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ABSTRACT

Introduction: The benefits of strength training (ST) include not only strength improvement but also
favorable body composition changes, which has led to a considerable increase in the indication of this trai-
ning method in overweight and obese individuals, and has made the investigation of outcomes attributed
to different manipulations of ST variables an important task. However, acute metabolic responses related to
energy expenditure (EE) associated with the manipulation of exercises which, in turn, are associated with
the number of joints involved in movement, are still inconclusive. Objective: To verify the influence of the
number of joints involved in movement on EE with equalized volume in ST at different intensities. Methods:
This training program was held on alternate days, with a 48-hour interval between each session, and with
two randomized protocols, as follows: multi joint protocol with four common exercises for ST participants
compared to the single joint protocol with four exercises. Each protocol was evaluated at three training
intensities (90%, 75% and 60% of 1-RM) according to the one-repetition maximum test. Results: Significant
increases in EE were observed in the multi joint session as compared to the single joint session: 90% 1-RM
multi joint 246.80 + 26.17 kcal vs single joint 227.40 + 24.54 kcal (A -7.86,95% Cl 7.33; 31.46; 1 3.44; p <0.05);
75% 1-RM multijoint 124.13 + 25.40 kcal vs single joint 111.80 + 22.78 kcal (A-9.93,95% Cl 3.25;21.41;t2.91;
p <0.05); 60% 1-RM multi joint 70.80 + 6.28 kcal vs single joint 64.40 + 6.72 kcal (A-9.04, 95% Cl 3.95; 8.84;
1 5.60; p <0.05). Conclusion: Multi joint exercises may be a variable to consider when EE balance is the main
target of the ST program. However, further studies are needed to supplement our findings. Level of evidence Il;
Diagnostic studies-Investigating a diagnostic test.

Keywords: Exercise; Energy expenditure; Muscle strength; Joints.

RESUMO

Introducdo: Os beneficios do treinamento de for¢a (TF) incluem néo apenas aumento da forca, mas também
modificacdes favordveis na composicdo corporal, o que levou ao aumento considerdvel da indicacdo dessa moda-
lidade de treinamento em individuos com sobrepeso e obesidade e tornou importante a investigagdo dos desfechos
atribuidos a diferentes manipulagdes das varidveis do TF. No entanto, as respostas metabdlicas agudas relacionadas
com o gasto caldrico (GC) associado a manipulac¢do dos exercicios que, por sua vez, sGo associados a quantidade
de articulagées envolvidas no movimento permanecem inconclusivas. Objetivo: Verificar a influéncia do nimero de
articulagées envolvidas no movimento sobre o GC com volume equalizado no TF em diferentes intensidades. Métodos:
Esse treinamento foi realizado em dias alternados, com intervalo de 48 horas entre cada sessdo com dois protocolos
randomizados, a saber, protocolo multiarticular com quatro exercicios comuns para praticantes de TF em compara-
¢do com o protocolo monoarticular com quatro exercicios. Cada protocolo foi avaliado em trés intensidades (90%,
75% e 60% de 1-RM) do treinamento de acordo com o teste de uma repeticdo madxima (1-RM). Resultados: Foram
observados incrementos significantes no GC na sesséo multiarticular em comparacdo com a sesséo monoarticular:
90% 1-RM multiarticular 246,80 + 26,17 kcal vs. monoarticular 227,40 + 24,54 kcal (A-7,86, IC de 95% 7,33; 31,46; t 3,44;
p < 0,05); 75% 1-RM multiarticular 124,13 + 25,40 kcal vs. monoarticular 111,80 + 22,78 kcal (A-9,93, IC de 95% 3,25,
21,41;t2,91;p <0,05);60% 1-RM multiarticular 70,80 + 6,28 kcal vs. monoarticular 64,40 + 6,72 kcal (A-9,04, IC de 95%
3,958,841 5,60; p < 0,05). Conclusdo: Os exercicios multiarticulares podem ser uma varidvel a considerar quando o
equilibrio do GC é o alvo principal do programa de TF. No entanto, mais estudos sdo necessdrios para complementar
nossos achados. Nivel de evidéncia ll; Estudos diagnésticos — Investigacdo de um exame para diagnéstico.

