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Abstract 20	
  

The present study compared the effects of two weekly-equalized volume and relative load 21	
  

interventions on body composition, strength and power. Based on individual baseline 22	
  

maximal strength values, eighteen recreationally trained men were pair-matched and 23	
  

consequently randomly assigned to one of the following experimental groups: a low volume 24	
  

per session with a high frequency (LV-HF, n = 9) group who trained 4-days (Mondays, 25	
  

Tuesdays, Thursdays and Fridays) or a high volume per session and low frequency (HV-LF, 26	
  

n = 9) group who trained 2-days (Mondays and Thursdays). Both groups performed two 27	
  

different routines over 6 weeks. Participants were tested pre- and post- intervention for 28	
  

maximal strength, upper body power, fat-free mass, limb circumferences and muscle 29	
  

thickness. Compared to baseline values, both groups increased their fat-free mass (HV-LF 30	
  

+1.19 ± 1.94; LV-HF +1.36 ± 1.06 kg, p<0.05) and vastus medialis thickness (HV-LF 31	
  

+2.18±1.88, p<0.01; LV-HF +1.82±2.43 mm, p<0.05), but only the HV-LF group enhanced 32	
  

arm circumference (1.08±1.47cm, p<0.05), elbow flexors thickness (2.21±2.81 mm, P<0.01) 33	
  

values and decreased their fat mass (-2.41 ± 1.10, P<0.01). Both groups improved (p<0.01) 34	
  

the maximal loads lifted in the bench press (LV-HF +0.14 ± 0.01; HV-LF +0.14 ± 0.01 35	
  

kg.body mass-1) and the squat (LV-HF +0.14 ± 0.06; HV-LF 0.17 ± 0.01 kg.body mass-1) 36	
  

exercises as well as in upper body power (LV-HF +0.22 ± 0.25; HV-LF +0.27 ± 0.22 37	
  

watts.body mass-1) Although both training strategies improved performance and lower body 38	
  

muscle mass, only the HV-LF protocol increased upper body hypertrophy and improved body 39	
  

composition. 40	
  

 41	
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Introduction 44	
  

Resistance training (RT) is recommended as one of the most effective methods to 45	
  

improve muscle mass, strength and power (Kraemer et al. 2002; Panton et al. 2000). An 46	
  

appropriate control of training variables, such as intensity, volume, and frequency is 47	
  

considered essential to optimize post-exercise muscular adaptations (Kraemer and Ratamess 48	
  

2004). One of these essential variables, the frequency of training, refers to the number of 49	
  

sessions performed in a given period of time (Wernbom et al. 2007). With respect to inducing 50	
  

muscle hypertrophic effects, the frequency of training is often considered as the number of 51	
  

times a muscle group is trained and it is generally associated with a one-week training 52	
  

duration (Schoenfeld et al. 2015).  53	
  

In their position statement, the American College of Sports Medicine (ACSM, 2009) 54	
  

recommends a RT frequency of 4 (intermediate training) to 6 days (advanced training) per 55	
  

week using upper/lower body split routines. However, individuals targeting muscular 56	
  

hypertrophy commonly train each muscle every 5 to 7 days using one to maximally three 57	
  

muscle groups per session. Compared to the ACSM (2009) recommendations, this results in a 58	
  

relative higher session training volume (Gentil et al. 2017; Kerksick et al. 2009; Ostrowski et 59	
  

al. 1997). The strategy is based on suggestions that a muscle which is subjected to a greater 60	
  

session training volume, is consequently also exposure to a higher level of intramuscular 61	
  

metabolic stress (Gotshalk et al. 1997; Schoenfeld 2010). To elicit an enhanced hypertrophic 62	
  

effect, this stress response in turn requires several days to recover (Ferreira et al. 2017; 63	
  

Schoenfeld et al. 2016).	
  Along these lines, relevant research also indicates that multiple-set 64	
  

programs (i.e. a higher volume per training session) are generally associated with greater 65	
  

strength (Krieger 2009) and hypertrophy (Krieger 2010) gains in both, trained and untrained 66	
  

individuals. Moreover, recent data have shown that the training volume is a substantial 67	
  

contributor to muscle hypertrophic effects, which occurs independently of training load when 68	
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the total volume per session is equated (Klemp et al. 2016). However, twice (Schoenfeld et 69	
  

al. 2016) or higher (Dankel et al., 2017) weekly training frequencies have recently been 70	
  

suggested to promote superior hypertrophic outcomes, considering a volume-equated 71	
  

program is performed. Nonetheless, it is important to highlight that even though increasing 72	
  

the number of weekly sessions may provide greater muscle growth, it may be difficult to 73	
  

increase the training frequency without an appropriate adjustment of training volume and 74	
  

length of training program (Dankel et al. 2017).	
  75	
  

 In novice individuals, similar outcomes were obtained from single and split body 76	
  

routines using a volume equalized weekly training (Arazi and Asadi 2011; Candow and 77	
  

Burke 2007; Gentil et al. 2015). In contrast, experienced weight lifters have demonstrated to 78	
  

obtain superior improvements in body composition and strength gains using multiple (i.e. 3 79	
  

sessions) compared to a single weekly volume equated training session (McLester et al. 80	
  

2000). It should be noted that the total weekly volume used by McLester and colleagues was 81	
  

lower (i.e. 3 sets per muscle group) than the typical routine employed in bodybuilding, which 82	
  

commonly involves between 6 to 12 sets per muscle group performed in a single session 83	
  

together with a greater than once a week training frequency (Schoenfeld et al. 2016).  84	
  

