Journal of Strength and Conditioning Resear ch Publish Ahead of Print
DOI: 10.1519/JSC.0000000000002563

uo ==61beyalySADAIUSIIAYUPTBD 1 §ZWAY016648NIDASH/IA071D LDENIAEAHIDII/AD AUMY L XOMADUOINX #OHISABZIU M +BYNJOIL WNOTZ|L AeMHJRGINQUE Aq Josf-

8102/90/80

Title Page

Effect of Resistance Training Frequency on Neuraulas Performance and Muscle

Morphology after Eight Weeks in Trained Men

Authors: Felipe Alves Brigatto Tiago Volpi Braz?, Thamires Cristina da Costa Zanjni
Moisés Diego Germarip Marcelo Saldanha Acki Brad Jon Schoenféld Paulo
Henrique Marchettj Charles Ricardo Lop&8

Brief running head: Resistance Training Frequency

Place of development of the study

'Methodist University of Piracicaba, Human PerforsmnResearch Laboratory,
Piracicaba, Sao Paulo, Brazil.

Faculty of Americana, Americana, S&o Paulo, Brazil.

3School of Arts, Sciences and Humanities, Universitg&o Paulo, Sdo Paulo, Brazil.
*Department of Health Sciences, CUNY Lehman Coll@yenx, New York, USA.
>Department of Kinesiology, California State UnivigrsNorthridge, California, USA.

®Adventist Faculty of Hortolandia, Hortolandia, S2aulo, Brazil.

Correspondence Address

Felipe Alves Brigatto

Methodist University of Piracicaba (UNIMEP). Colegf Health Science (FACIS).
Graduate Program in Science of Human Movement. Qamifaquaral. Rodovia do
Acucar, km 156. Piracicaba (SP) Brazil. CEP: 13900-

E-mail: filephi@gmail.com

Telephone: +55 19 998800153

Copyright © National Strength and Conditioning Association



10

11

12

13

14

15

16

17

18

19

Abstract

The purpose of this study was to investigate thergh effects of training muscle
groups 1 day per week vs. 2 days per weakneuromuscular performance and
morphological adaptations in trained men with thenber of sets per muscle group
equated between conditions. Participants were rahdassigned in 2 experimental
groups: 1 session-Wkper muscle group (G1, n = 10), where every musmemwas
trained once a week with 16 sets or 2 sessioriSpek muscle group (G2, n = 10),
where every muscle group was trained twice a weitk 8vsets per session. All other
variables were held constant over the 8-week spehjod. No significant difference
between conditions for maximal strength in the bagkiat or bench press, muscle
thickness in the elbow extensors, elbow flexors,goadriceps femoris, and muscle
endurance in the back squat and bench press pedoan60% 1RM was detected.
Effect size favored G2 for some outcome measuresnenggesting the potential of a
slight benefit to the higher training frequency. tonclusion, both G1 and G2
significantly enhance neuromuscular adaptationt) wisimilar change noted between

experimental conditions.

Keywords: Split body routine; resistance trainingguency; muscle hypertrophy;

maximal strength.
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INTRODUCTION

Resistance training (RT) is a well-established ritdato generate an
improvement in strength, power, muscular enduraamo@ muscle hypertrophy (29).
These neuromuscular adaptations are maximized Ioyporlating RT variables, such as
volume, intensity, frequency of training, rest mtd, choice and order of exercises,
velocity of execution, muscular actions, and rangenotion (29). On a general level,
RT frequency refers to the number of sessions pedd during a specific period,
usually described on a weekly basis. Frequencybmarfurther characterized by the
number of sessions per week (sessiong)virk which the same muscle group is trained
(36).

As a general rule, those involved in RT programih \wiypertrophy as a primary
goal train each muscle group relatively infrequebtit perform a high volume of work
per muscle group in a session (36). Indeed, a teceta-analysis conducted by
Schoenfeld et al. (35) showed that muscular devedop is greater when performing at
least 10 weekly sets per muscle group in compats@or less sets (35). Accordingly,
split routines (where multiple exercises are penied for a specific muscle group in a
training bout) may enhance hypertrophy by allowioga greater weekly RT volume
(number of sets per muscle group) to be perforrheyl (

A survey of 127 competitive male bodybuilders rfduthat a majority of
participants performed ~4 sets per exercise of iffdrent exercises per muscle group,
thus totaling ~16 sets targeting a specific mugoteip within a single training session
per week (13). Furthermore, the training frequeranyged between 5 to 6 sessions a
week among bodybuilders’ surveyed. The study fotlmad 69% of bodybuilders train
each muscle group only once per week, while theaneimg 31% reported to train each

muscle group twice weekly (13).
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The American College of Sports Medicine (ACSM) macoends that advanced
lifters employ split routines training 1 to 3 musajroups per workout to maximize
muscular adaptations (29). In addition, the ACSMomemends 4 to 6 split-body
training sessions-\wkwhereby muscle groups are trained once or twicekiye(29).
Literature reviews and systematic reviews with rastalyses are somewhat equivocal
in the topic (28,30,34,44). Rhea et al. (30) codetl that trained individuals
demonstrated a maximum strength gain when theypeed 2 sessions:Wkior each
muscle group. With respect to muscle hypertrophyreaent meta-analysis by
Schoenfeld et al. (34) concluded that 2 session$redult in a superior hypertrophy
development compared to 1 sessiori*wk

However, there have been a paucity of randomizals itonducted in resistance
trained subjects comparing the effects of differddT frequencies on muscle
hypertrophy. Of the 7 studies meeting inclusiontecia in the meta-analysis of
Schoenfeld et al. (34), 5 were specific to untrdisabjects including young (11) and
middle-aged men (5); and middle-aged (3,5) andrigldeomen (6,22); only 2 studies
were carried out using resistance trained subj@ets86). Moreover, the study with the
highest statistical weight in the meta-analysis veasnposed of a sample of 53
untrained elderly women (6). Although the meta-gsial conducted by Schoenfeld et
al. (34) provides relevant knowledge about theatsfef different RT frequencies on
measurement of muscle hypertrophy, it is diffictdt draw conclusions to a dose-
response relationship due to heterogeneity of stdbjend training frequencies across
the studies.