Descritores: Exercicio; Gasto energético; Forca muscular; Articulagoes.

RESUMEN

Introduccion: Los beneficios del entrenamiento de fuerza (EF) incluyen no sélo aumento de la fuerza, sino también
modificaciones favorables en la composicién corporal, lo que llevé al aumento considerable de la indicacion de esa
modalidad de entrenamiento en individuos con sobrepeso y obesidad y se ha vuelto importante la investigacion de las
conclusiones atribuidas a diferentes manipulaciones de las variables del EF. Sin embargo, las respuestas metabdlicas
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agudas relacionadas con el gasto caldrico (GC) asociado a la manipulacion de los gjercicios que, a su vez, son asociados
a la cantidad de articulaciones involucradas en el movimiento permanecen no concluyentes. Objetivo: Verificar la
influencia del nimero de articulaciones involucradas en el movimiento sobre el GC con volumen ecualizado en el EF
en diferentes intensidades. Métodos: Este entrenamiento fue realizado en dias alternados, con intervalo de 48 horas
entre cada sesion con dos protocolos aleatorizados, a saber: protocolo multiarticular con cuatro ejercicios comunes
para practicantes de EF en comparacién con el protocolo monoarticular con cuatro ejercicios. Cada protocolo fue
evaluado en tres intensidades (90%, 75% y 60% de 1-RM) del entrenamiento de acuerdo con el test de una repeticion
mdxima (1-RM). Resultados: Se observd un incremento significativo en el GC en la sesién multiarticular en comparacion
con la sesién monoarticular: 90% 1-RM multiarticular 246,80 + 26,17 kcal vs. monoarticular 227,40 + 24,54 kcal (A
-7,86,1C de 95% 7,33; 31,46, t 3,44; p < 0,05); 75% 1-RM multiarticular 124,13 + 25,40 kcal vs. monoarticular 111,80 +
22,78 keal (A -9,93,IC de 95% 3,25, 21,41, 2,91, p < 0,05), 60% 1-RM muiltiarticular 70,80 + 6,28 kcal vs. monoarticular
64,40 + 6,72 kcal (A -9,04, IC de 95% 3,95; 8,84; t 5,60; p < 0,05). Conclusion: Los ejercicios multiarticulares pueden
ser una variable a considerar cuando el equilibrio del GC es el objetivo principal del programa de EF. Sin embargo,
mds estudios son necesarios para complementar nuestros hallazgos. Nivel de evidencia ll; Estudios diagnésticos -

Investigacion de un examen para diagnoéstico.

Descriptores: Ejercicio; Gasto de energia, Fuerza muscular, Articulaciones.
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INTRODUCTION

The indication of strength training (ST) as a non-pharmacological
strategy in the prevention and treatment of obesity is currently conside-
red effective and efficient.! Significantincreases in oxygen consumption
and consequently in energy expenditure (EE), depending on variables
such as muscle mass,? lifting tempo,® number of sets,* number of repe-
titions,>® training load,” training volume,® or recovery intervals,'? have
been widely investigated and used on the basis of exercise prescription.

However, acute metabolic responses related to EE and the mani-
pulation of exercises associated with the number of joints involved
in movement have not been properly investigated. According to the
American College of Sports Medicine,' exercises for large muscle and/or
multi joint volumes should be performed primarily in a training session,
yet few studies*®13'* have investigated these effects on EE.

Therefore, the literature is still lacking in studies investigating the
relationship between EE in ST and the acute metabolic effects associated
with the number of joints involved in exercises. Robergs et al.™® assessed
EE during the execution of two multi joint exercises (bench press and
squat) performed continuously over five minutes. The literature is still
inconclusive about the influence of single joint and multi joint exercises
on EE in ST sessions at different intensities. Thus, the objective of this
study was to verify the influence of the number of joints involved on EE
with equalized volume in ST at different intensities.