The purpose of the present study, therefore was to compare the effects of two weekly-85	
  

equalized volume and relative load interventions on body composition, strength and power 86	
  

gains using two different protocol designs whereby one group trained twice weekly (low 87	
  

frequency) with a high volume per session and a second group performed four weekly 88	
  

training sessions (high frequency) with a low session volume. 89	
  

Methods 90	
  

Experimental Design 91	
  

The study utilized a two-parallel group randomized controlled trial design. 92	
  

Participants were randomly allocated into two intervention groups: 1) Low Training Volume 93	
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and High Weekly Frequency group (LV-HF; n = 9) and 2) High Training Volume and Low 94	
  

Weekly Frequency group (HV-LF, n = 9). Before and after the intervention period, 95	
  

measurements of body composition, muscle thickness, strength and power performance were 96	
  

assessed. Both groups trained for a total 6 weeks, which were equated for total training 97	
  

weekly volume and relative load, whereby the only difference comprised the weekly training 98	
  

frequency (2 vs. 4) and the session volume (high vs. low). 99	
  

Participants 100	
  

Presented as mean (SD) the final group characteristics were as follows: LV-HF: age 101	
  

21 (3.2) years, height: 180.40 (4.8) cm, and body mass: 76.63 (14.72) kg; 1 repetition 102	
  

maximum (1RM) squat: 103 (25.65) kg; 1RM bench press 77 (25.79) kg; RT experience 3.0 103	
  

(0.5) years. HV-LF: age 28 (7.9) years, height: 178.6 (6.7) cm, and body mass: 79.38 (14.22) 104	
  

kg; 1RM squat: 115 (31.7) kg; 1RM bench press 71 (15.57) kg; RT experience 2.9 (0.4) 105	
  

years. No significant differences were observed between treatments at baseline.  106	
  

To be eligible, participants had to be free of injury in the last three months prior to the 107	
  

intervention. They were furthermore required to train regularly between 2 to 3 times per 108	
  

week, using a whole-body routine including squat and bench press exercises for a minimum 109	
  

of two and a maximum of 5 years before the start of the present study. Only recreationally 110	
  

trained individuals with no regular participation in other sports, including bodybuilding, 111	
  

power or weight lifting were recruited. Additionally, only individuals not having ingested 112	
  

ergogenic aids or any type of nutritional supplements affecting muscular performance 12 113	
  

weeks or longer prior to the start of the study were eligible. Participants were instructed not 114	
  

to change their nutritional habits, and if any relevant change had been detected (i.e. becoming 115	
  

a vegetarian, restricting calories, taking nutritional supplements, etc.) participants’ data would 116	
  

have been excluded from the analysis. The University Research Ethics Committee approved 117	
  

the study (no. UREC/15/3/5/16). All procedures were in accordance with the Helsinki 118	
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declaration. Prior to providing written informed consent, participants were fully informed of 119	
  

the nature and risks of the study. 120	
  

Procedures 121	
  

Familiarization period: Before the start of the intervention and over a one-week 122	
  

period, participants performed 3 sessions of familiarization where the correct execution of the 123	
  

main training exercises (e.g. bench press and squat) and testing procedures was explained, 124	
  

demonstrated and strictly controlled. After the familiarization but within a one-week period 125	
  

strength and body composition tests were performed. Thereafter, the participants were 126	
  

assigned to one of the two interventions by block randomization, using a block size of two.  127	
  

Assessments: Participants refrained from heavy exercise in the 48 h prior to all pre- 128	
  

and post-intervention tests. Baseline and post intervention values of all relevant variables 129	
  

were tested within one day and in the following order 1) body composition 2) limb 130	
  

circumferences 3) muscular thickness measurements 4) 1RM bench press 5) 1RM parallel 131	
  

squat, 6) bench press power at 50% of the previously determined 1RM. Fifteen minutes of 132	
  

rest was allowed between the performance assessments. 133	
  

Body Composition: Standard measurements were performed in accordance with the 134	
  

recommendations for anthropometric assessment (Ross and Marfell-Jones 1991). To 135	
  

eliminate inter-observer variability only one investigator consistently performed all 136	
  

measurements. Height was measured in a stretched stature to the nearest 0.01m using a wall 137	
  

mounted stadiometer (Seca GmbH, Hamburg, Germany) and body mass was weighted to the 138	
  

nearest 0.1 kg using a digital scale (Seca GmbH, Hamburg, Germany).  139	
  

Fat mass and fat-free mass was estimated from the whole body densitometry using air 140	
  

displacement via the Bod Pod® (Life Measurements, Concord, CA) and followed the 141	
  

manufacturer’s instructions as detailed elsewhere (Dempster and Aitkens 1995). Briefly, the 142	
  

participants were tested wearing only tight-fitting clothing (swimsuit or undergarments) and 143	
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an acrylic swim cap. Volunteers wore the exact same clothing for all body composition tests. 144	
  

The thoracic gas volume was estimated using a predictive equation integral to the Bod Pod® 145	
  

software. To estimate body composition, the calculated value for body density was taken 146	
  

from the Siri equation (Siri 1961). A complete body composition measurement was 147	
  

performed twice. If the percentage of body fat was within 0.05%, the two tests were 148	
  

averaged. If the two tests were not within that agreement, a third test was performed and the 149	
  

average of the three trials was used for all body composition variables.  150	
  

Limb Circumferences: The circumferences of the right arm and thigh were measured 151	
  

using a constant tension tape measure during maximal elbow extension or standing position 152	
  

respectively. Three measurements were made for both arm and thigh circumference. 153	
  