The vast majority of studies assessing the effettgaining frequency on the
change in muscle size have been limited to indineeasures of total lean mass (e.g.,

whole body dual-energy X-ray absorptiometry, biotleal impedance analysis,
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skinfold technique and circumference measureme(®s),6,22,24,25,31). To the
authors’ knowledge, only 1 published study investg the effects of different RT
frequencies on morphological adaptations in traisojects using validated diagnostic
imaging methods (e.g., ultrasound) to assess taegehin muscle size (36).

Moreover, to the authors’ knowledge, no publishéddy has compared the
volume equated effects of 1 vs. 2 sessions per lmygoup per week on muscular
adaptations in trained men, which are the 2 motnoemployed frequencies by
bodybuilders (13). Therefore, the purpose of thiglyg was to investigate the chronic
effects of training muscle groups 1 day per weekkvdays per wegkvhere the number
of sets per muscle group was equated: 16 weeklg pet muscle group) on
neuromuscular performance and morphological adaptatn trained men. The authors
employed high RT volumes typically associated viatgdybuilding-style training and
the use of validated diagnostic imaging methodsditectly assess the change in MT.
Based on meta-analytic data, the authors hypotb@dizat training muscle groups 2
sessions with 8 sets per muscle per week wouldce@usignificantly greater gain in

muscle size and strength compared to 1 day a webKl% sets.

METHODS

Experimental Approach to the Problem

The present study followed a randomized, longitadotesign (38). Participants
were pair-matched according to baseline strengthtlaen randomly assigned to 1 of 2
experimental groups: 1 session-¥yler muscle group (G1, n = 10), where every muscle
group was trained once a week with 16 sets or fices wk' per muscle group (G2, n

= 10), where every muscle group was trained twiseek with 8 sets per session.
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All other RT variables (e.g., exercise performedgereise order, range of
repetitions, rest interval between sets and ex@scigtc.) were held constant. The
experimental period lasted 11 week&week — familiarization period;"2week — pre-
intervention period (baseline)"3.0" week — training intervention period; "l iveek —
post-intervention period. The training interventipariod lasted 8 weeks and the total
load lifted (TLL) and the internal training loadT{) was calculated for every RT
session in order to compare the accumulated extemaing load (assessed by TLL)
and the ITL between experimental groups acrosgteevention period.

Testing was carried out pre- and post-intervenpienods for maximal voluntary
muscle strength (1RM test for bench press and lpatack squat exercises), muscular
endurance (maximum repetitions at 60% of 1RM tesbench press and parallel back
squat exercises), and muscle thickness (MT) ofribeps brachii, elbow flexors (biceps
brachii and brachialis), vastus lateralis - and amtequadriceps (rectus femoris and
vastus intermedius). In thé'tveek, volunteers attended 2 familiarization sessiorthe
laboratory and they reported to have refrained fpmrforming any exercise other than
activities of daily living for at least 48 hoursiqarto first familiarization session. In the
first session, volunteers were familiarized to 1RNd 60%1RM tests. The following
day (24 h after), volunteers were familiarized tanslard procedures adopted in all RT
exercises; such as body position, cadence, rangmaotibn, rest, etc. Additionally,

subjects were trained and instructed to record thetary intake.

Subjects
Twenty healthy young males (27.1 £ 5.5 years; £ 8405 m; total body mass =
77.9 + 6.7 kg; RT experience = 4.1 + 1.8 years;fRfjuency = 4.5 + 0.7 session-Wk

volunteered to participate in this study. The sangite was justified by a priori power
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analysis based on a pilot study where the vastigsales MT was assessed as the
outcome measure with a target effect size diffezayfd.75, an alpha level of 0.05, and
a power (1) of 0.80 (9). Subjects were well trained; all Haegkn performing RT a
minimum of 3 day-week for at least 1 year in thevdrsity RT facility. The range of
RT experience was 2-8 years. All subjects regulpesformed (minimum frequency of
once a week) all exercises utilized in the trainimgrvention and in the strength tests
for at least 1 year before entering the study. Meee, subjects were free from any
existing musculoskeletal disorders; history of mgjwith residual symptoms (pain,
“giving-away” sensations) in the trunk, upper aondiér limbs within the last year and
stated they had not taken anabolic steroids oro#mgr illegal agents known to increase
muscle size currently and for the previous yeausTiparticipation in the study required
that the subjects answered negatively to all goeston the Physical Activity Readiness
Questionnaire (PAR-Q) and had a minimum 1RM pdrddeeck squat of 1.25x total
body mass and a 1RM bench press of at least egtiadai body mass (18). This study
was approved by the university research ethics attesn(protocol 1.792.429); all

subjects read and signed an informed consent dodume

*** Table 1 about here ***

Resistance Training Program

The RT protocol consisted of 9 exercises targetiagh of the major muscle
groups. Subjects were instructed to refrain fromfgeing any additional resistance-
type training for the duration of the study. Ovke tcourse of each training week, all
subjects performed the same exercises and repetiblome throughout the duration of

the study, that is, consisting of a linear mesaeyath a duration of 8 weeks (29).
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The specific protocols for G1 and G2 are outlinedable 2. The exercises were
chosen based on their common inclusion in bodymgldand strength-type RT
programs (2). The weekly training protocol for bgtioups consisted of 2 split routines
targeting specific muscle groups: split routineAd(;) — bench press, dumbbell flat fly,
cable triceps press-down, parallel back squat agdektension; and split routine B
(Brou) — lat pulldown machine, cable straight-arm latlgmwn, dumbbell standing
biceps curl and machine seated leg curl.

The G1 weekly training consisted of 2 training &S (Aout + Brouw) Whereas
G2 weekly training consisted of 4 training sessiORgu: + Brout + Arout + Brouy). Thus,
both experimental groups performed 16 weekly setstlie major muscle groups,
comprising 8 sets of multi-joint exercises and & & single-joint exercises, except for
hamstrings muscles that were stimulated with 16klyesets of single-joint exercise
(machine seated leg curl). Each set involved 8-a&imum repetitions (RM) with 60
seconds of rest afforded between sets and 120 det@tween exercises. All sets were
carried out to the point of momentary concentricsoular failure, operationally defined
as the inability to perform another concentric tema& while maintaining proper form.
Cadence of repetitions was carried out in a cdetlofashion, with concentric and
eccentric actions of approximately 1.5 s, for alto¢petition duration of approximately
3 s. The external load was adjusted for each eseei@s needed on successive sets to
ensure that subjects achieve failure in the targ@étition range. All RT sessions were
preceded by a specific warm-up consisting of tws s& 10 repetitions with 50% of the
external overload used in the first set of all elms of the session. All subjects
reported a rating of perception exertion (RPE) Basethe RPE/RIR scale (14) of 9.5-

10 for all sets and exercises across RT sessions.
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All routines were directly supervised by researsBistants to ensure proper
performance of the respective routines. Before tthening intervention period, all
subjects underwent 10RM testing (according to dinde established by the National
Strength and Conditioning Association, NSCA (2)) determine individual initial
training loads for each exercise. Attempts were ental progressively increase the
external loads lifted each week while maintaining target repetition range. No injuries

were reported and the adherence to the prograni®@¥% for both groups.

