds of RT programs, it is 

logical to assume that some programs are better than others at helping exercisers achieve 

their personal goals.  The manipulation of many variables associated with RT is the 

essence of exercise programming for the purpose of specific neuromuscular and 

musculoskeletal adaptations.  Recent research has made a dent in trying to figure out 

which types of programs are more effective for working towards particular goals than 

others, but gaps still remain as to the best approaches for increasing muscle size and 

strength for particular populations. 

Muscle hypertrophy is defined as the increase in size of skeletal muscle fibers and 

is in contrast to skeletal muscle hyperplasia, the increase in the number of myofibers 

within a muscle.  When the magnitude of muscle protein synthesis is greater than muscle 

protein degradation, skeletal muscle hypertrophy occurs (23, 76).  Muscle fibers are 

sensitive to many stimuli that signal anabolic processes, resulting in the increase in the 
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size of a muscle fiber (56, 76).  The three primary stimuli known to induce hypertrophic 

adaptations in skeletal muscle are mechanical tension, muscle damage, and metabolic 

stress (15, 28, 64, 77).   

Mechanical tension within a muscle can be imposed by external loading.  With 

sufficient nutrient availability, chronic mechanical loading of the musculoskeletal system 

results in an increase in mass while chronic unloading results in muscle atrophy, or a 

decrease in mass (19, 26).  Mechanical tension induced by RT is thought to cause 

paracrine and autocrine mechano-chemical responses within muscle fibers and their 

satellite cells (76).  These responses catalyze many growth processes that ultimately 

contribute to contractile muscle hypertrophy (56).  Mechanical tension is a potent 

stimulator of muscle hypertrophy but may elicit its greatest effects when combined with 

other hypertrophic stimuli (56). 

The repair and growth processes of skeletal muscle tissue in response to localized 

damage are inflammatory in nature.  Following damage to the muscle fiber, macrophages 

and cytokines migrate to the location to clear cellular and metabolic debris via diapedesis 

(15, 23, 49).  Evidence suggests that local cytokines play a significant role in skeletal 

muscle hypertrophy (44, 51, 63).  Satellite cells leave their former quiescent state and 

migrate to fuse onto damaged muscle cells (76, 78) thus initiating the early stages of 

skeletal muscle hypertrophy. 

The long-held belief behind bodybuilding-style training is that the use of 

moderate workloads generates metabolic stress within the muscle milieu causing 

hypertrophic adaptations to occur, notably in noncontractile components and fluid 
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content of muscle (34, 83).  Indeed, studies have supported the idea that metabolic stress 

induces anabolic responses associated with exercise (53, 61, 66).  Exercise-induced 

metabolites include lactate, hydrogen ions, inorganic phosphate, creatine, and many 

others as a result of anaerobic glycolysis (69, 74).  Other stress-induced mechanisms may 

include local hormone activity, cell swelling, the presence of reactive oxygen species, 

and an increase in growth transcription factors (20, 21, 70). A few studies have showed 

that different hypertrophic adaptations may occur as a result of different RT loading 

strategies (34, 75), particularly with the manipulation of volume and intensity.  

Volume 

Exercise volume can be defined as the product of repetitions, sets, and the 

workload for a given exercise or period of training.  A greater exercise volume has shown 

superiority in analyses of single- vs. multiple-set protocols in training for muscular 

hypertrophy (32, 82) and growth hormone responses (12, 42, 65).  This could be due to 

greater total muscle tension, muscle damage, metabolic stress, or a combination of these 

variables.   

Periodization is the controlled manner in which exercise program variables are 

manipulated over time.  Classical, or linear, periodization can be described as high-

volume, low-intensity initial training and gradually working towards low-volume, high-

intensity training (3).  Employing these systematic changes allows an exerciser to train 

through a spectrum of loading strategies to elicit a variety of training adaptations.  Linear 

periodization has demonstrated superior results for increasing maximal strength 

compared to nonperiodized training protocols (68, 80).  Reverse periodization has been 
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shown to be superior for increasing local muscular endurance (13) and when compared to 

other periodization models with equal volume and intensity (52). Undulating, or 

nonlinear, periodization varies the exercise intensity and volume within a cycle, using 

light, moderate, and heavy loads in a systematic or random manner.  Undulating 

periodization has shown an advantage over periodized and nonperiodized multiple-set 

protocols (4) and has been demonstrated to elicit greater strength gains compared to 

linear periodization over the course of 12 weeks of a RT protocol (52). 

