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Effects of Pre-Exhausting the Biceps Brachii Muscle on the
Performance of the Front Lat Pull-Down Exercise
Using Different Handgrip Positions

by
José Vilaça-Alves , Lurdes Geraldes1, Helder M. Fernandes1,2, Luís Vaz 1,2,
Renato Farjalla1,3, Francisco Saavedra1,2, Victor M. Reis1,2
1,2

The aim of the present study was to investigate the effects of pre-exhaustion (PE) of the biceps brachii muscle
(BB) on the number of repetitions and the rate of perceived exertion (RPE) in the front lat pull-down (FLPD) using
different handgrip positions. Additionally, the effect of sex and its interaction with performance and the RPE were also
examined. The participants were 19 healthy subjects: 8 men (age: 27.13±2.85 years; body height: 180.63±6.65 cm; body
mass: 82.05±8.92 kg; and body fat: 14.67±6.09%); and 11 women (age: 28.81±3.68 years; body height: 162.91±6.51 cm;
body mass 59.63±6.47 kg; and body fat: 24.11±4.33%). The number of repetitions and the RPE in the FLPD exercise
with different handgrip positions, with and without PE of the BB, was documented. The following main significant
effects were seen: i) PE of the BB decreased the number of repetitions (p<0.001) and increased the RPE (p<0.001); ii) the
narrow handgrip width elicited a higher RPE (p<0.001) and iii) women performed fewer repetitions than men in all
FLPD exercise variations (p=0.023). Significant interactions were also observed between: i) PE or sex and the RPE
(p=0.024); and ii) PE or handgrip width and the number of repetitions (p<0.001). In conclusion, PE of the BB promotes
a decreased performance in the FLPD exercise along with a greater RPE, especially when using a narrow handgrip
position.
Key words: resistance training; front lat pull-down; handgrip width; biceps brachii; perceived exertion.

Introduction
An appropriate and efficient combination
of resistance training (RT) variables is crucial to
the subsequent adaptations and the achievement
of a specific goal. Possible RT variations include
changing: the number of sets, repetitions, and
exercises; the rest interval between sets and
exercises, the number of training days within a
week; the load used; the type of muscle
contraction; the cadence of movement; the choice
of specific exercises; and the execution order of
exercises (Fleck and Kraemer, 1996). Numerous
studies have focused on the influence of exercise

order on muscle performance (Sforzo and Touey,
2006; Simão et al., 2005; Spreuwenberg et al., 2006;
Romano et al., 2013). Based on aforementioned
research it seems that a larger amount of work can
be performed in exercises at the beginning of the
training session, both in exercises that involve the
upper limbs (Simão et al., 2005) and those that
involve the lower limbs (Simão et al., 2005;
Spreuwenberg et al., 2006).
Pre-exhaustion (PE) is a RT method of
combining two exercises, in which a single-joint
exercise performed exhaustively is followed by a
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multi-joint exercise. The purpose of PE of the
smaller muscle is to provide lower involvement of
this muscle in the subsequent multi-joint exercise,
thereby enabling greater participation of other
muscles. Augustsson et al. (2003) examined the
performance in the squat exercise when preceded
by leg extension exercise and found decreased
muscle activity and a reduction in strength when
performing the squat exercise after PE. This
finding may be explained by the fact that the
quadriceps femoris muscle group, a major agonist
in both exercises, had been pre-exhausted.
One popular upper body RT exercise is
the lat pull-down (LPD) involving the
intervention of several muscle groups: the
latissimus dorsi, the rhomboids, the middle
trapezius, and the biceps brachii (BB). The LPD
exercise can be performed with different
variations: the bar can be pulled to the upper
chest (FLPD) or to the back of the neck; the
handgrip can vary in width (wide vs. narrow);
and the handgrip can be in pronation or
supination. Several authors have addressed the
effect of the use of such variations on the
involvement of different muscle groups that
intervene in the exercise. Sperandei et al. (2009)
compared front vs. behind the neck LPD exercise
with a V bar and concluded that the safest way to
perform the exercise was to pull the bar to the
upper chest (FLPD exercise). Lustk et al. (2010)
observed that there was greater activation of the
latissimus dorsi muscle during the FLPD exercise
with hands pronated, regardless of the handgrip
distance. In addition, with the hands pronated,
the BB was the most elicited upper arm muscle
group when a handgrip of shoulder width was
used.
With respect to possible sex differences,
studies have shown that males have significantly
higher muscle strength than females, especially in
the upper body and in the muscle groups that
present a higher percentage of fat-free mass
(Hubal et al., 2005; Staron et al., 1994). However, a
meta-analysis presented by Rhea and Alderman
(2004) reported similar responses in muscle
strength levels between sexes when only fat-free
mass was considered. According to Lemmer et al.
(2007), the differences between sexes in maximum
strength vary at different body sites. For example,
females present a slightly larger relative strength
in the lower body when compared with males.
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Kell (2011) observed a better adaptation by female
subjects to a RT program, as compared with
males. Salvadora et al. (2009) observed a
significant decrease in the fatigue rate of female
subjects when compared with males.
Although RT instructors tend to use PE
training techniques as a method for eliciting
greater muscle activation during the subsequent
multi-joint exercises, its effects on all types of
upper body strength exercises is not yet well
understood. Therefore, it is relevant to study
whether PE of the BB muscle group influences the
number of repetitions and the rate of perceived
exertion (RPE) of the FLPD exercise when using
different handgrip distances. Therefore, the aim of
the present study was to investigate the effects of
pre-exhaustion (PE) of the biceps brachii muscle
(BB) on the number of repetitions and the rate of
perceived exertion (RPE) in the front lat pulldown (FLPD) using different handgrip positions.