*** Table 2 about here ***

Estimate of Food Intake

To avoid potential dietary confounding of resulssibjects were advised to
maintain their customary nutritional regimen andawoid taking any supplements
during the study period. Dietary nutrient intakesvessessed by 24-hour food recalls on
2 nonconsecutive weekdays and 1 day of the weeKédralsubjects were instructed to
record in detail: time of consumption, types andrgity of food preparations consumed
during 24 hours. The quantity of food was recorotedooking units (spoons, cups and
glass) and transformed in to grams. The estimatioanergy intake (macronutrients)
was analyzed by NutWin software (UNIFESP, Sao RaBtazil). The estimated food
intake was assessed during weeks 1 and 8 of tinegantervention period.

*** Table 3 about here ***

Measurements
Muscle Strength. Upper- and lower-body maximum strength was assety 1RM
testing in the bench press (1BMcH) and parallel back squat (1RMLaT) exercises.

Subjects reported to the laboratory having refchif®m any exercise other than
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activities of daily living for at least 48 hoursfbee baseline testing and at least 48
hours before testing at the conclusion of the stidgximum strength testing was

consistent with recognized guidelines as estaldisghethe NSCA (2). Prior to testing,

subjects performed a general warm-up consisting wiinutes cycling (Schwinne, AC

Sport) at 60-70 rpm and 50w. Next, a specific waprset of the given exercise of 5
repetitions was performed at ~50% 1RM followed bip P sets of 2—3 repetitions at a
load corresponding to ~60-80% 1RM. Subjects thefopeed sets of 1 repetition of

increasing weight for 1RM determination. The exé¢toad was adjusted by ~5-10% in
subsequent attempts until the subject was unaldertiplete 1 maximal muscle action.
The 1RM was considered the highest external loéeldli A 3- to 5-minute rest was

afforded between each successive attempt. All 1i@Mrchinations were made within 5

attempts.

Successful 1RMEncy Was - achieved if the subject displayed a 5-poindybo
contact position (head, upper back, and buttockslyfion the bench with both feet flat
on the floor), lowered the bar to touch his chast] executed full elbow extension. The
grip width was standardized at 200% of biacromiaditiv (27). In the 1RMguar,
subjects were required to squat down so that theofahe thigh was parallel to the
ground (~90 degrees of knee joint flexion) for ttterapt to be considered successful as
determined by a research assistant who was positidaterally to the subject. The
barbell was positioned on the shoulders (high lesitipn) and the subjects’ feet were
always positioned at hip width (8).

A 1RMgencH testing was conducted before 1Bddar with a 20-minute rest
period separating tests. Strength testing wasethout using free weights. Recording
of feet and hands placement were made during famnzitition strength testing and then

used for pre- and post-intervention performanctstas well as at all training sessions.
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All testing sessions were supervised by the rebemam to achieve a consensus for
success on each attempt. The test-retest intracdes®lation coefficient (ICC),
coefficient of variation (CV) and the standard ewbthe measurement (SEM) from our
lab for 1IRMsencnare 0.989, 0.8% and 2.05 kg, respectively. The ICCand SEM for

1RMsquarare 0.990, 0,7% and 1.95 kg, respectively.

Muscle Endurance (ME). For assessments of ME, participants performeanasy
repetitions as possible to muscular failure witbgar form at 60% of 1RM load (4) on
both the bench press (60%1BMcH) and parallel back squat (60%1RB#4a7). The
ME testing’ cadence was standardized at 40bpm (viee Beats, Stonekick). ME
was measured 30-minute after 1RM testing for eaghcese, with 60% of the 1RM
load obtained on each specific testing day. A 60%d&RM; testing was conducted
before 60%1RMquat With a 30-minute rest period separating tests. t€geretest ICC,
CV and SEM from our lab for 60%1Rd\cy are 0.943, 2.3% and 0.83 repetitions,
respectively. The ICC, CV and SEM for 60%1Bdar are 0.910, 3.3% and 1,13

repetitions, respectively.

Muscle Thickness (MT). Ultrasound imaging was used to obtain measurenarisT.

A trained technician performed all testing using/Amode ultrasound imaging unit
(Bodymetrix Pro System; Intelametrix Inc., LiverraprCA, USA). Following a
generous application of a water-soluble transmisgjel (Mercur S.A. — Body Care,
Santa Cruz do Sul, RS, Brazil) to the measured &i®5-MHz linear probe was placed
perpendicular to the tissue interface without degireg the skin. Equipment settings
were optimized for image quality according to thenufacturer’s user manual and held

constant among testing sessions. When the qudiitheoimage was deemed to be
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satisfactory, the image was saved to the hard dmeeMT dimensions were obtained
by measuring the distance from the subcutaneoy®selitissue—muscle interface to the
muscle-bone interface per methods used by Abe €t)alMeasurements were taken on
the right side of the body at 4 sites: triceps biig®1T 1g), elbow flexors (MEp), vastus
lateralis (MTy) and anterior quadriceps (Md). Upper arm measurements were
conducted while participants were standing. Folimyiparticipants laid supine on an
examination table for measurements of the thighahess

For the anterior and posterior upper arm, measurEmeere taken 60% distal
between the lateral epicondyle of the humerus Badatromion process of the scapula;
for the thigh muscles, measurements were taken@0e distance between the lateral
condyle of the femur and greater trochanter. Foha@aeasurement, the examined limb
was secured to minimize unwanted movement. To @airdonsistency between pre-
and post-intervention testing, each site was markigd henna ink (reinforced every
week). In an effort to help ensure that swellingthe muscles from training did not
obscure results, images were obtained 48-72 hafsdocommencement of the study
and after the final training session. This is cstegit with research showing that an
acute increase in muscle thickness returns to inasefithin 48 hours following a RT
session (26).