In a meta-analysis examining whether single or multiple sets of RT are more 

effective for muscular hypertrophy, single sets showed an effect size of 0.25 while 

multiple sets showed an effect size of 0.35 (32).  According to Cohen’s classifications, 

both effect sizes are small but multiple sets were associated with a 40% greater effect size 

for hypertrophy than single sets (32), indicating superiority for greater exercise volume 

for muscle hypertrophy.  In a similar meta-analysis for muscular strength (31), single sets 

resulted in a moderate effect size (0.54) compared to a large effect size (0.80) for 

multiple sets.  This is in agreement with a 2005 meta-analysis of the dose-response for 

muscular strength development (47) which concluded that 4 sets and 8 sets per body part 

elicited maximal strength gains in untrained and trained populations, respectively. 

Exercise volume can be organized by using a split-body routine, wherein specific 

muscles, muscle groups, or movements are trained per session, or by using a full-body 

routine with the goal of targeting many or all major muscle groups per session.  Weekly 

training volume can be maintained with fewer sets performed per session by using a split-

body routine when compared to a full-body routine.  This format also allows for greater 
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recovery time for muscle groups between training sessions.  Exercise volume can be 

greatly affected by different training frequency preferences. 

In the context of weekly training frequency, Schoenfeld et al. (59) investigated the 

effects of training muscle groups once per week using a split-body routine vs. three days 

per week using a total-body routine with equal training volume.  The 20 subjects were 

classified as well-trained (greater than one year of current resistance training experience) 

and from a university population (age = 23.5 ± 2.9 years).  Subjects were randomly 

assigned to a group performing a split- or total-body routine training three days per week.  

All subjects performed the same 21 exercises over the course of three sessions per week 

performing 2-3 sets of 8-12 repetitions to concentric failure.  The study was carried out 

for 8 weeks.  Subjects were tested pre- and post-study for 1 repetition maximum (RM) 

strength in the bench press and back squat and muscle thickness (MT) measurements of 

the forearm flexors, forearm extensors, and vastus lateralis via diagnostic ultrasound 

imaging.  The full-body training group experienced greater increases in forearm flexor 

MT compared to the split-body training group (6.5 vs. 4.4%, respectively).  Forearm 

extensor MT did not reach statistical significance, however the effect size was greater for 

the full-body training group compared to the split-body training group (0.90 vs. 0.46, 

respectively).  Similarly, the effect size for quadriceps MT was greater for the full-body 

training group compared to the spit-body training group (0.70 vs. 0.18, respectively).  

These results indicate that a greater weekly training frequency per muscle group may be 

superior when training for muscle hypertrophy in well-trained men.   
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Intensity 

RT intensity refers to the external workload of a given exercise relative to the 

individual’s 1-repetition maximum (1RM).  An inverse relationship exists between 

exercise intensity and the number of repetitions one can perform with a given workload.  

It is well-known that regular and consistent high-intensity RT results in increases in 

maximal muscular strength (16).  Initial adaptations to RT mostly occur in the nervous 

system (29, 38), especially in regards to the development of muscular strength (42).  

Even though there is a strong relationship between CSA and force production (37), there 

is a significant neural component to the development of strength and power (18, 30).  It is 

even possible to increase muscle strength through neural adaptations without structural 

changes within the muscle (14, 25, 67, 81). 

Experimental and analytical evidence suggests that a dose-response relationship 

exists between exercise intensity and the rate of gain in muscular strength (7, 22, 47).  

Across many studies, the greatest increases in strength occur when individuals use 

workloads at or near their 1RM and lesser improvements are seen when using lighter 

loads (7, 10, 17, 22, 35, 36, 47, 60).  High-intensity training loads are even more crucial 

for the development of muscular strength for well-trained or advanced individuals (47).   

Skeletal muscle hypertrophy appears to be related, in part, to relative RT intensity 

(17).  Popular opinion states that a minimum intensity threshold of greater than 60% of 

1RM is necessary to cause significant muscular hypertrophy (3, 39, 79).  This relative 

intensity threshold may be necessary to impose enough of a stimulus to cause 

hypertrophic adaptations to occur in all fiber types.  Though varied, Type I and Type II 



32 

 

skeletal muscle fibers generally experience greater hypertrophic adaptations when using 

higher relative intensities (17).   