MATERIALS AND METHODS
Experimental procedure

Toinvestigate EE in ST associated with the number of joints involved in
the exercises, all the participants of this study performed two ST protocols
on alternate days. The protocols had different intensities randomized by
drawing lots, as follows: multi joint protocol (bench press, squat, front
pulley and abdominal machine) and single joint protocol (pec deck,
barbell curl, triceps pulley and only leg curl). Intensities corresponding
to 90%, 75% and 60% of one repetition maximum (1-RM) were used.

For the prescribed intensity of 60% of 1-RM, the participants per-
formed two sets (approximately 15 repetitions); at the intensity of 75%
of 1-RM they performed three sets (approximately 10 repetitions), and
at the intensity of 90% of 1-RM the participants performed six sets
(approximately 5 repetitions). All sets were performed to the point of
momentary concentric muscle failure, operationally defined as the ina-
bility to perform another concentric repetition, while maintaining the
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proper form. All protocols had a 120-second recovery interval between
sets and between exercises. The cadence of repetitions was maintained
in a controlled manner (using a metronome), with concentric and ec-
centric actions lasting approximately 1.5 seconds, for a total repetition
duration of approximately 3 seconds. The external load was adjusted for
each exercise, as necessary, in successive sets to ensure that the subjects
reached the point of failure in the target repetition interval.

Following approval by the institutional review board of Universidade
S&o Judas Tadeu (No. 2.022.898/2016), 15 men with an average age of
2294261 years, at least 12 months of experience in ST (weight training)
and familiar with the proposed exercises participated voluntarily in the
study. The following parameters were established as inclusion criteria:
minimum experience of 24 months in weight training; minimum training
frequencies of three times a week; submission of a medical certificate
attesting to healthy clinical condition for participation. Subjects who
met the following criteria were excluded from the study: smokers; those
on diets both to reduce body mass and/or increase muscle mass; those
with any metabolic disorders or taking drug products that affect energy
expenditure (sympathomimetics, bronchodilators, antidepressants,
amphetamines, illicit drugs); those who had sustained any muscle or
tendon injury within the previous three months; those receiving treat-
ment for an infectious or contagious disease; those taking (or those who
had taken within the last six months) any type of ergogenic agent of
hormonal origin for the purpose of increasing strength or hypertrophy;
those who were absent at any stage of the assessments. All volunteers
read and signed the Informed Consent Form.

Preliminary assessments

Body composition. Body mass (BM) was measured using a G-Tech®
scale (Accumed Prod Med Hosp Ltda), with 0.100g precision, with the
subjects positioned on the Frankfurt plane, barefoot and wearing as
little clothing as possible. Height (H) was measured using a stadiometer
(Sanny® with 0.1 cm precision). Body mass index (BMI) was obtained
using the equation: BM/(H?). Circumference was measured using stan-
dard protocol according to previous publications.'®!” Fat percentage
was measured by ultrasound (BodyMetrix® PRO System, Intelametrix,
Livemore, California, USA — BodyViewTM software) with 2.5 MHz wave
frequency.'®'” The ultrasound probe was applied perpendicular to the
skin for measurement. A water-soluble gel was used on the transducer
toaid in acoustic coupling and to avoid excessive skin pressure. Subjects
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were instructed to fast for 3 hours before the assessments. The image was
taken on the right side of the subjects'bodies and to further guarantee
the accuracy of the assessments, at least three images were taken. The
mean of the three assessments was used for statistical analysis (Table 1).
Estimated food intake. To avoid possible dietary confusion in the results,
subjects were advised to maintain their usual nutritional regimen and
to avoid taking supplements during the study period. Dietary nutrient
intake was assessed by 24-hour dietary recall on two non-consecutive
business days and one weekend day. Subjects were instructed to record
the following in detail: consumption time, types and quantity of meals
and snacks consumed over 24 hours. The amount of food was recorded
in culinary measures (spoons, cups and glasses) and transformed into
grams. The energy intake estimate (macronutrients) was analyzed using
NutWin software (USJT, Sao Paulo, Brazil), while estimated food intake
was assessed during weeks of the intervention period.