Averaging was performed to obtain mean values for both circumferences. Mid arm 154	
  

circumference was measured midway between the tip of the acromion and the olecranon 155	
  

process (Heymsfield et al. 1982) and the thigh circumference was determined at a point 156	
  

situated two thirds between the edge of the iliac crest and the proximal border of the patella 157	
  

(upper knee) (Bielemann et al. 2016). 158	
  

Muscle thickness: A real time B-mode ultrasound system (Dynamic Imaging, 159	
  

Livingston, Scotland UK) was used to capture cross-sectional images at three sites (dominant 160	
  

side) of the body: (i) elbow flexors, comprising biceps brachii and brachialis, (ii) anterior 161	
  

deltoids, and (iii) vastus medialis. A trained independent blinded researcher performed all the 162	
  

measurements in a standardized manner and according to the protocol described by (Bradley 163	
  

and O’Donnell 2002). Each participant was placed in a semi-recumbent and relaxed position 164	
  

with knees fully extended and arms held straight alongside the torso with a supination 165	
  

position of the lower arms. The measurement sites were accurately located and marked at 166	
  

60% distal to the lateral humerus epicondyle from the scapular acromial process for brachii 167	
  

and brachialis muscles; at the acromion anterolateral edge for the anterior deltoid muscle; and 168	
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at a distance of 80% distal from the greater trochanter to the lateral femur condyle for the 169	
  

vastus medialis muscle. A 7.5-MHz linear transducer together with water-soluble 170	
  

transmission gel (Aquasonic 100 Ultrasound Transmission gel), which provided acoustic 171	
  

contact without depressing the dermal surface, was placed in the transversal plane 172	
  

perpendicular to the skin surface at each of the marked sites. Distortion of tissue due to 173	
  

excessive compression was eliminated by resting the transducer lightly on the skin surface, 174	
  

by visually monitoring the image on the ultrasound screen and by asking participants to 175	
  

provide verbal feedback on the amount of skin pressure experienced. The interfaces between 176	
  

subcutaneous adipose tissue and muscle and between muscle and bone were identified from 177	
  

the ultrasonic image and the distance from the adipose tissue-muscle interface to the muscle-178	
  

bone interface was measured as representative of muscle thickness. 179	
  

The location of the probe was recorded onto acetate paper and pre- and post- 180	
  

intervention images were compared during the measurements to ensure that the location was 181	
  

the same based on identifiable markings (moles and small angiomas) viewed in the muscle 182	
  

fascicles as reference points. This was done to increase the reliability of repeated measures. 183	
  

Three images of each location were obtained and the average of the measurements was 184	
  

calculated. Furthermore, to ensure the intra-observer reliability of the muscle thickness, the 185	
  

same researcher evaluated all participants. Images were obtained at least 48 hours before and 186	
  

after the training intervention to avoid any intra-muscle swelling. The intra-rater reliability of 187	
  

muscle thickness measurements performed by the trained investigator on the same scans in a 188	
  

preparatory study was excellent, with an intra-class correlation coefficient of >0.980 (95% 189	
  

confidence intervals of 0.986 to 0.995). Therefore, the thickness measurements on the three 190	
  

analyzed muscles at pre- and post- intervention could be compared confidently. 191	
  

Strength: The 1RM value for both the bench press (BP) and parallel squat (SQ) using 192	
  

free weights was determined according to the methodology described by McGuigan (2016) 193	
  



9	
  
	
  

(see supplementary material for further explanation). To avoid any specific muscle group 194	
  

interaction, the order of BP and SQ tests was randomized. Additionally, each participant 195	
  

followed the same assessment order at the pre- and post- intervention time point.  196	
  

Upper body power determination: The maximal upper body power value was 197	
  

measured for the BP exercise using 50% of the previously determined 1RM value. 198	
  

Participants were required to perform 5 repetitions with a maximal possible movement 199	
  

velocity and using a correct technique. Muscular power was determined from the repetition 200	
  

that produced the maximal average accelerative mechanical power (calculated from the 201	
  

accelerative portion of the concentric phase, during which the acceleration of the barbell was 202	
  

≥ -9.81 m.s-2. 203	
  

An optical rotary encoder (Model WLEN01, Winlaborat®, Buenos Aires, Argentina,) 204	
  

with a minimum lower position register of 1 mm connected to the proprietary software (Real 205	
  

Speed Version 4.20) was used for measuring the position and for the calculation of the 206	
  

average mechanical power in watts achieved during the five BP repetitions. The cable of the 207	
  

encoder was connected to the bar in such a way that the exercise could be performed freely 208	
  

while it allowed the cable to move in both directions of the movement.  209	
  

The test-retest reliability coefficients (ICCs), coefficient of variation (CV) and 210	
  

standard error of measurement (SEM) for the 1RM BP; 1RM SQ and BP power at 50% were 211	
  

0.95 (2.1%; SEM 3.12) 0.92 (1.1%; SEM 2.11) and 0.90 (2.5%; SEM 23.08) respectively. 212	
  

Training Intervention: The two intervention groups (LV-HF and HV-LF) underwent a 213	
  

6-week RT program aimed to improve muscle strength and muscle hypertrophy. Each group 214	
  

performed two training routines involving 9 exercises per session. Routine 1 was designed to 215	
  

target pectorals, deltoids and arm flexors while routine 2 focused on back, arm extensor and 216	
  

lower body (Table 1).  217	
  

Table 1 218	
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The LV-HF group trained 4 times per week (Mondays and Thursdays routine 1; 219	
  