Some have challenged the notion of a minimum intensity threshold necessary for 

significant muscle hypertrophy to occur, suggesting that hypertrophy may rather be 

dependent upon RT being performed to volitional concentric muscular failure.  Using 

loads less than 50% 1RM, several researchers have reported significant changes using 

such protocols (6, 58, 79).  When using unequal training volumes, all studies but one (62) 

found similar muscular hypertrophy between high- and low-load RT (33, 40, 46, 50, 58, 

71, 72).  When training volume is equal, the work-to-benefit ratio of high-load RT 

appears to be superior (7, 24).  It is important to note that the full spectrum of muscle 

fiber types may not be recruited enough to experience hypertrophy in all fiber types (57).  

Further research is necessary for the discussion of fiber type- and relative intensity-

specific hypertrophic adaptations.   

In a 2015 study, Schoenfeld et al. (58) set out to examine the effects of low- vs. 

high-load resistance training on strength and hypertrophy in well-trained men with results 

that challenge the notion of a minimal relative intensity threshold necessary for skeletal 

muscle hypertrophy.  Eighteen young well-trained men were randomly assigned to one of 

two groups: a low-load RT routine (LL; 25-35 repetitions per set per exercise) or a high-

load RT routine (HL; 8-12 repetitions per set per exercise).  Both groups performed 3 sets 

for 7 exercises 3 times per week for 8 weeks.  All sets were performed to concentric 

muscular failure.  These loading strategies are such that the training volume for LL was 

approximately three times that of HL.  Pre- and post-training measurements included 
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maximal strength via 1RM back squat and bench press; muscle thickness measurements 

of the elbow flexors, elbow extensors, and quadriceps via diagnostic ultrasound imaging; 

and muscle endurance via 50% 1RM bench press for maximal repetitions.   

After 8 weeks of training, both HL and LL groups experienced significant muscle 

thickness increases of the elbow flexors (5.3 vs. 8.6%), elbow extensors (6.0 vs. 5.6%), 

and the quadriceps femoris (9.3 vs. 9.5%) with no significant differences between groups.  

Changes in maximal back squat strength were significantly greater for HL compared to 

LL (19.6 vs. 8.8%) and a similar trend was noted for the bench press (6.5 vs. 2.0%).  

Overall, these results indicate significant muscle hypertrophy can occur when using RT 

loads of approximately 30-50% 1RM, well below the generally accepted minimal 

threshold of 65% 1RM, with significant concomitant increases in lower-body strength.     

The authors recognize the possibility of fiber-type specific hypertrophy to account 

for the significant muscle thickness changes in the LL group (58).  Given that no subjects 

in LL reported using repetition schemes greater than 15 repetitions in their normal pre-

study training routines, these subjects may have experienced a novel training stimulus in 

response to performing RT exercise sets using 25-35 repetitions.  This idea is supported 

by Netreba et al. (43)  who found that training using loads of 80-85% 1RM preferentially 

increased muscle CSA of fast-twitch fibers whereas training using loads of 50% 1RM 

preferentially increased muscle CSA of slow-twitch fibers.  This hypothesis would be 

consistent with findings from Mitchell et al. (40) who found that the magnitude of change 

for type I fiber CSA was greater using low-load RT (23 vs. 16%), although those results 

were not significant due to low statistical power.   
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Training Status 

Prior to assessing skeletal muscle adaptations to a RT protocol, an individual’s 

prior and current training experience must be understood, or better yet quantified.  An 

inverse relationship exists between resistance training experience and the rate of gains of 

muscle hypertrophy, strength, and anabolic signaling (11, 45, 47, 56).  For previously 

untrained individuals, neural adaptations are responsible for increases in muscular 

strength performance during the initiation of a RT protocol (41).  Within six weeks of 

initiation to RT, skeletal muscle hypertrophy manifests (48).  Thereafter, a conjunction of 

neural adaptations and hypertrophy attribute to strength gains.  Once adaptation occurs, a 

greater stimulus must be applied to recruit the same or more muscle fibers (3).  

