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Effect of attentional focus on squats on lactate production and rating of perceived exertion in trained men
Efecto del foco atencional en la sentadilla sobre la produccién de lactato y la percepcion del esfuerzo
percibido en hombres entrenados
*Salvador Vargas-Molina, *Manuel Garcia-Sillero, **Ulises Salgado, ***Leandro Carbone, **##*Fernando Martin-Rivera
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Abstract. Purpose: The aim of this study was to investigate the effect of internal focus (IF) and external focus (EF) on lactate production
and the perception of perceived exertion in the squat in strength trained-men. Methods: Thirteen men with experience in strength train-
ing (age =22.61 % 1.19 years; height = 180 * 6.55 cm; body mass = 79.38 £ 5.57 kg; BMI = 24.56 £ 2.11 kg'm’; Squat = 129 * 20
kg) performed two sessions, separated by one week, comprising 3 sets of 10 repetitions of the back squat with one minute of rest between
sets. During the IF protocol participants were instructed to focus on tightening the quads during all repetitions, while participants in the
EF were instructed to focus on lifting the barbell. Blood lactate samples were collected before and at immediately after each of the 3 sets,
as well as 15 minutes after the last set. Additionally, the rating of perceived exertion (RPE) was evaluated using the OMNI-RES scale
immediately after the completion of each session. Results: Significant increases were found in the IF protocol at the end of each of the 3
sets, with significant effect sizes (1* set, P= .000, d= 2.66; 2 set, P= .000; d= 3.14; 3" set, P= .000, d= 3.50), as in the EF protocol (1*
set, P=.001, d= 2.24; 2" set, P= .000, d= 3.35; 3" set, P= .000; d= 3.67). However, there were no significant inter-group differences
between pre and any set (1% set, P=0.951, d=0.03; 2 set, P=0.239, d=0.47; 3" set, P=0.435, d=0.31, respectively). Additionally, the
perceptions on the RPE scale were higher in the FI (P=0.032; d = 0.47). Conclusions: Findings suggest that the application of IF may
indirectly contribute to muscle hypertrophy in multi-joint lower limb exercises, due to the increase in RPE values and the existing corre-
lation with lactate production.

Keywords: Mind-muscle, muscle hypertrophy, internal focus, mind-muscle connection, resistance training

Resumen. Objetivo: El objetivo de este estudio fue investigar el efecto del foco interno (FI) y del foco externo (FE) sobre la produccion
de lactato y la percepcion del esfuerzo percibido en la sentadilla en hombres entrenados en fuerza. Métodos: Trece hombres con expe-
riencia en el entrenamiento de fuerza (edad =22,61 £ 1,19 afios; altura = 180 * 6,55 cm; masa corporal = 79,38 £ 5,57 kg; IMC =
24,56 £ 2,11 kg-m-2; sentadilla = 129 * 20 kg) realizaron dos sesiones, separadas por una semana, que comprendfan 3 series de 10
repeticiones de la sentadilla con un minuto de descanso entre series. Durante el protocolo de Fl, los participantes fueron instruidos para
concentrarse en tensar los cuadriceps durante todas las repeticiones, mientras que los participantes en el EF fueron instruidos para concen-
trarse en levantar la barra. Se tomaron muestras de lactato en sangre antes ¢ inmediatamente después de cada una de las 3 series, asi como
15 minutos después de la Gltima serie. Ademas, se evaluo la calificacion del esfuerzo percibido (RPE) utilizando la escala OMNI-RES
inmediatamente después de la finalizacion de cada sesion. Resultados: Se encontraron aumentos significativos en el protocolo IF al final de
cada una de las 3 series, con tamafios de efecto significativos (1* serie, P=.000, d= 2,66; 2" serie, P= .000; d= 3,14; 3" serie, P= .000,
d= 3,50), al igual que en el protocolo FE (1* serie, P= .001, d= 2,24; 2* serie, P= .000, d= 3,35; 3" serie, P= .000; d= 3,67). Sin
embargo, no hubo diferencias intergrupales significativas entre el pre y cualquier set (1° set, P=0,951, d=0,03; 2° set, P=0,239, d=0,47;
3" set, P=0,435, d=0,31, respectivamente). Ademas, las percepciones en la escala RPE fueron mayores en la IF (P= 0,032; d = 0,47).
Conclusiones: Los hallazgos sugieren que la aplicacion de la IF puede contribuir indirectamente a la hipertrofia muscular en ejercicios
multiarticulares de miembros inferiores, debido al aumento de los valores de RPE y a la correlacion existente con la produccion de lacta-
to.
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Introduction tations (Morton et al., 2019). There are two basic categories
of attentional focus: internal focus (IF) and external focus