Tuesday and Fridays routine 2) whereby the HV-LF group trained 2 times per week 220	
  

(Mondays routine 1 and Thursdays routine 2). Consequently, both groups completed the same 221	
  

number of total sets per exercise and routine per training week (Table 2). To equate the 222	
  

exercise effort, all participants regardless of group performed a minimum of 8 to a 12 self- 223	
  

determined maximum repetitions (Steele et al. 2017) per set with a load ~75% of the 224	
  

estimated 1RM with 2 min of rest between sets (de Salles et al. 2009).	
  If participants became 225	
  

aware that they could not reach the minimum number of prescribed repetitions per set, an 226	
  

additional ~30 sec of rest within the set was allowed to reach the lower target number of 227	
  

repetitions. Conversely, a minimum amount of load (2.5kg) was added to the subsequent set 228	
  

if participants felt that they could perform more than 12 repetitions per set. Participants were 229	
  

instructed to perform the concentric phase of every exercise with the maximal possible movement 230	
  

velocity from the beginning of each set and during the entire session. All training sessions 231	
  

were supervised and instructed by a qualified research assistant. To improve the quality of 232	
  

supervision, a ratio of one instructor to three participants was maintained during all training 233	
  

sessions. All participants completed the 6 weeks of intervention with a full compliance to 234	
  

both training routines. All sessions were completed within ~45 minutes or ~105 for the LV-235	
  

HF or HV-LF respectively.  236	
  

Table 2 summarizes the volume and relative load used per training session and week 237	
  

for both intervention protocols. 238	
  

Table 2 239	
  

Statistical Analysis 240	
  

A descriptive analysis was performed and subsequently the Kolmogorov-Smirnov and 241	
  

Shapiro-Wilk test were applied to assess normality. Sample characteristics at baseline were 242	
  

compared between groups using an independent means Student`s t-test. All pre- and post- 243	
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data were summarized and reported as mean (standard deviation) unless stated otherwise. 244	
  

Raw changes in all outcome variables were calculated by subtracting pre minus post 245	
  

assessment values. Under the assumptions that both conditions would promote changes from 246	
  

baseline values and that the amount of change would be also dependent on each individual’s 247	
  

enrolment performance levels, one-way Analysis of Covariance (ANCOVA) models were 248	
  

used to compare differences in raw change between groups, using the pre assessment values 249	
  

as covariates. Confidence intervals (CI) of the adjusted differences were calculated and 250	
  

plotted. Those CIs not crossing zero were considered statistically significant. Additionally, 251	
  

two-tailed one sample student’s tests were used to test for a null effect hypothesis. Effect 252	
  

sizes of the adjusted differences between intervention groups were assessed converting eta 253	
  

squared from the ANCOVA effects to Cohen’s d-values and compared to common 254	
  

benchmarks (Cohen 1988) (small d = 0.2-0.49; moderate d = 0.5-0.79; and large d = ≥0.8). 255	
  

Significance level was set to p < 0.05, but p values between 0.05 and 0.1 were considered 256	
  

indicative of a trend. Stata (version 13.1, StataCorp, College Station, TX, USA) was used for 257	
  

statistical analysis. 258	
  

Results 259	
  

The pre- and post- values of the analyzed variables are depicted in table 3. 260	
  

Furthermore, the changes and the adjusted 95% CI are included for each of the intervention 261	
  

groups. 262	
  

Table 3 263	
  

Differences from the baseline 264	
  

Only the HV-LF produced positive changes in body composition, as both total and 265	
  

relative amount of fat and fat-free mass decreased and increased respectively (Figure 1A and 266	
  

B), while body mass remained relatively stable. The LV-HF group demonstrated a positive 267	
  

change in fat-free mass only when expressed in kg (mass) but not as percentage. Although 268	
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both groups significantly increased vastus, medialis thickness (Figure 1D), only the HV-LF 269	
  

condition showed significant increases in arm circumference (Figure 1C) and elbow flexors 270	
  

thickness (Figure 1D). 271	
  

Different from the body composition outcomes, both groups produced similar 272	
  

significant improvements in the absolute and relative strength and upper body power values. 273	
  

(Table 3 and Figure 1E and 1F).  274	
  

Figure 1 275	
  

The individual responses to both RT protocols for the all analyzed variables are 276	
  

presented in the supplementary material. 277	
  

Comparison between groups 278	
  

No main significant differences were observed between groups. However, the HV-LF 279	
  

group showed a large effect size (>0.80) for increasing body mass and absolute 1RM bench 280	
  

press at post intervention (Table 3). 281	
  

Discussion 282	
  

The main finding of the present study indicates that both training designs using a high and a 283	
  

low weekly training frequency comprising the same weekly RT volume are effective in 284	
  

improving fat-free mass and performance in recreationally resistance trained individuals. 285	
  

Even though, no significant differences favoring one of the two used strategies were observed 286	
  

at post intervention, the HV-LF design seems to be more effective to enhance body mass (p = 287	
  

0.054, d= 1.08) and upper body strength (p = 0.067, d = 0.89). Although the trend to increase 288	
  

1RM bench press disappears when results are normalized by body mass, it seems that the 289	
  

HV-LF protocol produces a better stimulus for increasing body mass in this population. 290	
  