Assessment of maximal muscle strength. Maximal dynamic strength
was assessed through the 1-repetition maximum (1-RM) test, used in
the multi joint (bench press, squat, front pulley and abdominal machine)
and single joint (pec deck, barbell curl, triceps pulley and seated leg curl)
exercises (Fitnessline equipment, GervaSport®, Spain). The test protocol
followed the recommendations prior to the previous publications.'
Subjects reported to the laboratory that they had abstained from any
exercise other than activities of daily living for at least 72 hours before
the test. In summary, participants warmed up for 5 minutes on a tread-
mill (Movement Technology, Sao Paulo, Brazil) at 60% of the maximum
heart rate. During the first set, participants performed five repetitions

Table 1. Sample characterization.

Parameters

Age (years) 2290 + 261 (0.11)
Body mass (kg) 83.60 £ 9.76 (0.11)

Height (cm) 183.07 + 5.60 (0.03)

7297 + 747 (0.10)
24.89 + 2.15 (0.08)
431.39 + 21.87 (0.05)
37.75+ 11.27 (0.29)
996 +3.31(0.33)
833+ 290 (0.34)

Muscle mass/Body mass (%) 0.87 +0.02 (0.02)
Resting metabolic rate 239547 +415.80 (0.17)

Values expressed in mean =+ standard deviation (coefficient of variation).

Muscle mass (kg)
BMI (kg/cm?)
> Circumferences (cm)
> Skin folds (mm)
Fat %
Fat mass (kg)

Table 2. 1-RM test and the % of load used in each exercise.

at an estimated 50% 1-RM, followed by a set of three repetitions with a
load corresponding to an estimated 60-80% 1-RM, with a 180-second
recovery interval between sets. After the warm-up sets, participants had
five attempts to find their 1-RM load with 180-second intervals between
each attempt. 1-RM was considered the maximum weight that could
not be lifted more than once with the proper technique. It took no more
than five attempts to achieve 1-RM with any subject. Verbal incentive
was given throughout the tests. All test sessions were supervised by the
research team to be considered valid (Table 2).
Assessment of energy expenditure. Before the data collection procedu-
res, all participants underwent a two-week familiarization period during
each exercise with the equipment (mask) for blood gas analysis (Fitmate®
Cosmed) using sufficient load to perform a set of 20 repetitions. EE during
the ST sessions was measured using a blood gas analyzer (COSMED®,
Fitmate, Rome, Italy) with flexible gas mask, according to previous pu-
blications.’®?" All participants were instructed not to drink coffee for 12
hours before the assessments, and not to exercise for 24 hours before
the assessment. The blood gas analyzer was calibrated according to the
manufacturer’s specifications before each test. Following the calibration
of the portable Fitmate unit, participants were equipped with a face mask
held in place by a helmet. While the participants exhaled, an oxygen
flowmeter and sampling line, coupled to the mask, collected data that
included respiratory rate, air volume, and fractional oxygen concentra-
tion. The Fitmate metabolic unit calculated oxygen consumption (VO,)
internally, with each breath taken by the participants. Accordingly, VO,
was measured continuously (adding effort and recovery). For the final
data presentation, the measured O? was converted into units of energy
(calories) using a conversion factor of 1 liter of O, = 5.05 calories (kcal)."
For the EE analysis considering the anaerobic energy system, we used
the model suggested by SCOTT et al.?? In short, lactate concentration
was determined using a lactimeter model (Accusport Plus - Roche®),
following the recommendation of previous studies.?®?° Finger capillary
blood samples were collected before the protocol (i.e, at rest), and
immediately after the ST session. For anaerobic metabolic demand,
it was measured by the difference between peak and baseline values
[LaA], using the equivalent to 3 mlkg™ of oxygen to each unit of accu-
mulated lactate.”!

