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 High-Density Electromyography Excitation in Front  
vs. Back Lat Pull-Down Prime Movers 

by 
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The current study compared the spatial excitation of the primary muscles during the lat pull-down exercise with 
the bar passing in front (front-LPD) or behind the neck (back-LPD) using high-density electromyography. Fourteen 
resistance trained men performed a front-LPD or a back-LPD within a non-fatiguing set with 8-RM as the external load. 
The muscle excitation centroid of latissimus dorsi, middle trapezius, pectoralis major, biceps brachii, triceps brachii and 
posterior deltoid muscles were recorded during the ascending and the descending phase. During the descending phase, 
the front-LPD showed superior excitation of the latissimus dorsi (ES = 0.97) and the pectoralis major (ES = 1.17), while 
in the ascending phase, the back-LPD exhibited superior excitation of the latissimus dorsi (ES = 0.63), and the front-LPD 
showed superior excitation of the biceps brachii (ES = 0.41) and the posterior deltoid (ES = 1.77). During the descending 
phase, the front-LPD showed a more lateral centroid of the latissimus dorsi (ES = 0.60), the biceps brachii (ES = 0.63) 
and the triceps brachii (ES = 0.98), while the centroid was more medial for the middle trapezius (ES = 0.58). The centroid 
of the middle trapezius was also more medial in the front-LPD during the ascending phase (ES = 0.85). The pectoralis 
major centroid was more cranial in the front-LPD for both the descending (ES = 1.58) and the ascending phase (ES = 
0.88). The front-LPD appears to provide overall greater excitation in the prime movers. However, distinct spatial 
excitation patterns were observed, making exercise suitable for the training routine.  
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Introduction 

Resistance training is based on various 
exercises that target specific muscle groups to 
induce adaptations in strength and muscular size. 
Each exercise has its own biomechanical 
characteristics that determine the amount of 
mechanical stimuli each muscle group undergoes 
(Coratella, 2022). However, considering the 
possible variations for a given exercise may be 
useful to target the prime movers differently, 
depending on the variation executed. The main 
way to quantify the activity of each muscle group 
during different variations of the same exercise is 
the assessment of the electromyographic (EMG) 
signal, which measures the single muscle 
excitation during a given movement (Vieira and 
Botter, 2021). The literature has therefore described 
how the main prime movers excite during different 

variations of many exercises, such as the bench 
press (Cabral et al., 2022; Coratella et al., 2020b; 
Jaworski et al., 2020; Rawska  et al., 2019; 
Saeterbakken et al., 2021; Stastny et al., 2017; 
Strońska et al., 2018; Tsoukos and Bogdanis, 2023; 
Wojdala et al., 2022), the squat (Clark et al., 2012; 
Coratella et al., 2021; van den Tillaar et al., 2019), 
the deadlift (Andersen et al., 2019; Coratella et al., 
2022a; Martín-Fuentes et al., 2020), the overhead 
press (Błażkiewicz and Hadamus, 2022; Coratella 
et al., 2022b; Stronska et al., 2018), the biceps curl 
(Coratella et al., 2023a, 2023b; Marcolin et al., 2018), 
the rower (Fujita et al., 2020), the lateral raise 
(Coratella et al., 2020a; Reinold et al., 2007), and the 
lat pull-down (LPD) (Andersen et al., 2014; 
Signorile et al., 2002; Sperandei et al., 2009). 
Particularly, the LPD is used to stimulate the upper 
body muscles with a specific focus on the torso, i.e.,  



48  High-density electromyography excitation in front vs. back lat pull-down prime movers 

Journal of Human Kinetics, volume 91, March 2024 http://www.johk.pl 

 
the latissimus dorsi, the trapezius, the pectoralis  
major, the biceps brachii, the triceps brachii and the 
posterior deltoid, although, previous studies have 
not examined them all together, thus resulting in a 
partial view of the potential muscular benefits 
deriving from the incorporation of the LPD in the 
training routine.  

Given the numerous variations possible for 
performing the LPD, previous literature has 
examined the effects of grip distance (Andersen et 
al., 2014) and of the bar trajectory, i.e., in front 
(front-LPD) or behind the head (back-LPD) 
(Signorile et al., 2002; Sperandei et al., 2009). The 
main results are that both the wide and the narrow 
grip induced similar excitation in the latissimus 
dorsi, the middle trapezius and the biceps brachii 
(Andersen et al., 2014). Moreover, the front- and 
the back-LPD differ in terms of muscle excitation, 
with the front-LPD inducing greater excitation in 
the pectoralis major (Sperandei et al., 2009), the 
latissimus dorsi, the triceps brachii and the 
posterior deltoid (Signorile et al., 2002) while the 
back-LPD shows higher excitation for the posterior 
deltoid and the biceps brachii (Sperandei et al., 
2009).  