To further ensure accuracy of measurements, dt3dasages were obtained for
each site. If measurements were within 1mm of oreheer the figures were averaged
to obtain a final value. If measurements were ntbeen 1mm of one another, a fourth
image was obtained and the closest 3 measuremengstiaen averaged. The test-retest
ICC from our lab for Mg, MTeg, MTy and MTag are 0.998, 0.996, 0.999 and 0.995,
respectively. The CV for these measures are 046006 e 0.7%, respectively. The SEM

for these measures are 0.42, 0.29, 0.41 and 0.40@spectively.
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Total Load Lifted (TLL). TLL (sets x repetitions x external load [kgf])7(3was
calculated from training logs filled out by resdagssistants for every RT session. The
weekly TLL (TLLweek) was calculated as the values corresponding testine of the
loads calculated for the RT sessions (G1 = 2 sessik’; G2 = 4 sessions- W in
each week. The accumulated TLL (ATLL) was the sumalb RT weeks. Only
repetitions performed through a full range of motigere included for analysis. The

data were expressed in kilogram-force units (kgf).

Internal Training Load (I TL). Subjects reported their session-RPE (sRPE), acaptd
the OMNI-Resistance Exercise Scale (OMNI-RES),daibd to measure RPE in RT
(32). Subjects were shown the scale 10 minutes @fteh session (7) and asked: “How
intense was your session?” and were request to cekain that their RPE referred to
the intensity of the whole session rather tharh&rhost recent exercise intensity. The
ITL for each session was calculated multiplying tiil time under tension spent in the
session in minutes by the sRPE (10). The weekly(ITLweek) were calculated as the
values corresponding to the sum of the ITLs catedldor the RT sessions (G1 = 2
sessions-wk G2 = 4 sessions- Wi in each week. Total ITL (ITkoTa) Was the sum

of all RT weeks. The data were expressed in argitraits (a.u.).

Statistical analyses

The normality and homogeneity of the variances werdied using the Shapiro-Wilk
and Levene tests, respectively. The mean, stardiandtion (SD) and 90% confidence
intervals (Cl) were used after the data normaligs\vassumed. To compare mean values
of the descriptive variables, ATLL and [F&ra. between-groups (G1 vs G2), a paired

t-test was used. A 2x2 repeated measures ANOVA&r@action groups [G1 and G2] x

Copyright © National Strength and Conditioning Association



294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

time [pre- vs post-intervention]) was used to coraphe food intake and dependent-
variables (1RMencH, 1RMsquat, 60%1RMsencH 60%1RMsquat, MT1e, MTeR, MTyy,
MTag). A 2x8 repeated measures ANOVA (interaction gl and G2] x time
[week 1 to 8]) was used to compare the variablebwEex and ITLweek. Post hoc
comparisons were performed with the Bonferroni e correction). Assumptions of
sphericity were evaluated using Mauchly’s test. Y&hgphericity was violatedp(<
0.05), the Greenhouse—Geisser correction factorapasied. In addition, effect sizes
were evaluated using a partial eta squanrég),(with < 0.06, 0.06-0.14 and, >0.14
indicating a small, medium, and large effect, retipely (38). All analyses were
conducted in SPSS-22.0 software (IBM Corp., Armohk;, USA). The adopted
significance was 5%. Furthermore, the magnitudeshefdifference were examined
using the standardized difference based on Colieuarsts by means of effect sized) (
(15). Thed results were qualitatively interpreted using tb#ofving thresholds: <0.2,
trivial; 0.2-0.6, small; 0.6-1.2, moderate; 1.2;2&rge; 2.0-4.0, very large and; >4.0,
nearly perfect. The quantitative chances for higloer lower differences were
qualitatively assessed as follows: <1%, almostagdst not; 5%, very unlikely;
5-25%, unlikely; 25—75%, Possibly; 75-95%, likely; 95-99%, very likely; >99%,
almost certain. If the chances for having higherlawer values than the smallest
worthwhile difference were >5%, the true differenmas considered unclear. Data

analysis was performed using a modified statisttoadel spreadsheet (15).

RESULTS
No significant difference was noted between granmny baseline measurements fall
> 0.05 [Table 1]). There was no significant diffece in any dietary intake variable

either within- or between-groups over the coursthefstudy (alp > 0.05 [Table 3]).
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Maximal Strength

A significant main effect of timeHy ;5= 83.232,p < 0.001,112p = 0.822), but not group
x time interaction F; 15= 0.003,p = 0.954,1% = 0.0002), was observed for 1RMck.
Both groups showed a significant increase from baséb post-intervention by 7.8 kg
(7.5%; p < 0.001;d = 0.57) and 7.8 kg (7.8% < 0.001;d = 0.57) for G1 and G2,
respectively (Table 4). There was a significantmeffect of time ;5= 83.839,p <
0.001,112p = 0.823), but not group x time interactiofy (s= 0.019,p = 0.891,112p =
0.001) for 1IRMgquat. Both groups showed a significant incre&reen baseline to post-
intervention by 20.1 kg (13.5%);< 0.001;d = 1.00) and 19.5kg (13.9%;< 0.001;,d =

0.91) for G1 and G2, respectively (Table 4).

Muscular Endurance

A significant main effect of timeFj 1= 14.564,p = 0.001,n°, = 0.447), but not group
X time interaction K113 = 0.963, p = 0.339, 1% = 0.051), was observed for
60%1RMsench A significant increase was noted for the G2 (+2p: 14.3%;p =
0.003;d = 1.36) but not the G1 (+1.3 rep: 8.4f0>= 0.060;d = 0.51) from baseline to
post-study (Table 4).

There was a significant main effect of tinte, (s = 31.342,p < 0.001,112p =
0.635), but not group x time interactioR,gs= 1.342,p = 0.262,1]2p = 0.069) for
60%1RMsquat. Both groups showed a significant increase fromelas to post-
intervention by 2.3 rep (13.1%;= 0.006;d = 1.10) and 3.5 rep (18.8%;= < 0.001d

=1.14) for G1 and G2, respectively (Table 4).