Moreover, along with a trend to increase anterior deltoids thickness the HV-LF group showed 291	
  

significant positive changes in the reduction of fat mass, as well as in the increase of fat-free 292	
  

mass (Figure 1A), arm circumference (Figure 1C), vastus medialis and elbow flexors 293	
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thickness (Figure 1D) (Table 3). The analysis of the individual changes revealed that almost 294	
  

all participants but one allocated in the HV-LF group showed a consistent decrease in fat 295	
  

mass. Conversely, the participants included in the LV-HF demonstrated a more 296	
  

heterogeneous response with 5 decreasing fat mass, 2 increasing and 2 showing no changes. 297	
  

Reasons for discrepancies can be attributed to the different patterns of response in RT 298	
  

between individuals as well as the lack of a strict control of the diet habits. Additionally, the 299	
  

higher metabolic stress associated with the HV-LF protocol represent an important stimulus 300	
  

for adaptations within skeletal muscle necessary to create an enhanced anabolic response 301	
  

(Burd et al. 2010; Buresh et al. 2009). High volume routines have also been associated with 302	
  

greater acute post training increase of testosterone (Smilios et al. 2003) and growth hormone 303	
  

(Mulligan et al. 1996) concentrations. Thereby increasing the potential of facilitating muscle 304	
  

tissue remodeling including a higher energy demand for supporting the recovery process 305	
  

(Schoenfeld et al. 2016). 306	
  

Only a few controlled trials investigated the effects of RT frequency on muscular 307	
  

adaptations. (Candow and Burke 2007) compared the effects of frequency between 2-days 308	
  

and 3-days weekly volume equated training in a cohort of untrained individuals. Conversely, 309	
  

after 6 weeks, no differences in muscle strength or lean body mass (as assessed by DXA) 310	
  

were identified between conditions. The aforementioned study included a gender mixed 311	
  

sample of 6 men and 29 women and consequently the influence of gender on lean mass gain 312	
  

could have affected results. Arazi and Asadi (2011) who also used untrained individuals, 313	
  

found similar results after an 8-week equalized-volume intervention comparing 1-day vs. 2-314	
  

days vs. 3-days weekly training volume as no significant differences amongst experimental 315	
  

groups on maximal strength were identified. Similarly, Gentil et al. (2015) in untrained 316	
  

individuals showed that after a 10-week equalized training volume, which compared a 1-day 317	
  

vs. 2-days weekly frequency, no differences between groups in terms of changes in muscle 318	
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mass and strength were identified. In contrast and using well-trained individuals, McLester et 319	
  

al. (2000) demonstrated that strength gains in a low frequency condition (1-day/week) were 320	
  

less than 62% of that achieved by a higher frequency (3-days/week) protocol over a 12-week 321	
  

training period. Moreover, differences for lean body mass accretion also favored the high 322	
  

frequency routine (~8% for 3-days and ~1% for 1-day weekly training routines). It is likely, 323	
  

that the apparent discrepancies in findings between the aforementioned investigations were 324	
  

subject to the different training status of participants as only McLester et al. (2000) used 325	
  

trained individuals.  326	
  

Results from the present study suggest that in recreationally resistance trained males, 327	
  

a twice-weekly training involving two different high-volume routines each performed once a 328	
  

week seems to elicit slightly superior changes in body composition. It is conceivable that 329	
  

early-phase adaptations in less-well trained individuals are less sensitive to alterations in 330	
  

frequency and that benefits reach more notable differences with a progressively higher 331	
  

training level. Indeed, a meta-analysis by Rhea et al. (2003) found that well-trained 332	
  

individuals require a greater number of weekly training sessions to maximize strength gains. 333	
  

Moreover, the low frequency condition implemented by McLester et al. (2000) involved only 334	
  

one session per week while the low frequency protocol implemented by Candow and Burke 335	
  

(2007) comprised two weekly training sessions. Thus, in novice or recreationally trained 336	
  

individuals, it could be hypothesized that a frequency of two weekly training sessions 337	
  

represents a threshold beyond which further increases may not yield additional benefits, 338	
  

without manipulating other variables, particularly the relative load or the overall weekly 339	
  

volume. 340	
  

The present results demonstrate greater increases in upper body muscle thickness with 341	
  

a lower weekly RT frequency. Our findings contrast with McLester et al. (2000) who 342	
  

identified greater improvements with a 3-weekly training frequency. Besides the 343	
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aforementioned issue of training level, the discrepancies in findings may partially be 344	
  

attributed by the differences in study designs. McLester et al. (2000) employed the same 345	
  

exercises each training session and participants were tested using the same exercises pre- and 346	
  

post- intervention. Furthermore, different from our study in which ultrasound measurements 347	
  

were conducted, McLester and colleagues estimated body composition through the use of the 348	
  

3-skinfold-site Jackson and Pollock equation and limb circumferences. Our study was 349	
  

designed to mimic the typical split-body routines used by resistance trained enthusiasts and 350	
  

thus exercises for each muscle group were rotated on a session to session basis each week. 351	
  

Even though this strategy provides sufficient recovery and avoids fatigue accumulation 352	
  

throughout the weekly routines in the major muscle groups (pectorals, back and lower body), 353	
  

for muscles such as biceps and triceps which act as synergists during several multiple-joint 354	
  

exercises, the training frequency was higher e.g. 4 (two as agonist and two as synergist) and 2 355	
  

(one as agonist and two as synergist) for the LV-HF and HV-LF groups respectively. 356	
  