The proper manipulation of exercise program variables  (EF). An IF centers on the mind-muscle connection, with

and the knowledge of their underlying scientific bases, are
key for optimizing the results from resistance training inter-
ventions (Morton, Colenso-Semple, & Phillips, 2019). Ca-
dence, rest intervals, intensity, volume or frequency are
variables that have been evaluated in isolation, even grouping
several of them in different protocols (Vargas et al., 2019).
Attentional focus is another relevant program variable to
take into account when seeking to maximize muscular adap-
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the objective of isolating the target muscle as much as possi-
ble from other working muscles (e.g. synergists and antago-
nists). Alternatively, an EF directs attention to external
elements (e.g. floor, bar, wheels...) (Wulf, Hoss, & Prinz,
1998), which favors increases in strength and task perfor-
mance (Halperin, Chapman, Martin, & Abbiss, 2017; Wulf,
2013). Studies show that an IF elicits a greater electromyo-

graphic activation in the target muscle compared to an EF
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(Calatayud et al., 2016; Snyder & Fry, 2012; Snyder &
Leech, 2009). Moreover, an IF has been shown to promote
superior increases in muscle thickness of the biceps brachii
when compared to an EF over an 8-week resistance training
intervention, although no hypertrophic differences were
observed between conditions for the quadriceps (Schoenfeld
etal., 2018).

Exercise-induced metabolic stress has been proposed as a
contributing stimulus for muscle hypertrophy (Schoenfeld,
2013). In particular, blood lactate [bLa-] is considered a
potential  hypertrophic ~ signaling metabolite  (Ozaki,
Loennecke, Buckner, & Abe, 2016; Schoenfeld, 2013). Re-
cently, it has been hypothesised that [bLa-] per se does not
promote muscle hypertrophy, although it is indirectly relat-
ed due to the induction of fatigue, the recruitment of motor
units and the muscle activation that is generated.(Dankel et
al., 2017).

Rating of Perceived Exertion (RPE) scales are often used
for the determination of exercise intensity because they are
an accurate measure of physiological indicators affecting
exercise. Their use is valid and reliable across different
populations and different exercise modalities (Halperin &
Emanuel, 2019; Blazquez , Garcia et al., 2021). However,
these scales can be altered by different situations that may
occur during training (Halperin & Emanuel), such as the
different internal and/or external foci used, and the rela-
tionship between RPE and the use of internal or external
foci during exercise is unknown.

On the other hand, a greater perceived exertion (RPE)
would increase [bLa-] (Aniceto et al., 2015; Kraemer,
Noble, Clark, & Culver, 1987; Vargas-Molina, Martin-
Rivera, et al., 2020). However, is unknowing if the applica-
tion of FI or EF could indirectly favor muscle hypertrophy
by improving these parameters.

The purpose of this study was to investigate the effect of
IF and EF on [bLa-] and RPE in the squat (SQ) exercise in
strength-trained participants. Based on the previous relation-
ships found, between [bLa-] and muscle activation (Candotti
et al., 2008; Snarr, Howell, & Sheppard, 2018), as well as IF
and muscle activation (Calatayud et al., 2016) we hypothe-
sized that employing an IF would promote a greater increase
in both [bLa-] and RPE than when employing an EF.

Materials and methods

Participants

Thirteen men (age =22.61 £ 1.19 years; height = 180 *
6.55 cm; body mass = 79.38 £ 5.57 kg; BMI = 24.56 £
2.11 kg'm?; Squat = 129.20 * 20.66 kg) with over two
years of continuous strength training experience volunteered
to participate in this study. The exclusion criteria were: a)
be outside the age range of 18 to 30 years; b) have less than
two years of experience with high-intensity strength training
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c) had used doping agents (e.g. androgenic anabolic steroids)
in the previous two years; d) currently taking any kind of
sport supplement (e.g. whey protein, creatine); ¢) had suf-
fered a traumatic injury at neuromuscular or musculoskeletal
level on the lower limb (e.g. knee or hip) in the previous six
months or had surgery on their knee or hip joint. Partici-
pants were instructed not to consume stimulant—containing
beverages (e.g., caffeine) 3-4 hours prior to the assessments,
and not to perform lower limb exercise in the 72 hours prior
to each laboratory visit. Additionally, they were instructed
to get a minimum of 8 hours of sleep before the testing ses-
sions.