However, previous results offer only a 
quantitative analysis of muscle excitation. In recent 
years, the advent of high-density EMG has 
provided a deeper understanding of the role each 
muscle has during a single movement (Vieira and 
Botter, 2021). Such a technology allows for a spatial 
localization of the EMG signal by means of the grid 
instead of a single pair of electrodes (Vieira and 
Botter, 2021). This permits to identify to what 
extent fascicles are involved during a given 
movement (Vieira and Botter, 2021), hence going 
through the architectural complexity of most 
muscles. For example, this approach has been used 
for examining different exercises targeting 
hamstrings (Hegyi et al., 2019), or to investigate 
how the pectoralis major fascicles excite during the 
flat vs. the inclined bench press (Cabral et al., 2022).  

When investigating a dynamic resistance 
exercise, the ascending and the descending phase 
often correspond to the concentric and eccentric 
contraction of the prime movers. Given the acute 
(Duchateau and Enoka, 2016), short-term 
(Coratella and Bertinato, 2015) and long-term 
concentric vs. eccentric differences (Coratella et al., 
2022c, 2022d), a separate examination of muscle 
excitation during the two phases is warranted.  
 

 
Therefore, the present study aimed to compare the  
spatial excitation of the primary muscles during 
the front- vs. the back-LPD, separating the 
descending (mostly concentric actions) from the 
ascending phase (mostly eccentric actions). 

Methods 
Participants 

Based on the effect size calculated from the 
comparison of the excitation for the latissimus 
dorsi  in the front- vs. the back-LPD recorded in a 
previous study (Signorile et al., 2002), an a priori 
sample size was determined using G*Power for a 
two-way repeated-measures analysis of variance 
(ANOVA-RM) with α = 0.05, power = 0.95 and ES 
= 2.26, resulting in 12 subjects. To prevent the 
effects of possible dropouts, 14 resistance trained 
male participants (age: 23.93 ± 4.14 yrs; stature: 1.78 
± 0.05 m; body mass: 78.08 ± 6.79 kg) were included. 
All participants had at least three-year experience 
in resistance training. To be included in the current 
study, they had to be free from any 
musculoskeletal injuries in the upper limbs, the 
glenohumeral joint, and the spine in the last six 
months and were asked to abstain from alcohol, 
caffeine, and similar substances in the 24 h 
preceding the test. This project was approved by 
the Ethics Committee of the University of Milan 
(approval code: CE 27/17; approval date: 10 March 
2017) and carried out following the Declaration of 
Helsinki (1964 and updates) for studies involving 
human subjects. After a full explanation of the 
purposes of the study and the experimental 
procedures, participants signed a written informed 
consent form, and they were informed to be free to 
withdraw at any time. 

Design and Procedures 

The present investigation was designed as a 
cross-over, repeated measures, within-subject 
study and was conducted in agreement with 
previously described procedures (Coratella et al., 
2023a, 2023b). Participants were involved in three 
different sessions. In the first session participants 
became familiar with the exercise technique 
defined for the front- and the back-LPD, and we 
identified the best electrodes’ position for each 
muscle. During the second session, the 8-repetition 
maximum (8-RM) (Coratella et al., 2023b) was 
determined for the front- and the back-LPD in 
random order. The third session was initially  
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focused on identifying the maximum voluntary  
isometric excitation of the examined muscles and, 
after at least 10 min of passive recovery, EMG data 
collection was carried out during a non-exhaustive 
set for the front- and the back-LPD technique. The 
load was based on the 8-RM and four repetitions 
were performed to avoid fatigue. A minimum of 
three days separated each session. Participants 
were also instructed to abstain from any additional 
forms of resistance training during the study 
period. 

The front-LPD and the back-LPD were 
performed with a Selection 700 lat pull-down 
[Technogym, Gambettola (FC), Italy]. The 
technique of both exercises is illustrated in Figure 
1. For both the front- and the back-LPD, in the 
starting position the hands were prone, the elbows 
extended, the thighs blocked by the padding to 
keep the pelvis attached to the seat throughout the 
whole movement. The hands distance was 1.5 of 
the inter-acromion distance in both exercises. The 
descending phase consisted of pulling the bar to 
the middle chest passing in front of the head for the 
front-LPD, and to the lowest point of the neck 
behind the head for the back-LPD. The trunk was 
allowed to slightly extend and flex, respectively, 
and an operator visually checked for avoiding any 
enhancement in the trunk movement. In both the 
front- and the back-LPD, participants were 
instructed to adduct the arms on a lateral plane, 
minimizing the arm flexion/extension on the 
sagittal plane. Once completed the descending 
phase, an isometric stop of 0.5 s was given and then 
participants performed the ascending phase, 
ending with the bar in the highest position. As 
such, following the appropriate description of 
resistance exercise technique (Coratella, 2022), a 
full range of movement was achieved, with the 
descending and the ascending phase lasting 2 s 
each as punctuated by a metronome, and with an 
external focus. 