Nonetheless, considering that the HV-LF group showed a more robust increase in muscle 357	
  

mass, the training frequency was still lower than three times per week. Moreover, McLester 358	
  

et al. (2000) utilized a 12-week intervention period, whereby the present study implemented a 359	
  

shorter, i.e. a 6-week duration.   360	
  

 Compared to a single set protocol, multiple sets per exercise sessions result in 361	
  

significantly greater metabolic stress (Gotshalk et al. 1997). Consequently, higher volume 362	
  

sessions can elicit a greater anabolic stimulus and hence require a longer recovery phase to 363	
  

enhance the hypertrophic response and adaptations to RT. While not reaching statistical 364	
  

significance between groups, this might have contributed to our findings of a more effective 365	
  

HV-LF training strategy. The suggestion that increasing the number of sets performed per 366	
  

session, rather than increasing the training frequency, is a more effective strategy to increase 367	
  

muscle size is in contrast to others (Dankel et al. 2017). Nonetheless, regardless how the 368	
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weekly volume is distributed over 1 or 2 sessions, it is important to highlight that all 369	
  

participants in the present study regardless of the protocol, performed 6 or more than 10 sets 370	
  

per week involving the action of vastus medialis or elbow flexors respectively. Even though 371	
  

these figures are in the line with the recent recommendations of >5 to 9 (moderate) and >9 372	
  

(high) weekly sets per muscle group for maximizing muscle mass increase (Schoenfeld et al. 373	
  

2017), the LV-HF protocol was not effective to significantly increase elbow flexors 374	
  

thickness. The lack of consistent responses opens an avenue for future research that 375	
  

investigates whether an increased training frequency while maintaining a similar weekly 376	
  

volume, does indeed results in greater muscle hypertrophy or strength gains. 377	
  

The present study had several limitations that must be considered when attempting to draw 378	
  

evidence-based inferences. Firstly, the low sample size of 9 participants included in each 379	
  

experimental group could increase the risk of type 2 error. Nonetheless, the presented effect 380	
  

size analysis reduces the risk of misinterpretation and suggests potential changes, which need 381	
  

to be confirmed in future studies. Furthermore, the study period lasted only 6 weeks and 382	
  

although this period was sufficient to achieve significant increases in muscular strength and 383	
  

hypertrophy for both groups, it is possible that results between groups could have diverged 384	
  

with a longer implemented intervention protocol. Secondly, a high degree of inter-individual 385	
  

variability was noted between participants, which limited the ability to detect significant 386	
  

differences in several outcome measures. Third, measurements of muscle thickness were 387	
  

obtained only at the middle portion of the muscle. Although this region is often used as a 388	
  

proxy of overall growth of a given muscle, research indicates that hypertrophy manifests in a 389	
  

regional specific manner, with greater gains sometimes seen at the proximal and/or distal 390	
  

aspects (Wakahara et al. 2012). Proposed mechanisms for this phenomenon include exercise 391	
  

specific intramuscular activation and or tissue oxygenation saturation (Miyamoto et al. 2013). 392	
  

The possibility therefore exists that different changes in proximal or distal muscle thickness 393	
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may have occurred in one condition vs. the other, which would have gone undetected. It is 394	
  

also important to highlight that diet was not controlled but participants were instructed to 395	
  

maintain their diet habit. Although nutritional changes were consistently monitored, 396	
  

providing a prepared and pre-packed diet to participants during the intervention would have 397	
  

offered an ideal scenario to standardize and control the influence of diet on the present 398	
  

results. 399	
  

From a practical point of view, provided that the total weekly training volume 400	
  

approaches a total of 9 exercises targeting 3 or 4 muscle groups (including the action of 401	
  

synergist muscles during multi-joint exercises) per session (= 36 per the entire training 402	
  

session), similar outcomes would be obtained by performing the entire training routine once a 403	
  

week or splitting the volume into two separate sessions over the same week. Nonetheless it is 404	
  

noteworthy that for recreationally resistance trained individuals using a HV-LF strategy over 405	
  

a short intervention period (i.e. 6 weeks) might be a better (day saving) option to induce 406	
  

hypertrophic effects and overall positive changes in body composition. At this point it is 407	
  

interesting to highlight that those who can only commit to short sessions, spreading out the 408	
  

volume over a LV-HF protocol might be an appropriate consideration.  409	
  

In conclusion, over a 6-week period, both weekly-equalized volume protocols, HV-LF and 410	
  

LV-HF were similarly effective to improve performance, fat-free mass and lower body 411	
  

muscle mass. However, only the HV-LF group was effective for enhancing upper body 412	
  

hypertrophy and reducing fat mass in recreationally resistance-trained males. 413	
  

Conflict of interest statement 414	
  

The authors declare there are no conflicts of interest relevant to this study. 415	
  

Acknowledgements 416	
  

The authors would like to thank the participants for their time and effort to complete 417	
  

the assessments and training protocol.  418	
  



18	
  
	
  

References 419	
  

Arazi, H. and Asadi, A. 2011. Effects of 8 weeks equal-volume resistance training with 420	
  

different workout frequency on maximal strength, endurance and body composition. Int. J. 421	
  

Sports, Sci. Eng. 5(2): 112-111. 422	
  

Bielemann, R.M., Gonzalez, M.C., Barbosa-Silva, T.G., Orlandi, S.P., Xavier, M.O., 423	
  

Bergmann, R.B., et al. 2016. Estimation of body fat in adults using a portable A-mode 424	
  

ultrasound. Nutrition, 32(4): 441-446. 425	
  

Bradley, M. and O’Donnell, P. 2002. Atlas of musculoskeletal ultrasound anatomy 426	
  

London Greenwich: Medical Media. 427	
  

Burd, N.A., West, D.W., Staples, A.W., Atherton, P.J., Baker, J.M., Moore, D.R., et al. 2010. 428	
  