Prior to participation, participants filled out a PAR-Q
questionnaire; no participant answered affirmatively to the
established questions. Participants were informed about the
experimental procedures and the possible risks and signed
informed consent. The study adhered to the ethical guide-
lines of the World Medical Association Declaration of Hel-
sinki (WMA, 2013). The research protocol was reviewed
and approved by the Ethics Committee of the of the EADE-
University of Wales Trinity Saint David (Malaga, Spain)
Committee's reference number: (EADECAFYD2021-1).

Measures

Procedures

The participants made three visits to the laboratory. In
the first session, we obtained anthropometric measurements
from participants and familiarized them with the concepts of
IF and EF, as well as the use of the rating perceived exertion
scale (RPE), OMNI-RES (Robertson et al., 2003). After
familiarization, we obtained estimates of participants’ IRM
in the back squat (BS). During the second and third sessions
the respective IF and FE protocols were carried out in a
randomized fashion, with sessions separated by a one-week
recovery interval.

Familiarization session and 1RM testing

In the first session, body mass was assessed by a digital
scale (Tanita, model BC-601, Tokyo, Japan) and height via a
stadiometer (SECA, model 217, Hamburg, Germany). Ad-
ditionally, participants completed the PAR-Q questionnaire
and were informed about how to employ an IF and EF, with
verbal instruction provided to facilitate learning of both
approaches

The warm-up in both the familiarization session and the
experimental sessions followed the guidelines employed in
our previous research (Vargas-Molina, Petro, et al., 2020).
A pre-test warm-up of 7-10 minutes of light cardiovascular
exercise (set at a RPE 5-6) was performed. One set of 12 to
15 repetitions was then performed with 40% of the 1RM
estimated by the participants. Load increases of approxi-
mately 10% of the IMR were performed until a mean pro-
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pulsive velocity (MPV) of 0.5 ms was achieved using a linear
position transducer (SmartCoach Power Encoder SPE-35,
SmartCoach Europe AB, Stockholm, Sweden) followed by
increments of 5 to 10 kg until 1RM were reached, based on
(Gonzalez-Badillo & Sanchez-Medina, 2010). A rest interval
of 3 to 5 minutes was allowed between each attempt. Execu-
tion of the BS was standardized to include an erect posture
of the trunk, feet separated approximately at hip width with
the hips having a slight external rotation, avoidance of knee
valgus, stable support of the foot and the bar resting on the
upper trapezius. Participants were required to descend until
the hips were at the same level as the knees. The correct
technique was validated by two assistants, who determined
the depth of the BS using a Halo digital goniometer (Halo
Medical Devices, Subiaco, Western Australia), to ensure
that the knee angle was 90° in each participant. The protocol
followed the recommendations described by McGuigan
(McGuigan, 2016) and the squat technique by Caulfield and
Berninger (Caulfield & Berninger, 2016). Additionally, once
the evaluation of the 1 RM in BS, to ensure that the proto-
cols were well understood we proceeded to perform 2 to 3
series of 8-10 test repetitions, including quadriceps palpation
when it corresponded to the IF protocol. After the first
session, participants were randomly assigned to perform the
sessions two and three

IF and EF protocols in

(www.randomizer.org).

Experimema] sessions

As mentioned, the experimental sessions began with a
warm-up, which was similar as that described in the familiar-
ization phase. Thereafter, the IF and EF protocols took place
in randomized fashion (fig. 2). All participants performed
both protocols seven days apart. The protocol consisted of 3
sets of 10 repetitions in the BS at 60% of the 1RM was calcu-
lated for the application of the protocols, which have been
shown to generate more electrical activity when IF is applied
(Calatayud et al., 2016). Participants performed each repeti-
tion until reaching 90° parallel to the floor, with a tempo of
1 second in the concentric phase and 2 seconds in the eccen-
tric controlled by a metronome (App Metronome M1),
adjusted to 60 rpm with a % beat in both protocols. A, 1
minute rest period was provided in between sets. The posi-
tion of the rack and the grip of the bar was the same as in the
familiarization session. For IF, participants were instructed
to "focus on contracting the quadriceps as much as you can
and for the entire duration of the set," while for EF, the cue
was to "focus on pushing the floor as hard as you can" as per
Halperin et al. (Halperin, Williams, Martin, & Chapman,
2016).

All testing sessions were supervised by the research
team. In this case, one researcher was placed on one side of
the rack monitoring the correct technique and other one
recording the data using the LPT.
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Figure 1. Study design

Blood samples were taken for measurement of the [bLa-]
before the test began, while in a seated and fully relaxed
position. They were then taken again just after the end of
each of the three sets, and 15 minutes after the end of the
third set. The blood collection between sets and at the end
was also done with the participants seated and relaxed. Sam-
ples were taken from the earlobe, a conventional sampling
location (Forsyth & Farrally, 2000; Scherr et al., 2013),
after the earlobe was cleaned and sterilized with 70% etha-
nol. A blood sample (20.5 pl) was collected and then ana-
lyzed with a lactate measurement device (Lactate Scout =+,
SensLab GmbH, Leipzig, Alemania).