Material and Methods
Participants
Nineteen healthy, physically active
Caucasian subjects (8 men and 11 women)
volunteered to participate in this study. Table 1
provides the characteristics of the participants by
sex. Every selected participant had been engaged
in physical activity (comprising resistance
training) for at least 3 days per week over the
previous 6 months. Participants were informed
about the possible risks or discomfort involved in
the experiment and provided written informed
consent to participate in the study. The
procedures were designed according to the
Helsinki Declaration and were approved by the
Ethics Committee of the University of Trás-osMontes & Alto Douro.
Procedures and Measures
All participants were evaluated in a total
of six sessions on non-consecutive days. Session 1
was dedicated to the measurement of body mass,
height, body fat, and 1-repetition maximum tests
(1RM). Anthropometric measures were recorded
in light clothing using a portable stadiometer
(Sanny ES 2030, Physical Nutri, Araraquara, SP,
Brazil) with accuracy of 0.1 cm and a portable
scale (Seca, Cirencester, UK) with accuracy of 0.1
kg. Skinfold measurements were performed by a
trained and experienced technician, using a
skinfold calliper (Sanny AD1010, Physical Nutri,
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Araraquara, SP, Brazil) according to standardized
procedures (ACSM, 2010). The measurements
were made in triplicate, and their means were
used in further calculation. Body fat was
estimated from measurements of skinfold
thickness by using the generalized skinfold
equations from Jackson and Pollock (1978) and
Jackson et al. (1980). In session 2, the 1RM was reevaluated. In sessions 3 and 4, the number of
repetitions and RPE values in the FLPD with a
wide grip (FLPD-WG) or in FLPD with a normal
grip (FLPD-NG) positions were measured. In
session 3 the choice of the exercise was randomly
selected, and in session 4 the FLPD was
performed with a different grip than in the
previous session. In sessions 5 and 6, the same
variables and exercises of sessions 3 and 4 were
measured and performed, respectively, after PE of
the biceps brachii muscle. The PE was obtained by
using the arm curl exercise with a barbell (BC). All
resistance exercises were performed with 70% of
the 1RM load with an up-down cadence of 60
beats/min (30 repetitions per minute) controlled
by an electronic metronome (Korg MA-30, Korg,
Melville, New York, USA). Three sets of 10
repetitions of the BC exercise were used to
promote pre-exhaustion with a rest interval of 90 s
between sets. The BC exercise was performed
using an underhand grip at shoulder width. An
interval of 72 hours between sessions was
assured. In addition, all subjects were instructed
to refrain from any strenuous physical activity
(e.g., cycling, running, weight lifting and
recreational activities) during the experimental
period.
Strength Testing
The 1RM testing protocol was described
by Kraemer and Fry (1995). The participants
performed a 1RM familiarization protocol in all
strength exercises performed in the first four
sessions (Levinger et al., 2009), with an emphasis
on the specific technique and breathing rhythm
for lifting. An electronic metronome was used for
pacing to control exercise rhythm. The heaviest
load achieved was considered the 1RM load. To
minimize the error during the 1RM tests, the
following strategies were adopted (Simão et al.,
2007): a) standardized instructions concerning the
testing procedures were given to participants
before the test; b) participants received
standardized instructions on exercise technique; c)
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the 60 beats/min cadence was maintained; and d)
standard verbal encouragement was provided
during the testing procedure. The 1RM was
determined in 5 attempts with a rest interval of 5
minutes between them.
Handgrip Width, Number of Repetitions and Rate
of Perceived Exertion
The FLPDs with a narrow and wide grip,
with and without PE, were performed following
the procedures suggested by Graham (2003)
differing only by the handgrip width. The FLPDNG was performed with the handle grip at
shoulder width and with FLPD-WG at the
downward bend of the bar. The subjects were
instructed not to pause at each metronome beep.
On the FLPD-NG and on the FLPD-WG, the
number of repetitions performed was measured
by counting the number of correct executions of
the movement when the bar was in the start
position. If the subjects did not maintain the
cadence or the correct execution for two
repetitions, the counting stopped and the number
of repetitions was registered. At the last repetition
of each exercise, the RPE was recorded by
showing the OMNI-RES scale. The OMNI-RES
scale was always visible for the participant, and a
previous familiarization period was implemented
according to the procedures suggested by Lagally
and Robertson (2006).
Statistical analysis
The data were processed using SPSS 21.0
for Mac and presented as mean and standard
deviation. Shapiro-Wilk, Levene and Mauchly’s
tests were used in order to check the normality,
homogeneity and sphericity, respectively, of the
sample’s data variances. The intraclass correlation
coefficient (ICC) was used to measure the
repeatability on the strength tests. A 2 (groups) x
2 (with and without PE) x 2 (handgrips width)
repeated measures ANOVA was performed.
Partial eta-squared values (ηp²) were reported as
measures of effect size, with values higher than
0.01, 0.06 and 0.14 representing small, medium,
and large effects, respectively (Cohen, 1988). The
level of significance was set at p<0.05.