*** Table 4 about here ***
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Muscle Thickness

A significant main effect of timeF 1s= 168.162p < 0.001,1%, = 0.903), but not group
x time interaction Ky 1= 0.112,p = 0.741,n°%, = 0.006) was observed for M3. A
significant increase was noted for both G1 (+2.5M%%;p < 0.001;d = 0.53) and G2
(+2.5 mm: 5.7%p < 0.001;d = 0.53) from baseline to post-intervention (Table 5

There was a significant main effect of tinfe (s= 147.486,p < 0.001,112p =
0.891), but not group x time interactioR; gs= 0.007,p = 0.935,r|2p = 0.0004) for
MTegr. A significant increase was noted for both G1 (H3@: 6.1%;p < 0.001;d =
0.47), and G2 (+2.9 mm: 5.7%;< 0.001;d = 0.38) from baseline to post-intervention
(Table 5).

A significant main effect of timeFq 1g= 228.930,p < 0.001,n% = 0.927), but
not group X time interactiorF{ ;5= 0.110,p = 0.744,112p = 0.006), was observed for
MTy.. A significant increase was noted for both G1 {+dm: 9.2%;p < 0.001;d =
1.00) and G2 (+4.9 mm: 9.6%;< 0.001;d = 0.94) from baseline to post-intervention
(Table 5).

There was a significant main effect of tinfe (s= 383.183,p < O.OOl,nzp =
0.955), but not group x time interactidf js= 1.666,p = 0.213,112IO = 0.085) for MTag.

A significant increase was noted for both G1 (+#2: 9.2%;p < 0.001;d = 1.02) and

G2 (+4.8 mm: 10.9%p < 0.001;d = 1.36) from baseline to post-intervention (Tahje

*** Table 5 about here ***

***Figure 1 about here***
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Total Load Lifted

Figure 2 shows the Thigex measured during the intervention period. A sigaifit
main effect of time K2.991 53.834= 51.182,p < 0.001,112p = 0.740), and group x time
interaction Fy.901 5383+ 8.485,p < 0.001,n% = 0.320), was observed for Tiykex. NO
significant difference among weeks was observeddbrgroup (allp > 0.05). In G2
group, a significant increase was observed forwdek-s, TLLweek-7and TLLyeek-sas
compared to TLlyeex1 (@ll p < 0.05) (Figure 2). A significant difference betwee
groups was noted such that G2 produced superiofydddcompared to G1 in weeks 2-
8 (allp < 0.05) (Figure 2). A significant difference betmegroups was noted such that

G2 produced superior ATLtompared to G1 (16.3%;= 0.010;d = 1.24) (Figure 3).

*** Figure 2 about here ***

Internal Training Load

A significant main effect of timeF; 670 48.06= 7.923,p < 0.001,112p = 0.306), but not
group x time interaction; s70.48.065= 2.693,p = 0.063,n2p = 0.130), was observed for
ITLweek. No significant between-weeks difference was obs@difor G1 group (alp >
0.05). In G2 group, a significant increase was olesefor ITLyeek-4, ITLweek-7 and
ITLweek.s as compared to ITheek-1, ITLweek-2 and ITLweek-3 (all p < 0.05) (Figure 2).
No significant between-group difference was notedamy ITLyeex (all p > 0.05)
(Figure 2).A significant between groups difference was notachsthat G2 produced

superior ITlrotaL compared to G1 (25.4%;= 0.003;d = 1.57) (Figure 3).

*** Figure 3 about here ***

Copyright © National Strength and Conditioning Association



392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

DISCUSSION
This is the first study to assess the chronic effetttraining muscle groups 1 day per
week vs. 2 days per week on neuromuscular perfaemaand morphological
adaptations in trained men. The main finding o§ thiudy was that training a muscle
group only once a week is as efficient as trairtwige a week to promote an increase in
maximal strength, lower-body muscular endurance randcle size. Alternatively, the
increase in upper-body muscular endurance seerbg toore pronounced when this
region of the body is stimulated twice a week.

Specifically, G1 and G2 produced almost-an idehtiean in maximal strength.
On a percentage basis, the increase in gfRbh (7.5% vs. 7.8%, respectively) and
1RMsquat (13.5 vs. 13.9, respectively) was very similar. Téfeect sizes were also
almost identical, being small for 1Rdv\cy (0.57 for both groups) and moderate for
1RMsquat(1.00 vs. 0.91, respectively). When comparing tHeskngs to other studies
that investigated the effects of different RT freqoies on the maximal strength gains
in trained subjects, Schoenfeld et al. (36) and &&ter et al. (24) assessed 1 versus 3
weekly sessions per muscle group and both RT frexjes provided a significant
increase in maximal strength, with no significantfedlence between conditions.
However, McLester et al. (24) reported that therggth gain in the lower frequency
condition were less than 2/3 of the higher freqyetmndition after 12 weeks of RT.
Schoenfeld et al. (36) observed superior percergages for a higher frequency versus
a lower frequency condition on 1RM testing for Wenpress (10.6% vs 6.8%,
respectively) and back squat (11.3% vs 10.6%, csedy) exercises after 8 weeks of
RT. Additionally, Hunter (16) reported a significadifference between groups such

that 4 sessions-\Wper muscle group produced a superior improvememRiM testing
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for bench pressompared to 3 sessions-wkVioreover, a meta-analysis by Rhea et al.
(30) found that trained individuals maximize theesgth gain through twice weekly RT
sessions per muscle group in comparison to wonkingcle groups only once per week.

The results observed in the present study run apnto those mentioned above,
possibly due to the greater RT volume applied ithbexperimental groups. Sixteen
weekly sets were performed per muscle group. Tleiskly RT volume represents 13, 7
and 7 more sets per muscle group than the weeklydRime used by McLester et al.
(24), Hunter (16) and Schoenfeld et al. (36), respely, and 8 more sets than the
weekly RT volume found by Rhea et al. (30) as bapgmal to maximize strength
development. The present study used high RT voluduesto evidence of a dose-
response relationship between RT volume and mubgertrophy, with greater
volumes (10 or more weekly sets per muscle groeg)lting in additional improvement
in muscle mass (35), and also because this RT whvas typically associated with
bodybuilding-style training (13). Thus, accordirgthe current findings, it seems that
weekly RT volume is more important than RT frequefar promoting strength gain in
trained men. In other words, when weekly RT voluemployed is high enough, it
seems there is a diminished neural advantage dfiger training frequency observed
in other studies.