External measures of strength training volume and load

Control of external training load. The most basic method for quantifying
strength training is the repetition method for determining training

_ | 1-RM 90% 75% 60%
Exercises
test (kg) 1-RM (kg) 1-RM (kg) 1-RM (kg)
Bp 93.00+22.88 84.00£21.00 70.00£17.00 56.00£14.00
(0.24) (0.25) (0.24) (0.25)
50 103.33£26.97 93.00£24.00 78.00£20.00 62.00£16.00
. (0.26) (0.25) (0.25) (0.25)
Multi joint
P 104.79£19.12 94.00£17.00 79.00£14.00 63.00£11.00
0.18) (0.18) 0.17) 0.17)
AB 107.76+14.46 97.00+13.00 81.00+11.00 65.00+9.00
0.13) (0.13) (0.13) 0.14)
PD 79.87+18.64 72.00+17.00 60.00+14.00 4800£11.00
(0.23) (0.23) (0.23) 0.22)
BC 46.80+£9.47 42.00+9.00 35.00+7.00 28.00+6.00
o (0.20) 021) (0.20) 021)
Single joint
TR 9291+£13.54 84.00£12.00 70£10 56.00£8.00
0.14) (0.15) (0.14) 0.14)
e 110.81£18.48 100.00£17.00 83+14.00 66.00£11.00
(0.16) 0.17) (0.18) (0.24)

Values expressed in mean + standard deviation (coefficient of variation) of the bench press (BP); squat (SQ); front pulley (FP); Abdominal machine B (AB); pec deck (PD); barbell curl (BC); triceps pulley (TR); and only leg curl (SLC) exercises.
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volume. The repetition method is simply the total number of repetitions
performed in a specific exercise: a training session (Eq. 1) (Table 3).

Repetition volume = no. of sets x no. of repetitions (Eq. 1)

The total weight lifted is an extension of the repetition method. It
involves multiplying the number of repetitions performed for a given
exercise by the absolute load lifted for those repetitions. In this manner,
the training load (Table 3) for each different exercise performed in a
training session can then be added up to calculate the total weight
lifted and the training duration (Eq. 2).

Training load (TL) = no. of sets x no. of repetitions x total weight
lifted/session time (AU) (Eq. 2)

Statistical analysis

The analysis of sample size was performed using GPower 3.1
software.>?* Thus, assuming an estimation error of a = 0.05, power
= 80%, with 3 measures (intensities) x eight exercises, an n of 15
was necessary to achieve the statistical power of 80.8%. Therefore,
15 subjects were designated to undergo ST at different intensities.
Repeated ANOVA measures were used to analyze energy expenditure
values (8 exercises x 3 intensities), with Bonferroni's post-hoc test also
employed when necessary. Assumptions of normality, homogeneity
and sphericity were confirmed by Shapiro-Wilk, Levene and Mauchly
tests, respectively. The paired Student’s t test was used to analyze
differences between the means of two sets of related scores, while
the Wilcoxon test was applied for variables that did not satisfy the
criteria for normality.?> Pearson’s linear correlations were used to
verify associations. The generalized eta squared (ng?) was used as
the effect size and interpreted according to Bakeman.” General data
for each exercise are presented as means, standard deviations and a
95% confidence interval. Significance was set at 5%. The data were
processed using R software in version 1.0.44 for Macintosh.

RESULTS

There was no significant difference in the duration (minutes) of the
multi joint vs. single joint sessions (90% 1-RM = 58.00 + 2.04 vs. 56.00
+2.34 min; 75% 1-RM = 30.70 + 1.63 vs. 2840 + 1.13 min; 60% 1-RM =

When comparing only the multi joint session, we observed sig-
nificant differences in the volume of repetitions (F, 4 = 2.85; p = 0.07;
ne’ = 0.09); total weight lifted (F(,.g = 553.67; p = 0.000; n¢? = 0.50);
and training load (F,.g = 89.03; p = 0.000; ns* = 0.54) between the
ST intensities. Conversely, when we observed the single joint session
alone, there was a significant difference only in the total weight lifted
(Foog = 721.30; p = 0.000; ng? = 0.57) and training load (F,.g = 76.44;
p = 0.000; n¢ = 0.59) between the different ST intensities.

There were no significant differences in the repetition volume when
we compared the total volume between multi joint vs. single joint
sessions. However, there were significant differences in the multi joint
session when compared with the single joint session in the variables
total weight lifted and training load (Table 3).