Results
Excellent day-to-day 1RM reliability was
shown for the BC and FLPD exercises, namely, BC
(ICC=0.99), FLPWG (ICC=0.99), and FLPDNG
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ηp²=0.86). A lower number of repetitions in all
FLPD execution variations was observed (F=6.21;
p=0.023; ηp²=0.27) in women. Furthermore, an
interaction between PE and sex on the RPE
(F=6.15; p=0.024; ηp²=0.27) was also noted in the
FLPD-NG, with women showing a higher
increment in the RPE after PE. PE also showed an
interaction with the grip width in the FLPD
execution. More specifically, the FLPD-NG
condition showed a reduced number of
repetitions (F=20.04; p<0.001; ηp²=0.54) when
compared with the FLPD-WG condition (both
with PE).

(ICC=0.98).
Table 2 presents the number of exercise
repetitions and the RPE according to different
handgrip conditions and sex.
The main negative effect of the BB EE on
the number of repetitions (F=101.22; p<0.001;
ηp²=0.86), on the RPE (F=66.92; p<0.001; ηp²= 0.80)
and on the FLPD performance with the two
handgrips width was observed in both sexes. The
narrow handgrip also negatively influenced the
RPE on the FLPD performance with and without
pre-exhaustion in both sexes (F=105.78; p<0.001;

Table 1
Characteristics of the participants
Men
(n=8)

Women
(n=11)

Age (years)

27.13±2.85

28.82±3.68

Body height (cm)

180.63±6.65

162.91±6.52

Body mass (kg)

82.05±8.92

59.63±6.47

Estimated body fat (%)

14.67±6.09

24.11±4.33

1RM FLPD-WG (kg)

81.25±18.40

44.36±6.00

1RM FLPD-NG (kg)

85.13±21.66

49.27±5.76

1RM BC (kg)

38.50±7.76

18.36±3.32

Values are given as means ± SD; FLPD-WG – Front lat pull-down
exercise with wide grip;
FLPD-NG – Front lat pull-down with narrow grip; BC – Biceps curl;
1RM – one repetition maximum

Table 2
Number of repetitions (rep) and rate of perceived exertion (RPE)
in the front lat pull-down exercise (FLPD) using different handgrip positions.
Men (n=8)

Women (n=11)

Without PE

With PE

Without PE

With PE

FLPD-WG (rep)

13.63±1.51

10.75±2.66

12.18±1.78

9.91±1.70

FLPD-NG (rep)