Conversely, the current findings indicate that R&qgtiency influences the
magnitude of muscular endurance enhancement. Adthooo significant difference
between groups was observed for measures of uppet- lower-body muscular
endurance, only the G2 intervention resulted irgaiicant increase in 60%1RMnch.
Additionally, on a percentage basis, an advantaagesgen for G2 compared to G1 with
respect to the increase in 60%1RMcy (14.3% vs. 8.4%, respectively) and

60%1RMsquat (18.8% vs. 13.1%, respectively). The effect sifms60%1RMsencH
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favored G2 compared to G1 (1.36 [large] vs. 0.5hdly, respectively), suggesting a
meaningful difference in results. The effects sioes50%1RMsquar Were very similar
between groups (1.10 [moderate] vs. 1.14 [moderatsgpectively), indicating that
meaningful advantages of the higher frequency ¢mmlappear to be specific to upper
body muscular endurance.

The present study expands on previous findings byiging direct evidence of
a greater site-specific increase in muscular emsherawith a higher weekly RT
frequency in trained men. This can be explainedhieygreater TLL developed by G2
compared to G1, which implies that distributing #ieekly RT volume in 2 sessions per
muscle group results in a higher external weeklyL Ther muscle group. The
mechanistic underpinnings for this finding are mt¢ar. It can be speculated that
performing high volumes in a given session as \Wascase in G1 may ultimately lead
to greater fatigue over time and thus diminishihg tcapacity to increase TLL.
Alternatively, it is possible that spreading oue thLL over more frequent sessions
enhances buffering capacity to a greater extent pgeaforming a higher per-session
volume less frequently, thereby increasing fatipggstance. Further research is needed
to determine causal effects of this phenomenon.

Regarding the measurement of MT, the improvemenipper-body MT was
very similar between G1 and G2 groups. On a peagenbasis, the increase in MT
(5.5% vs. 5.7%, respectively) and MK6.1 vs. 5.7, respectively) was nearly identical.
The effect sizes were also very comparable for@d0.57 for both groups) and MF
(1.00 vs. 0.91, respectively). The present findirage in opposition to those of
Schoenfeld et al. (39), who observed a signifigagtieater increase in elbow flexors
MT for a higher frequency (3 sessionsykversus a lower frequency protocol (1

session-wR). Moreover, although triceps brachii MT was noatistically different
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between groups as in the present study, the efieetreported by Schoenfeld et al. (36)
for a higher frequency protocol was 96% greaten that of a lower frequency protocol
(0.90 vs 0.46, respectively). Nevertheless, thectf$ize for difference between G1 and
G2 for MTyg (d = 0.14) in the current study was very similar te #ffect size difference
between a higher and a lower frequency protoabks .19) reported in a recent meta-
analysis conducted to evaluate de effects of Rfugacy on the measurement of
muscle hypertrophy (34). Contrarily, the betweeougr difference in Mg wasd =
0.03 with a greater increase for G1 in comparisoG2.

A modest advantage was seen for G2 compared tonGil percentage basis in
respect to the increase in MJ (10.9% vs. 9.2%, respectively). For MT the
percentage of increase was very similar (9.6% 469respectively). The effect sizes
for MTaq favored G2 compared to G1 (1.36 [large] vs. 1i@0derate], respectively),
suggesting a meaningful difference in results. H®iects sizes for MJy. were
comparable between groups (1.00 [moderate] vs. (QrBdderate], respectively).
Schoenfeld et al. (36) also reported a greateceffize for quadriceps thickness on a
higher frequency protocol compared to a lower fegmpy protocol (0.70 vs. 0.18,
respectively). The between-groups difference inyM{d = 0.15) was similar to the
effect size reported by meta-analysis about RT ukegy (34). Conversely, the
between-groups difference in MJ (d = 0.58) was greater than preconized by meta-
analysis (34). Considering the greater percentdgacoease and the effect sizes for
some of the measured outcomes (60%%RM4 and MTag), it can be speculated that
trained individuals may benefit from including pelsoof training muscle groups at least
2 day-week when the goal is to maximize musculdueance and muscle hypertrophy.

The G2 group produced 54590 kgfore ATLL, and 1693 a.u. more IT&raL

than the G1 group, equating to a 16.3% greaternaglaied external training load with
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a large associated effect sizk=1.24) and 25.4% greater accumulated ITL withrgda
associated effect sizel = 1.57). While ITL is indicative of the intensityf @ffort
(10,37), it is reasonable to speculate that thesBfieme that generated greatest TLL
also induced a higher ITL value. Indeed, there isigmificant positive relationship
between TLL and sRPE (10,23).

Thus, the present study expands on previous findmgsproviding direct
evidence of the greater TLL increase with a higheekly RT frequency (2 vs 1 weekly
session per muscle group) in trained men. Thim®rtant, as the increment in muscle
strength and mass is strongly dependent on TLLTf IR fact, a clear dose-response
relationship has been reported between TLL and botlscle strength (20) and
hypertrophy (21,35). Moreover, a higher load indueegreater mechanical tension,
which is purported to be a primary driving forcetlwirespect to hypertrophy
development (33). Therefore, it is plausible to dtpesize that this greater TLL
achieved through high frequency protocol if exeduier a longer time frame (more
than 8 weeks) may possibly culminate in a signifigagreater increase in strength and
hypertrophy compared to a single sessiofi:vger muscle group. This hypothesis
requires further investigation.

Although this study suggests that G2 protocol malgaece certain muscular
adaptations in trained individuals, the results i necessarily imply that a G1
protocol is without merit, as working a muscle wahgreater training volume in the
same session helps to increase intramuscular mietae@ss (12), which in turn may
enhance the hypertrophic response to the exeraseé (83). Indeed, no significant
between group difference was observed for any pyin@tcomes. Additionally,

qualitative assessment revealed that standardiféetetices between groups were
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classified as “unclear” and “most likely trivialF{gure 1), and the majority of outcome
measures showed minimal effect size differences.