Additionally, we obtained RPE values on a scale of 1 to
10, as described by Robertson et al. (Robertson et al.,
2003). Specifically, participants were instructed to report
their perceived exertion level immediately at the end of the
three sets of each protocol. They were told that the numeri-
cal value 2 corresponded to easy, 3-4 somewhat easy, 6
somewhat hard, 8-9 hard, and 10 extremely hard. To facili-
tate understanding, there was a visual illustration of the scale
all times.

Analysis

Results are expressed as mean (X), standard deviation
(SD) and 95% confidence intervals (95% CI). The normality
of the data was determined with the Shapiro-Wilk test. Re-
peated measures ANOVA was used to established intra-
subject comparison, with unilateral significance values, be-
tween the time factor of the 5 measurements obtained from
each protocol (Pre, 1, 2, 3, post 15 min). Greenhouse-
Geisser correction was used to establish the principal effect
of time and time x group and post hoc analysis with the Bonfer-
roni test considering the partial eta squared value (17°p) and
Cohen's d test (d) as a measure of ES.

ANOVA test of independent measurements was used to
established Inter-subject comparisons between the two pro-
tocols. The comparison between RPE was performed with
the paired t-test. The effect size (ES) was calculated by Co-
hen's d test for intra-group interactions. The significance
level assumed for all tests was 0.05. Statistical analysis was
performed with SPSS (Version, 25, SPSS, IBM Corporation,
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Armonk, New York, USA) and the graphics were processed
with el Software GraphPad version 6 (GraphPad Software,
California, E.U).

Results

To test difference between training protocols blood lac-
tate concentration levels, 13 participants with experience in
resistance training, were assessed, in two different mo-
ments, in a first instance using the IF protocol, the results
shown in the lactate test showed statistically significant val-
ues of F= 38.9, p < 0.01 y p?= 0.76, the results are shown
in figure 2(A). For the EF protocol, we obtained values of F
= 65.53, p <. 0.01 y np?= 0.84, the results are shown in
figure 2(A). Mean and SD are shown in table 2. For inter-
protocol comparisons the results of the tests performed
were; LacPre F= 0.038, p= 0.848, d= 0.08, Lacl F =
0.004, p= 0.951, d= 0.03, Lac2 F = 1.460, p= 0.239, d=
0.47, Lac3 F = 0.630, p= 0.435, d=0.31, Lac4 F = 0.625,
p= 0.437, d= 0.30, no difference was found between pro-
tocols. Mean and SD are shown in table 2. Figure 2(B).

The RPE showed significantly greater effects for IF com-
pared to EF =2.42; p 0.032] y (d = 0.47), indicating that
the perceived effort was higher when using the IF protocol
(see Table 3 and Figure 2 C).

Table 1. Intra-subject comparison

X+ SD F p np?
PRE 1.48 £ .62
1 3.40 + .81
IF 2 6.03 £1.95 38.91  0.000%** (.76
3 7.72 1 2.44
436+ 1.43
PRE 1.53£.58
1 3.43+1.05
EF 2 5.21 +1.44 65.53  0.000%** 0.84
3 7.02£2.03
4 3.96 +1.18

Results are expressed as mean (X), standard deviation (SD). IF: Internal Focus,
EF: External Focus. Values; *p < .05; **p < .01; ***p < 001

Table 2. Inter-subject comparison

X +SD F b d
IF 148 .62
Lac Pre EF 153 +.58 0.038 0.848 0.08
Lac 1 IF 340 % 81 0.004 0.951 0.03
ac EF 343 +1.05 : : .
IF 6.03 T 1.95
. . 239 .
Lac2 i oot 1 ae 1.460 0.23 0.47
IF 770 T 244
Lac3 i Cort oo 0.630 0.435 0.31
IF 136 T 143
15 mi 0.625 0.437 0.30
mho gg 3.96 +1.18

Results are expressed as mean (X), standard deviation (SD). Lac: Lactate. IF:
Internal Focus, EF: External Focus. Values; *p < .05; **p < .01; #**kp <
.001

Table 3. t-test for RPE

IF EF
XEsD XESD g ¢ P d
RPE 8.50 .57 8.15+.87 12 242 0.032% 047

Values of bilateral significance in; *p < .05; *#p < .01; *#*p < 001,
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Figure 2. Results
Discussion