Low-load high volume resistance exercise stimulates muscle protein synthesis more than 429	
  

high-load low volume resistance exercise in young men. PLoS one. 5(8): e12033. 430	
  

Buresh, R., Berg, K., and French, J. 2009. The effect of resistive exercise rest interval on 431	
  

hormonal response, strength, and hypertrophy with training. J. Strength Cond. Res. 23(1): 62-432	
  

71. 433	
  

Candow, D.G. and Burke, D.G. 2007. Effect of short-term equal-volume resistance training 434	
  

with different workout frequency on muscle mass and strength in untrained men and women. 435	
  

J. Strength Cond. Res. 21(1): 204-207. 436	
  

Cohen, J. (1988). Statistical power analysis for the behavioral sciences: Mahwah, NJ: 437	
  

Lawrence Erlbaum. 438	
  

Dankel, S.J., Mattocks, K.T., Jessee, M.B., Buckner, S.L., Mouser, J.G., Counts, B.R., et al. 439	
  

2017. Frequency: The Overlooked Resistance Training Variable for Inducing Muscle 440	
  

Hypertrophy? Sports Med. 47(5): 799-805. 441	
  

de Salles, B.F., Simao, R., Miranda, F., Novaes Jda, S., Lemos, A., and Willardson, J.M. 442	
  

2009. Rest interval between sets in strength training. Sports Med. 39(9): 765-777. 443	
  



19	
  
	
  

Dempster, P. and Aitkens, S. 1995. A new air displacement method for the determination of 444	
  

human body composition. Med. Sci. Sports Exerc. 27(12): 1692-1697. 445	
  

Ferreira, D.V., Gentil, P., Ferreira-Junior, J.B., Soares, S.R.S., Brown, L.E., and Bottaro, M. 446	
  

2017. Dissociated time course between peak torque and total work recovery following bench 447	
  

press training in resistance trained men. Physiol. Behav. 179(143-147. 448	
  

Gentil, P., Fischer, B., Martorelli, A.S., Lima, R.M., and Bottaro, M. 2015. Effects of equal-449	
  

volume resistance training performed one or two times a week in upper body muscle size and 450	
  

strength of untrained young men. J. Sports Med. Phys. Fitness, 55(3): 144-149. 451	
  

Gentil, P., de Lira, C.A.B., Paoli, A., Dos Santos, J.A.B., da Silva, R.D.T., Junior, J.R.P., et 452	
  

al. 2017. Nutrition, Pharmacological and Training Strategies Adopted by Six Bodybuilders: 453	
  

Case Report and Critical Review. Eur. J. Transl. Myol. 27(1): 6247. 454	
  

Gotshalk, L.A., Loebel, C.C., Nindl, B.C., Putukian, M., Sebastianelli, W.J., Newton, R.U., et 455	
  

al. 1997. Hormonal responses of multiset versus single-set heavy-resistance exercise 456	
  

protocols. Can. J. Appl. Physiol. 22(3): 244-255. 457	
  

Heymsfield, S.B., McManus, C., Smith, J., Stevens, V., and Nixon, D.W. 1982. 458	
  

Anthropometric measurement of muscle mass: revised equations for calculating bone-free 459	
  

arm muscle area. Am. J. Clin. Nutr. 36(4): 680-690. 460	
  

Kerksick, C.M., Wilborn, C.D., Campbell, B.I., Roberts, M.D., Rasmussen, C.J., Greenwood, 461	
  

M., et al. 2009. Early-phase adaptations to a split-body, linear periodization resistance 462	
  

training program in college-aged and middle-aged men. J. Strength Cond. Res. 23(3): 962-463	
  

971. 464	
  

Klemp, A., Dolan, C., Quiles, J.M., Blanco, R., Zoeller, R.F., Graves, B.S., et al. 2016. 465	
  

Volume-equated high- and low-repetition daily undulating programming strategies produce 466	
  

similar hypertrophy and strength adaptations. Appl. Physiol. Nutr. Metab. 41(7): 699-705. 467	
  



20	
  
	
  

Kraemer, W.J. and Ratamess, N.A. 2004. Fundamentals of resistance training: progression 468	
  

and exercise prescription. Med. Sci. Sports. Exerc. 36(4): 674-688. 469	
  

Kraemer, W.J., Ratamess, N.A., and French, D.N. 2002. Resistance training for health and 470	
  

performance. Curr. Sports Med. Rep. 1(3): 165-171. 471	
  

Krieger, J.W. 2009. Single versus multiple sets of resistance exercise: a meta-regression. J. 472	
  

Strength Cond. Res. 23(6): 1890-1901. 473	
  

Krieger, J.W. 2010. Single vs. multiple sets of resistance exercise for muscle hypertrophy: a 474	
  

meta-analysis. J. Strength Cond. Res. 24(4): 1150-1159. 475	
  

McGuigan, M. 2016. Administration, scoring and interpretation of selected tests. In 476	
  

Essentials of Strength and Conditioning. Edited by G.G. Haff and N.T. Tripplet. Human 477	
  

Kinetics Champaign, IL. pp. 259–316. 478	
  

McLester, J.R., Bishop, E., and Guilliams, M.E. 2000. Comparison of 1 Day and 3 Days Per 479	
  

Week of Equal-Volume Resistance Training in Experienced Subjects. J. Strength Cond. Res.  480	
  