As an individual’s resistance training experience increases, exercise volume and 

intensity should progressively and systematically increase over time in order to maximize 

skeletal muscle adaptations (3).  Trained muscle fibers are morphologically (37, 54) and 

functionally (1, 27, 54, 55) different than untrained muscle fibers.  Trained muscles also 

display reduced exercise-specific anabolic cell signaling behaviors in humans (11) and 

rodents (45), which can return after a short period of using reduced training loads (45).  

There is a clear difference in the effort-to-benefit curve among untrained, recreationally 

trained, and advanced or athletic populations (47) as it becomes increasingly more 

difficult to gain muscle mass with increasing resistance training experience (56). 

 Resistance Training Interventions 
 

A few studies have sought to compare the effects of strength- vs. hypertrophy-

oriented RT protocols.  Key differences in these studies involve using trained or 
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untrained men and with equal or unequal RT volume.  These studies highlight the 

differences between these two key factors.  Choi et al. (10) divided young men (age 29.4 

± 3.4 years) into a “power-up type” group performing 5 sets of 90% 1RM and 3 minutes 

rest or a “bulk-up type” group performing 9 sets of varying moderate intensities with 30 

seconds rest.  These subjects were not classified as having current training experience.  

Both groups performed isotonic knee extensions twice a week for 8 weeks.  The “bulk-up 

type” group experienced greater increases in muscle cross-sectional area (CSA) while the 

“power-up type” group experienced greater increases in strength.  Masuda et al. (36) 

conducted a similar study with similar results.  Important to note is that the RT exercise 

volume was considerably higher for the “bulk-up type” group.  The hypertrophic 

advantage for the “bulk-up type” groups may have been related to a greater training 

volume and not dependent on greater relative training intensities. 

Assessing muscular adaptations to volume-equated RT protocols, Chestnut and 

Docherty (9) divided 24 young untrained men performing 4 sets of 4 repetitions or 3 sets 

of 10 repetitions.  All sets were performed to failure and training was carried out 3 times 

per week for 10 weeks.  The forearm extensors and flexors were assessed for strength, 

CSA via magnetic resonance imaging, specific tension, and circumference measurements.  

At the end of the 10-week training protocol, significant increase were noted in both 

groups for strength and CSA, but no differences were seen between groups.  These results 

are specific to responses seen in untrained muscle according to this RT loading protocol, 

therefore these results cannot be generalized to well-trained men.   
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Campos et al. (7) assessed lower-body muscle adaptations to three different 

loading strategies: a low repetition group (4 sets of 3-5RM with 3 minutes rest), an 

intermediate repetition group (three sets of 9-11RM with 2 minutes rest), and a high 

repetition group (2 sets of 20-28RM with 1 minute rest).  All subjects performed the leg 

press, squat, and knee extensions 2 days per week during the initial four weeks and then 3 

days per week for the final 4 weeks.  Subjects were tested for maximal strength (1RM), 

local muscular endurance (maximal repetitions at 60% 1RM), and various 

cardiorespiratory measures.  In this roughly volume-equated set-up, all groups 

experienced similar changes in CSA while greater maximal strength adaptations occurred 

in the low repetition group compared to the two other groups, supporting the idea that 

exercise volume may be a dominant factor in skeletal muscle hypertrophic adaptations in 

untrained men.   

Few studies exist that have assessed skeletal muscle adaptations in men with 

advanced prior RT experience.  Using a volume-equated design with well-trained men, 

Schoenfeld et al. (60) randomly divided 17 young men into a strength-type training group 

(ST) performing 7 sets of 3 repetitions with 3-minutes rest between sets or a hypertrophy-

type training group (HT) performing 3 sets of 10 repetitions with 90 seconds rest between 

sets. Both groups performed the same exercises but in different routine splits.  ST’s 

exercise sessions were total-body exercise routines following a upper-body push, leg, and 

upper-body pull order.  HT’s exercise sessions were split-body exercise routines, 

performing all three upper-body push movements on one day, all leg movements the next 

day, and all upper-body pull movements on the last training day of the week.  All subjects 
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trained 3 days per week for 8 weeks.  Muscle thickness of the biceps brachii via 

diagnostic ultrasound imaging and maximal strength via 1RM back squat and bench press 

were assessed before and after the training period.   