Our study aimed to evaluate the effects of attention focus
on [bLa-] and RPE in BS. We presumed that an IF would
generate higher values of [bLa-] and RPE compared to an EF.
Our results partially support our hypothesis, since the RPE
values were higher in the IF protocol. Alternatively, alt-
hough both protocols generated significant increases in [bLa-
], there were no significant differences between them. In this
way, relationships between [bLa-] and motor unit recruit-
ment have been found (Gladden, 2004) in fact (Dankel et
al., 2017) concluded that the main role behind muscle hy-
pertrophy attributed to the production of metabolites lies in
the ability to increase muscle activation. Therefore, it can be
assumed that increases in [bLa-] would optimize muscle
hypertrophy. However, we did not find significant results in
favor of IF in [bLa-] but, if there are higher RPE values.

Given that investigations with larger samples (Vargas-
Molina, Martin-Rivera, et al., 2020), 40 participants did find
a correlation between RPE-|bLa-] we can assume that the
limitation of 13 participants in our investigation would nega-
tively affect the statistical results, in fact, the trend is in favor
of the IF in LA, as we can see with a difference in the size of
the effect at the end of the second and third series and at 15
minutes (d = 47; d = 31; d = 30).

Effects of IF and EF on hypertrophic measures have been
evaluated directly by ultrasound (Schoenfeld et al., 2018),
who reported greater muscle thickness changes of the elbow
flexors in favor of an IF versus EF following an 8-week train-
ing intervention (12.4% vs. 6.9% respectively). Alternative-
ly, no significant between-group differences were observed
in the quadriceps. Therefore, an advantage is seen in the FI
in analytical exercises, such as the bicep curl, probably in
multi-joint exercises the mind-muscle connection is difficult.
For example, the BS involves the combined activation of
multiple muscles including the quadriceps, knee flexors,
gluteal, and plantar flexors, as well as involving numerous
stabilizers (Schoenfeld, 2010b). Consequently, there are no
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clear data because it's easier to direct focus internally during
single-joint movements. Additionally, it should be noted
that the favorable hypertrophic benefits of IF shown by
Schoenfeld et al. (Schoenfeld et al., 2018) were exclusive to
upper body exercises (biceps curl). Alternatively, changes in
muscle thickness were similar irrespective of attentional
focus in the lower body musculature, despite the fact that an
isolated exercise was used (leg extension). Indirectly, we did
not find [bLa-] significantly in a lower limb exercise, alt-
hough, in this case it was a multi-joint exercise like BS.

On the other hand, the RPE is a way of quantifying the
internal load (Bourdon et al., 2017). Positive relationships
between active muscle RPE and overall body RPE have been
found with surface electromyography (EMG) in the rectus
femoris, vastus lateralis, and vastus medialis muscles
(Duncan, Al-Nakeeb, & Scurr, 2006), and the biceps brachii
(Lagally, Robertson, Gallagher, Goss, et al., 2002) and
increased muscle activation, would indirectly favor muscle
hypertrophy by recruiting more motor units.

Additionally, if the mechanical stress (MT) is composed
of the load and the time under tension (Schoenfeld, 2010a),
higher loads mean more MT, thus, in the investigations of
Day, McGuigan, Brice, & Foster (2004) and Lagally &
Robertson (2006) more percentages of loads were related to
more high RPEs. For this reason, one might think that higher
rates of exertion may benefit the hypertrophic stimulus.
However, when total work is matched, RPE is related to
intensity (30% -60% -90% RM) with training volume being
the primary programming variable for generating hypertro-
phy Morton et al., 2019. (Duncan et al., 2006; Lagally,
Robertson, Gallagher, Gearhart, & Goss, 2002)

Consequently, although there was no difference between
the groups in [bLa-], the effect sizes favoured IF. Further-
more, the RPE was higher for IF (p> 0.032; d = 0.47). And
if we take into account the overlap found between [bLa-] and
RPE (Aniceto et al., 2015; Kraemer et al., 1987; Vargas-
Molina, Martin-Rivera, et al., 2020) IF could be more fa-
vourable. Also, the small sample size and the difficulty of
isolating the target muscle in multi-joint exercises may ex-
plain why no significant effects were obtained in [bla-] in
favour of IF.

Conclusion

Our results suggest that the application of IF generates a
significant increase in EPR and a favourable trend in [bLa-],
although no significant differences in this parameter were
found. Further studies should be conducted to determine the
potential of IF to cause hypertrophy.
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