Significant differences in EE were observed between the different
intensities in the multi joint (F,,g = 321.59; p = 0.000; ng? = 0.92); and
single joint (F, . = 445.39; p = 0.000; ng* = 0.92) sessions. We also obser-
ved a significantincrease in EE in the multi joint session when compared
with the single joint session at all intensities (Table 4).

DISCUSSION

The objective of this study was to compare EE of the ST session
associated with the number of joints involved in movement at different
intensities in the ST. Therefore, three different ST intensities were per-
formed (60, 75 and 90% 1-RM), in sessions involving multi- and single
joint exercises.

Our initial hypothesis of the study was confirmed; there was an in-
crease in EE at high intensity and in multi joint sessions. The multi joint
ST session showed an increase in EE when compared to the single joint
session at all ST intensities. Our findings demonstrated an increase in
EE between A= 7.8 and 9.9 in the multi joint session when compared
to the single joint session.

When studying ST, there are countless possibilities for combinations
between the variables of volume and intensity (number of sets, recovery

Table 4. Comparison of energy expenditure between the multi- and single joint
sessions at different intensities.

Multi joint Single joint A 95% ClI t P=
90% 1-RM | 246.80 + 26.17 | 22740 +24.54 | -7.86 | 7.33-31.46 | 3.44 | 0.003
75% 1-RM | 124.13 £ 2540% | 111.80 + 22.78% | -9.93 [ 3.25-2141 | 291 | 0011
60% 1-RM | 70.80 + 6.28% | 6440 +6.72*% | -9.04 | 3.95-8.84 | 560 | 0.000

2200+ 151 vs.18.99 £ 2.01 min; p >0.05).

- Values expressed by mean + standard deviation and (coefficient of variation). * p <0.05 vs. 90% 1-RM. # p <0.05
vs. 75% 1-RM.

Table 3. Comparison of strength training variables between intensities and between multi joint vs. single joint sessions.

Multi joint Single joint A 95% ClI t P=

0% 1A ] 1(3 112)1 4 ] % ]ié)] 8 633 5061773 119 | 0253

vgﬁ?ﬂigt@"p) 75;/:;5”‘ ] 1(%?1)2 ] ?gi )] 2 360 0527.72 187 | 0082
60;”2;5“‘ 1 (%.ois?** 1 (101403)4 780 496-1063 1.90 0067

90;‘2;5”‘ ]036(5'?6)] or4 826?& 52)] 31 209434 1142.74-3045.94 472 | 0003

T‘ﬂtfi"eév(ek'gg‘t 75?5;5,% 8403(0ﬁ ;)337* 662‘;0%1 ;)025* 177940 1385.22-2173.58 968 0.001
o0 1A 5524(5 42544** 4334(5 426()” &4 118998 75838-1621.58 591 0001

%z)s;iM 72(%3;)50 55(%32])27 12342 -14623 -10062 41160 | 0001

Training load (UA) 75;AS;;§M ! 10(9032)39* 862(0%1 ;)55 4860 3657-6063 866 0.001
60;”2;5”‘ 13550333)1 o 101 foi] ;)92** 8200 62.50-10151 901 0.001

-Values expressed in mean + standard deviation and (coefficient of variation); total volume = no. of sets x no. of repetitions; total weight lifted = no. of sets x no. of repetitions x total weight lifted; and training load = no. of sets x no.
of repetitions x total weight lifted/session time (arbitrary unit [AU]). * p <0.05 vs. 90% 1-RM.  p <0.05 vs. 75% 1-RM.
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interval, number of repetitions, speed of execution, % of poundage
used in training and load, and training format) that can either increase
or decrease EE. In this context, the order of exercises,? the number of
joints involved in movement, and the size of the muscle group can sig-
nificantly increase EE.'* Previous studies'*?’ believe that some acute
training variables have a greater positive or negative influence on EE.

In this context, we chose to equalize the total number of repetitions
(volume) of the training program, and to investigate the effect of intensity
and the number of joints involved in movement (multi joint and single
joint). Thus, the limitation of the study was the impossibility of equalizing
the other variables. When ST is performed at high intensity (weight in
kg lifted), it precludes a high number of repetitions, thereby entailing
an increase in the number of sets and recovery intervals between sets.
At the same time, the increase in the training session duration will result
in a reduction of the training load.