The present study had several limitations that muest considered when
attempting to draw evidence-based inferences.,Rinst study period lasted only 8
weeks. Although this duration was sufficient to iaelke a significant increase in
muscular strength and hypertrophy (assessed byiMbdth groups, it is conceivable
that results between groups would have diverged avenger time frame. Second, the
novelty factor of changing programs may have undaofipenced results. In the pre-
intervention interview, 17 of the 20 subjects répdrtraining lower-body muscles once
a week on a regular basis. Additionally, all sutgeceported training upper-body
muscles with 10 weekly sets or less on a regulaisbalthough the topic has not been
well studied, there is evidence indicating that culsr adaptations are enhanced when
program variables are altered outside of tradiliommaims (19). It also is possible that
periodizing training frequencies might provide aam& to maintain novelty of the
stimulus and thus promote a continued gain oveee.tiihis hypothesis demands
additional investigation. Third, the small sampleesaffected statistical power. As is the
case in the majority of longitudinal RT studies,hgh degree of inter-individual
variability was noted among subjects, which limitheé ability to detect a significant
difference in several outcome measures. Despigelithitation, analysis of effect sizes
provides a good basis for drawing inferential casmns from the results. Finally, the
findings of the present study are specific to yowsistance-trained men, and therefore
cannot necessarily be generalized to other popuatincluding adolescents, women,
and the elderly. It is possible that the higher®lumes may not be as well tolerated in

these individuals and perhaps could hasten thet afisavertraining when combined
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with a high intensity of effort. Future researchregjuired to determine the frequency-

related responses to RT across different populgation

PRACTICAL APPLICATIONS

This study shows that training muscle groups omoktevice per week are both
viable strategies to increase muscle strength, randa, and hypertrophy. The greater
effect size favoring G2 for some outcome measuvggests a potential benefit to a
twice-weekly training schedule. It is possible thhése benefits may be related to
distributing the same weekly RT volume over a greaiumber of training sessions,
which in turn may attenuate accumulated intra-sessnuscle fatigue. Given that
training the same muscle group on different dayth@ight to be less energetically
taxing compared to condensing the weekly volume isingle session, dividing the
muscle group RT volume in 2 sessions*wkovides a practical means to perform a
higher TLL per muscle group while maintaining irggp of effort and providing
adequate recovery between sessions. Alternativglymay be more economical for
those with limited time for RT, as It requires orflytraining days per week versus 4
weekly sessions for G2 while producing a similampiovement in most outcome
measures.

Since muscular adaptations are strongly dependentLd, it is plausible that
optimal strength and hypertrophic benefits couldob&ined by periodizing training
loads with frequency over the course of a long-téraming cycle. Such a strategy
would maintain the novelty of the training stimulasd thus conceivably allow a
continuous improvement in neuromuscular performaarad muscle morphology. This

hypothesis warrants further investigation.
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685 FIGURES LEGENDS

686

687 Figure 1. Efficiency of the group that have trained one sesfier muscle group per
688 week (Giwk™) in comparison with the group that have trained $&ssions per muscle
689 group per week (G2k™) to improve maximum strength in bench press (:Rih)
690 and parallel back squat (1RMuaT) exercises; muscular endurance in bench press
691 (60%1RMsencH) and parallel back squat (60%1RB84a7) exercises; muscle thickness
692 of the triceps brachii (M), elbow flexors (MEg), vastus lateralis (M) and
693 anterior quadriceps (Mib) muscles; total load lifted (ATLL) and internaatning load
694 (ITLtoraL) (bars indicate uncertainty in the true mean ckangith 90% confidence
695 intervals). Trivial areas were the smallest worthhlevbhange (SWC) (see methods).
696

697 Figure 2. Mean and standard deviation values for (A) weegtgltload lifted; and (B)
698 weekly internal training load for G1 and G2. # Sigant difference between groups in
699 the corresponding week € 0.05). * Significantly greater than week 1 of tlespective
700 group p < 0.05). ** Significantly greater than week 2 ofetlhespective groupp(<
701 0.05). *** Significantly greater than week 3 of thespective groump(< 0.05).

702

703 Figure 3. Mean and standard deviation values for (A) totaldldifted (sun of the 8
704 weeks); and (B) internal training load (sun of tBeweeks) for G1 and G2. *
705 Significantly greater than Gp  0.05).

706
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TABLES

Table 1.Baseline descriptive data of G1 and G2 (mean + SD)

. Total RT RT
Age Height .
Groups years)  (m) Body Mass Experience Frequency
y (Kg) (years) (sessions-wk)
G1(n=10) 28.6+£5.6 1.76+0.04 80.7+5.8 5.2+1.6 4.3+0.7
G2 (n=10) 25.5+5.1 1.80+0.10 75.2+6.8 4.9+2.1 4.7+0.7

G1 = one session-\vidper muscle groups2 = two sessions-vkper muscle
group;m = meterskg = kilograms;RT = resistance trainingsessions- wk
= sessions per week.
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Table 2. Training protocols for G1 and G2.

Monday Tuesday

Wednesday Thursday Friday

AI’OUt
Bench press 8x8-12RM

Dumbbell flat fly 8x8-12RM
G1 XXXX

(n=10) Cable triceps 8x8-12RM
Parallel back squat 8x8-12RM
Leg extension 8x8-12RM
Arout BI’OUt
Bench press 4x8-12RM Lat pulldown 4x8-12RM
Dumbbell flat fly 4x8-12RM  Straight-arm pulldown 4x8-12RM
G2 Cable triceps 4x8-12RM Biceps curl 4x8-12RM
(n=10)

Parallel back squat 4x8-12RN
Leg extension 4x8-12RM

Seated leg curl 8x8-12RM

Brout

Lat pulldown 8x8-12RM
Straight-arm pulldown 8x8-

XXXX 12RM XXXX
Biceps curl 8x8-12RM

Seated leg curl 16x8-12RM

Arout Brout
Bench press 4x8-12RM Lat pulldown 4x8-12RM
Dumbbell flat fly 4x8-12RM  Straight-arm pulldown 4x8-12RM
Cable triceps 4x8-12RM Biceps curl 4x8-12RM
Parallel back squat 4x8-12RN Seated leg curl 8x8-12RM
Leg extension 4x8-12RM

XXXX

G1 = one session-Wkper muscle group32 = two sessions-wkper muscle groupA .. = split routine A:Byou = split routine B;RM =

repetition maximum.
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Table 3. Estimated dietary nutrient intake for G1 and G2gm£SD).