14(3): 273-281. 481	
  

Miyamoto, N., Wakahara, T., Ema, R., and Kawakami, Y. 2013. Non-uniform muscle 482	
  

oxygenation despite uniform neuromuscular activity within the vastus lateralis during 483	
  

fatiguing heavy resistance exercise. Clin. Physiol. Funct. Imaging, 33(6): 463-469. 484	
  

Mulligan, S.E., Fleck, S.J., Gordon, S.E., Koziris, L.P., Triplett-McBride, N.T., and W.J., K. 485	
  

1996. Influence of resistance exercise volume on serum growth hormone and cortisol 486	
  

concentrations in women. J. Strength Cond. Res. 10(4): 256-262. 487	
  

Ostrowski, K., J., Wilson, G.J., Weatherby, R., Murphy, P.W., and Lyttle, A.D. 1997. The 488	
  

effect of weight training volume on hormonal Output and muscular Size and function. J J. 489	
  

Strength Cond. Res.  11(1): 148-154. 490	
  



21	
  
	
  

Panton, L.B., Rathmacher, J.A., Baier, S., and Nissen, S. 2000. Nutritional supplementation 491	
  

of the leucine metabolite beta-hydroxy-beta-methylbutyrate (hmb) during resistance training. 492	
  

Nutrition, 16(9): 734-739. 493	
  

Rhea, M.R., Alvar, B.A., Burkett, L.N., and Ball, S.D. 2003. A meta-analysis to determine 494	
  

the dose response for strength development. Med. Sci. Sports Exerc. 35(3): 456-464. 495	
  

Ross, W.D. and Marfell-Jones, M.J. 1991. Kineanthropometry, Chapter 6. In Physiological 496	
  

Testing of high performance athlete. Edited by J.C. MacDougal, H.A. Wenger, andH.J. 497	
  

Green. Human Kinetics, Champaing IL. pp. 223-308. 498	
  

Schoenfeld, B.J. 2010. The mechanisms of muscle hypertrophy and their application to 499	
  

resistance training. J. Strength Cond. Res.  24(10): 2857-2872. 500	
  

Schoenfeld, B.J., Ogborn, D., and Krieger, J.W. 2016. Effects of Resistance Training 501	
  

Frequency on Measures of Muscle Hypertrophy: A Systematic Review and Meta-Analysis. 502	
  

Sports Med. 46(11): 1689-1697. 503	
  

Schoenfeld, B.J., Ogborn, D., and Krieger, J.W. 2017. The dose-response relationship 504	
  

between resistance training volume and muscle hypertrophy: are there really still any doubts? 505	
  

J. Sports Sci. 35(20): 1985-1987. 506	
  

Schoenfeld, B.J., Ratamess, N.A., Peterson, M.D., Contreras, B., and Tiryaki-Sonmez, G. 507	
  

2015. Influence of Resistance Training Frequency on Muscular Adaptations in Well-Trained 508	
  

Men. J J. Strength Cond. Res. 29(7): 1821-1829. 509	
  

Siri, W.E. 1961. Body composition from fluid spaces and density: analysis of methods. In 510	
  

Techniques for measuring body composition. . Edited by J. Brozek, A. Henschel, andD.C. 511	
  

Washington. National Academeny of Sciences, National Research Council pp. 223-244. 512	
  

Smilios, I., Pilianidis, T., Karamouzis, M., and Tokmakidis, S.P. 2003. Hormonal responses 513	
  

after various resistance exercise protocols. Med. Sci. Sports Exerc. 35(4): 644-654. 514	
  



22	
  
	
  

Steele, J., Fisher, J., Giessing, J., and Gentil, P. 2017. Clarity in reporting terminology and 515	
  

definitions of set endpoints in resistance training. Muscle Nerve, 56(3): 368-374. 516	
  

Wakahara, T., Miyamoto, N., Sugisaki, N., Murata, K., Kanehisa, H., Kawakami, Y., et al. 517	
  

2012. Association between regional differences in muscle activation in one session of 518	
  

resistance exercise and in muscle hypertrophy after resistance training. Eur. J. Appl. Physiol. 519	
  

112(4): 1569-1576. 520	
  

Wernbom, M., Augustsson, J., and Thmeê, R. 2007. The influence of frequency, intensity, 521	
  

volume and mode of strength training on whole muscle cross-sectional in humans. Sports 522	
  

Med. 37(3): 225-264. 523	
  

  524	
  



23	
  
	
  

Table 1. Exercises performed in the two training routines 525	
  

Training protocol 1 
(chest, arm flexors and shoulders) 

Training protocol 2 
(back, arm extensors and lower body) 

Bench press Lateral pull-down 

Dumbbell Fly Dumbbell reverse fly 

Chest press Barbell pullover 

Barbell curl Barbell lying arm extension 

Seated dumbbell curl  Barbell close grip press on bench 

Reverse grip bent-over row  Cable pushdowns 

Dumbbell deltoid raise Parallel squat 

Barbell shoulder press  Dead lift  

Barbell shoulder front raise Machine leg curl 

 526	
  

  527	
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Table 2.  Acute program variables for the intervention groups 528	
  

Variable LV-HF 
(n= 9) 

HV-LF 
(n= 9) 

Reps per set and estimated intensity 8 to 12  
(~75% 1RM) 

8 to 12 
 (~75% 1RM) 

Training sessions per week 4 2 

Number of exercises per session 9 9 

Sets per exercise  2  4  

Total sets per training session 
(workout volume) 18 36 

Sessions per each routine  
(training frequency) 2 1 

Total sets per week by  
Exercises  
Routine  

 
4 

36 

 
4 

36 

 529	
  