Accordingly, in this particular study, when we observe ST variables
such as total weight lifted, session duration and training load, with the
exception of the training volume that was equalized at all intensities,
EE at the intensity of 90% of 1-RM was significantly greater. However,
there was an increase in the session duration and the total weight lifted.
On the other hand, the training load, which is the combination of ST
variables (volume and intensity), was significantly reduced.

Tothis end, Farinatti et al.'* investigated the order of strength exercises
in EE. Two protocols were performed: sequence A from multi joint to
single joint and sequence B from single joint to multi joint in the following
exercises: bench press (multi joint), shoulder development (multi joint),
and triceps extension (single joint). The main conclusions indicated that
the acute performance was significantly affected by the exercise order,
but, in general, EE was not affected by the exercise order. Subsequently,
Farinatti et al.> observed the influence of the muscle group size on EE.
The protocol was randomized in five sets, 10 repetitions, with a load
corresponding to 15 repetitions maximum, in two leg-press (LP) and
bench press (BP) exercises. The results showed that EE was significantly
influenced by the muscle mass involved in the exercise (88-91 kcal in the
LP and 50-54 kcal in the BP exercises). Ratamess et al.” investigated the
relationship between maximal oxygen consumption in ST and the acute
metabolic effects of the exercise sequence. Accordingly, two protocols
were randomly performed, squat first followed by bench press, and/or
bench press first followed by squat. Both protocols were composed of five
sets of each exercise with 75% of 1-RM, 10 repetitions. The results showed
atendency towards an increase in oxygen consumption when the squat
exercise was performed first, i.e., multi joint and large muscle groups.

Therefore, there are countless possibilities for combinations between
the variables of volume and intensity that can increase or reduce EE.
In this context, the order of exercises? and the number of joints involved
in movement as well as muscle group size can significantly increase EE>™#

Studies*>?®3%indicate that training volume has been one of the main
determinants of EE during ST sessions. Thus, considering the studies
available in the literature, it is possible to consider a significant increase
in EE in protocols with high volume when compared to low training
volume with other acute training variables, such as recovery intervals,
speed of movement or training intensity.3283

Thornton et al.2 demonstrated a similar EE response when the repe-
tition volume was equalized. Our results do not support these findings,
demonstrating that the total repetition volume did not influence EE. In
this particular study, the total repetition volume of the training program
was similar between the multi joint sessions and the single joint training
session. In addition, in this study, total EE was significantly higher when
performed at an intensity of 90% 1-RM, demonstrating that intensities
(total weight lifted) can be important variables in the increase of EE in
ST, not corroborating the aforementioned studies.

Moreover, studies*3® have shown a significant increase in EE in
high intensity protocols, compared with low intensity in ST. Hunter
et al.3 compared EE with intensity of 25% of 1-RM and intensity of ap-
proximately 70% of 1-RM in seven trained young men. Thus, the total
EE was 45% higher with high intensity (155 + 28 kcal) when compared
to low intensity (107 + 20 kcal). Reis et al.*° estimated EE at various
intensities, yet the ST sessions are held in four constant 5-minute sets
at the following intensities: 12%, 16%, 20% and 24% of 1-RM, hindering
a comparison between studies.

Therefore, the proposal to elucidate EE for different ST protocols,
i.e, by assigning values to the variables of intensity, volume, pause for
recovery between sets and exercises, and the number of exercises,
would result in changes in EE associated with the session. The study
analyzed EE for three protocols that were different but shared the same
number of exercises, recovery interval and total repetition volume
(repetitions x sets), arriving at different EE values for each protocol as
presented (Table 4).

CONCLUSIONS

The possible breakdowns of the values will depend on the strategy
adopted in the prescription of ST. For instance, if the subject has absolute
EE as a goal, the most appropriate protocol would be high intensity 90%
1-RM with exercises that involve more joints in movement (multi joint
exercises). In view of the above, ST represents a plausible strategy for
maintaining body weight and even for reducing it, where each protocol
presented has an advantage and should be used according to the needs
and objectives of the training participant.
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