. Gl G2
Variables (n=10) Week 1 Week 8 (n=10) Week 1 Week 8
Total (Kcal) 2592.8 + 223.8 2535.2 + 256.4 24235+ 128 2414.0 + 137.1
Protein
g/kg* 2.1+0.2 2.0+0.2 2.1+0.4 21+0.3
% 26.0+1.3 25.6+1.9 25.5+2.9 263425
Carbohydrate
g/kg* 3.7+0.6 3.7+0.6 3.6+0.6 37+0.7
% 46.2 +3.1 47.7+2.38 44.5 ¥3.1 454 +2.8
Lipids
g/kg* 1.1+0.2 1.0+0.2 1.1+0.1 1.0+0.1
% 27.8+2.4 26.7+3.0 30.0+25 28.3+2.2

G1 = one session-vikper muscle groupB2 = two sessions- wkper muscle grouptotal (Kcal) = total
kilocalories intake (3 recorded days’ averaggkg® = grams per kilogram of body mas¥% =

percentage of total energy intake.
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Table 4.Pre- vs. Post-intervention Muscle Strength and MuBadurance measures for G1 and G2 (mean £SD).

d (x90% CL) Qualitative Chances

. 0,
Variables Pre Post A% p classification Assessment (%)

(nfio) 1RMsencn (kg)  95.7+145 1035+12.9% 7.5 <o.0010'5;g|?'25) Possibly  68/32/0
1RMsquar (kg) ~ 1285+18.6 148.6+21.7¢ 135 <o.0011'r?8 d§2i24) Very Likely ~ 97/3/0

60%I1RMsenc (fep)  14.2+2.7 15523 8.4  0.060 0'5;%?'53) Possibly  51/48/0
60%IRMsouar (fep)  15.3+2.4  17.6+19* 131 _ 0006 70 d(;gif) Likely  95/5/0

(nffo) IRMsencn (kg)  92.6+143  1004+133* 7.8 <o.0010'5;T(§|?'25) Possibly  68/32/0
IRMsuar (kg) 1211172 1406%254* 139  <0.000:> d(;gfem) Very Likely ~ 95/5/0
60%1RMsench (fep) 13.2+19 | “154+1.3* 143  0.003 1'3?61%2'69) Very Likely  98/2/0
60%IRMquar (fep)  151+28  186%33* 188  <0.001 d(;gigz) Very Likely ~ 99/1/0

G1 = one session-vikper muscle groups2 = two sessions-vkper muscle groupt RMgench = one maximal repetition test in
bench press exerciseRMsouar = one maximal repetition test in parallel backeatgexercisef0%1RMgencH = 60% of 1RM
test in bench press exerci$®%1RMsquar = 60% of 1RM test in parallel back squat exerdiges kilograms;rep = repetitions
d = Effect SizeCL = Confidence LimitsChances= rate of having better/similar/poorer chancesgfBicantly greater than the
corresponding pre-intervention valye< 0.05).
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Table 5.Pre- vs. Post-intervention Muscle Morphology measdor G1 and G2 (mean +SD).

Variables

Pre

Post

A%

d (+90% CL)

Qualitative Chances

classification Assessment (%)
(nfio) MTg (mm) 431+46  456+45* 55 <o.0010'53%?'23) Possibly  59/41/0
MTer (mm) 462+65  492+61* 6.1 <o.0010'4;1$§|?'21) Possibly  40/60/0
MTy. (mm) 461+48 50845 92  <0.0011 90 04 o likely  97/3/0
moder ate
. 1.02 (0.45) .
MT aq (mm) 413+39  455+44 92 <0.0010% L4 very Likely  97/3/0
(nffo) MTg (mm) 415+49  440+48* 57 <o.0010'53g|?'23) Possibly  59/41/0
MTer (mm) 477+78  506+75* 57 <o.0010'3zg|?'17) Possibly  12/88/0
MTy. (mm) 463+55  512+49% 96 <0.001094E042) o ikely  96/4/0
moderate
MT aq (mm) 392+35  440%37  10.9 <o.0011'3f5a%2'60) Most Likely ~ 100/0/0

G1 = one session-\kper muscle groupG2 = two sessions-vkper muscle groupMT s = muscle thickness of the triceps

brachii muscleMT gr = muscle thickness of the elbow flexors musdés$;,, = muscle thickness of the vastus lateralis muscle;

MT ao = muscle thickness of the anterior quadriceps tausem = millimeters;d = Effect Size;CL = Confidence Limits;
Chances= rate of having better/similar/poorer chancesgnicantly greater than the corresponding preinéntion valueg <

0.05).
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G1 G2
1RMBENCH Wi Most Likely Trivial
1RMsquATH ' Most Likely Trivial
60%1RMBENCH i - Unclear
60%1RMsquaT- : . Unclear
MTred -—i—-—- Very dakeN Ttivial
MTEF H:-| Meost Likely Trivial
MTvL+ E . Unclear
MTaa+ i - Unclear
ATLLH i —— Veery Likely
ITLTOTALS : —e— Very Likely
R :

Standardized differences (ES)

Figure 1. Efficiency of the group that have trained one session per muscle group per week
(G1-wk™) in comparison with the group that have trained two sessions per muscle group
per week (G2-wk) to improve maximum strength in bench press (1IRMgencn) and parallel
back squat (1RMsquaT) exercises, muscular endurance in bench press (60%1RMgencH) and
parallel back sguat (60%1RMsquat) exercises, muscle thickness of the triceps brachii
(MT+g), elbow flexors (MTgg), vastus laterais (MTy.) and anterior quadriceps (MTag)
muscles; total load lifted (ATLL) and internal training load (ITLtoraL) (bars indicate
uncertainty in the true mean changes with 90% confidence intervals). Trivial areas were the
smallest worthwhile change (SWC) (see methods).
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Figure 2. Mean and standard deviation values for (A) weekly total load lifted;
and (B) weekly internal training load for G1 and G2. # Significant difference
between groups in the corresponding week (p < 0.05). * Significantly greater
than week 1 of the respective group (p < 0.05). ** Significantly greater than
week 2 of the respective group (p < 0.05). *** Significantly greater than week
3 of the respective group (p < 0.05).
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Figure 3. Mean and standard deviation values for (A) total
load lifted (sun of the 8 weeks); and (B) internal training load
(sun of the 8 weeks) for G1 and G2. * Significantly greater
than G1 (p < 0.05).
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