14.50±0.53

9.38±1.85

11.36±2.62

8.09±1.87

RPE FLPD-WG

7.88±0.35

8.75±0.46

7.64±0.67

8.55±0.52

RPE FLPD-NG

9.50±0.54

9.75±0.46

9.18±0.41

9.73±0.91

Values are given as means ± SD; FLPD-WG – Front lat pull-down exercise with wide grip;
FLPD-NG – Front lat pull-down with narrow grip
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Discussion
An important finding of the present study
was that a significant decrease was observed, in
both sexes, in the performance of the FLPD-WG
and FLPD-NG exercises after PE. These data are
in line with the study by Augustsson et al. (2003)
who documented a decrease in the number of
repetitions with the leg press exercise after
performing PE with leg extension exercise. These
authors also observed a decrease in the
electromyography signal of the rectus femoris and
the vastus lateralis muscle, showing that the most
elicited muscle groups responded to PE by
decreasing their ability to create tension. Gentil et
al. (2007) and Brennecke et al. (2009) also
observed that PE caused a decrease in the
electromyography signal in the pre-exhausted
muscle group, namely the pectoralis major muscle
group during the horizontal chest press exercise
(pre-exhausted with the peck-deck exercise).
Regarding handgrip width, a significant
decrease in the number of repetitions between
FLPD-WG and the FLPD-NG was observed only
when the exercises were performed following PE
of the BB. Handa et al. (2005), using surface
electromyography, observed lower activation of
the BB when a wide handgrip width was used
with the FLPD exercise. Signorile et al. (2002)
reported greater intervention of the BB muscle
during the FLPD when the handgrip width was
narrow. Since the exercise used for pre-exhaustion
in this study was the biceps curl and a major
muscle in this movement is the BB, the decrease in
the number of repetitions with the FLPD-NG
when compared to the FLPD-WG may be
explained by the considerable involvement of the
BB in the latter. However, Lusk et al. (2010) did
not observe significant changes in the
electromyography signal of the latissimus dorsi,
middle trapezius and BB muscle groups with
wide or narrow handgrips. The width of the
narrow grip condition in the two studies was
much different, and this may account for the
different results that were reported.
No significant differences were observed in the
number of repetitions in the FLPD performed by
males vs. females, regardless of the grip used.
Likewise, in a study by Johnson et al. (2009), no
differences between sexes were observed in the
same exercise performed with a wide handgrip, in
which the BB muscle is probably less activated
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(Brennecke et al., 2009). Lemmer et al. (2007)
suggested that the BB muscle and the upper body
muscle groups in general, had a smaller capacity
to alter the production of maximum strength in
females as compared to males. Moreover, in
elderly women a significantly inferior capacity for
strength production was observed with the upper
body muscles when compared with their male
peers (Wiacek and Zubrzycki, 2010). On the other
hand, Kell (2011) observed a greater increase in
strength in females compared to males. However,
the female participants of the Kell’s (2011) study
were untrained while male subjects were trained.
In fact, training progression is greater in trained
subjects in comparison with untrained ones.
Regarding the RPE, no significant
differences were observed between sexes in either
FLPD variations analysed. However, PE and the
handgrip width influenced the RPE, with higher
values of the RPE observed in the FLPD-NG
condition. The RPE was influenced by the
interaction between PE and sex, with women
showing a higher increment of RPE values in the
FLPD-NG when compared with the values of no
PE. This may be related to the fact that the narrow
handgrip width fosters a superior recruitment of
minor muscle groups (e.g., the BB) and may be
more easily fatigued, resulting in higher RPE
values by females. This argument corroborates the
findings of Lemmer et al. (2007) who indicated
that women had a reduced capacity of maximum
strength production in BB muscle and
consequently presented a greater RPE in efforts
that required greater intervention by this muscle
group.

Conclusions
Based on the present results, we may conclude
that within both sexes the pre-exhaustion of the
biceps brachii muscle can promote greater fatigue
and a higher RPE in the subsequent execution of
the FLPD. The FLPD with narrow handgrip width
also appears to be influenced negatively by PE in
the number of repetitions and the RPE in both
sexes. Nevertheless, a higher RPE was observed in
the females when performing the FLPD-NG after
PE. Future studies should be carried out using
electromyography analysis in order to better
understand muscle recruitment differences
during the FLPD exercise performed after preexhaustion and using different handgrips widths.
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