After 8 weeks, the ST and HT groups experienced a 12.7 and 12.6% increase in 

biceps brachii thickness, respectively.  After adjusting for baseline values, maximal 

strength adaptations were greater and significant for ST compared to HT for 1RM bench 

press (p < 0.05).  A trend was noted in favor of ST vs. HT for 1RM back squat (β = 15.0; 

p = 0.19).  Given these results, exercise volume may mediate skeletal muscle hypertrophy 

in well-trained men.  Additionally, in agreement with most of the literature, high-

intensity loading appears to increase maximal strength to a greater degree than moderate- 

or low-intensity resistance training.   

In a 2015 study, Mangine et al. (35) examined muscular size and strength 

responses to two training protocols of unequal volume.  Twenty-nine resistance-trained 

men were randomly assigned to a high-volume (VOL; 4 sets of 10-12 repetitions at ~70% 

1RM with 1 minute rest) or high-intensity (INT; 4 sets of 3-5 repetitions at ~90% 1RM 

with 3 minutes rest) protocol.  After a two-week preparatory exercise familiarization 

period, subjects trained four times per week for 8 weeks.  Pre- and post-measurements 

included lean tissue mass via dual energy x-ray absorptiometry (DEXA), muscle CSA 

and thickness via diagnostic ultrasound imaging, and 1RM strength in the back squat and 

bench press.   

Following the 8-week training protocol, results showed that INT experienced 

greater changes in lean arm mass compared to VOL (5.2 ± 2.9% vs. 2.2 ± 5.6%; p = 
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0.037) with 93.3% of INT subjects experienced changes in lean arm mass greater than the 

minimal difference (MD = 0.23 kg) and only 64.3% of VOL subjects experiencing 

changes greater than the minimal difference.  Similar trends were noted in total lean body 

mass (MD = 1.53 kg; 60.0 vs. 35.7%), lean leg mass (MD = 0.91 kg; 46.7 vs. 21.4%), 

and vastus lateralis CSA (MD = 3.05 cm2; 50.0 vs. 21.4%).  Significant increases in 

strength were observed in the bench press for both VOL (pre: 104.5 ± 19.2 kg; post: 

110.9 ± 17.5 kg; p = 0.018) and INT (pre: 108.8 ± 31.8 kg; post: 123.8 ± 34.1 kg; p < 

0.001), with significantly greater improvements for INT than VOL (p = 0.013).   

The results of this study indicate that high-intensity, low-volume RT improves 

maximal strength greater than moderate-intensity, high-volume RT while producing a 

similar magnitude of muscle hypertrophy.  Some measures of muscle size, however, 

indicate a possible hypertrophic advantage to using greater relative intensity training 

loads despite a lower training volume.  Key differences between Schoenfeld et al. (60) 

and Mangine et al. (35) may lie within tissue activation via exercise selection and the 

number of exercises included in each training session.  The training regimen of 

Schoenfeld et al. (60) required both groups to perform 3 exercises per training session.  

Similarly, Brandenburg and Docherty (5) required only two single-joint exercises per 

session.  The training protocols of Mangine et al. (35) required six single- or multiple-

joint exercises per session.  The inclusion of more exercises likely caused greater tissue 

activation, greater tissue damage in response to RT, and therefore greater changes in 

muscle morphology.   
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In regards to lower-body hypertrophic adaptations, the authors state the possibility 

of 8 weeks not being a long enough training period to realize significant changes in 

lower-body musculature, especially that of resistance-trained men (1, 8, 73).  In the 

present study, significant differences in strength and hypertrophy occurred in upper-body 

measurement sites.  Previous research has indicated that lower-body muscle may be more 

resistant to exercise-induced damage (8) and is slower to manifest observable 

morphological adaptations (1, 73).  The authors suggest a longer experimental training 

period may be necessary to properly compare high-intensity, low-volume and moderate-

intensity, high volume training protocols in regards to lower-body skeletal muscle 

hypertrophy (35).    

Gaps in the Literature 

Thus far, RT research has concluded that exercise volume is an important 

mediator of skeletal muscle hypertrophy.  Mixed results have been reached across the 

many studies assessing changes in muscle size using different relative intensity training 

protocols in well-trained men.  Even further, the inclusion of exercise regimens that allow 

for the build-up of localized metabolic stress without the use of blood-flow restriction 

show mixed results as to metabolic stress’s effects on skeletal muscle hypertrophy.  

Overall, the number of studies are few that assess muscular adaptations in well-trained 

men.   
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