The 8-RM was evaluated using the same 
exercise technique explained previously in 
accordance with established protocols (Coratella et 
al., 2023a, 2023b). Briefly, after performing a 
standardized warm-up involving 3 sets of 15 
repetitions of the LPD with increasing self-selected 
loads, the 8-RM was determined by progressively 
increasing the load until participants were unable 
to complete the descending phase after the 8th 
repetition in accordance with the technique  
 

 
previously described, indicating failure (Kompf  
and Arandjelović, 2016). Each attempt was 
separated by a minimum of three minutes of 
passive recovery, and participants were strongly 
encouraged to perform each trial to their best in 
accordance with standardized instructions. The 
procedure was repeated in the front-LPD and the 
back-LPD in random order. 

The EMG signal was recorded using semi-
disposable high-density electrodes arranged in a 
grid of 13 rows of 5 columns (GR08MM1305 model, 
inter-electrode distance of 8 mm, OT Bioelettronica 
Turin, Italy) while performing the front- and back-
LPD sets. The grids were selected following the 
consensus for the experimental design in 
electromyography instructions (Besomi et al., 
2019). The muscles investigated were the 
latissimus dorsi, the middle trapezius, the 
pectoralis major, the biceps brachii, the triceps 
brachii and the posterior deltoid on the dominant 
side. The grid in the latissimus dorsi, the biceps 
brachii, the triceps brachii and the posterior deltoid 
was placed parallel to the muscle fibers, i.e., 
longitudinally (Barbero et al., 2012). The grid in the 
middle trapezius and the pectoralis major was 
placed perpendicularly to the muscle fibers (Vieira 
and Botter, 2021). The innervation zone was 
avoided for latissimus dorsi, middle trapezius and 
pectoralis major muscles in accordance with the 
Atlas of Muscle Innervation Zones (Barbero et al., 
2012), while the grid size covered the innervation 
zone in biceps brachii, triceps brachii and posterior 
deltoid muscles as in previous studies (Campanini 
et al., 2022; Merletti and Muceli, 2019; Rodriguez-
Falces et al., 2013). For these three muscles, the grid 
was positioned avoiding the cross-talk from 
adjacent muscles (Vieira and Botter, 2021). For the 
latissimus dorsi, the grid was placed 
approximately two fingerbreadths below the lower 
margin of the humerus (Barbero et al., 2012). EMG 
of the middle trapezius was recorded by applying 
the electrode grid on the upper part, 
approximately 1/3 of the distance between the 
spinous process of the seventh cervical vertebrae 
and the acromial angle (Barbero et al., 2012). For 
the pectoralis major, the grid was positioned on the 
sternocostal portion, approximately 2 cm away 
from the lateral margin of the sternum (Barbero et 
al., 2012). For the biceps brachii, the grid was 
positioned on the line between the medial 
acromion and the fossa cubit at the 2/3 cranial  
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portion (Barbero et al., 2012). For the triceps  
brachii, the grid was placed on the muscle belly, 
approximately 1/3 of the distance between the 
acromion and the medial epicondyle of the 
humerus (Barbero et al., 2012). For the posterior 
deltoid, the grid was placed on the upper part, 
approximately 2 cm away from the lateral edge of 
the acromion (Barbero et al., 2012). The cavities of 
the electrode grid were completely filled with 
conductive cream (ac cream, Spes Medica s.r.l. 
Genoa, Italy) to assure proper electrode skin 
contact. Prior to attaching the electrode grid, the 
skin was shaved, abraded and cleaned with 
alcohol. The EMG signal was recorded in 
monopolar configuration at 2048 Hz, amplified, 
and band-pass filtered (20–400 Hz) by an 
electromyographic system (EMG-USB2+, OT 
Bioelettronica Turin, Italy) (Merletti et al., 2001a). 
The reference electrode for monopolar acquisition 
was placed on the wrist.  

Once the participants were equipped with 
grids, the maximum voluntary isometric excitation 
was performed for each muscle examined 
according with the Atlas of Muscle Innervation 
Zones (Barbero et al., 2012). For the latissimus 
dorsi, participants were seated with the arm along 
the torso and the forearm flexed at 90°. From this 
position, they performed an isometric extension of 
the humerus against resistance, associated with a 
depression of the shoulders (Barbero et al., 2012). 
For the trapezius, participants were seated on a 
chair, grabbing the handrests and performing the 
adduction of the shoulder blades (Barbero et al., 
2012). For the pectoralis major, participants were 
standing with one arm abducted at about 30° and 
they performed an isometric adduction of the arm 
against an immovable resistance (Barbero et al., 
2012). For the biceps brachii, participants were 
instructed to flex the elbow with the hand 
supinated against manual resistance, holding the 
body and the arm attached to the torso (Barbero et 
al., 2012). For the triceps brachii, participants were 
standing with one arm close to the body and 
performing an isometric extension of the elbow at 
45° (Barbero et al., 2012). For the posterior deltoid, 
participants were instructed to produce maximal 
force during retropulsion of the arm abducted at 
90° against resistance applied at the elbow level 
(Barbero et al., 2012). Three attempts lasting 5 s 
were performed to determine the individual 
maximum muscle excitation. A recovery of 3 min  
 

 
separated each attempt (Coratella et al., 2023b).  
During each attempt the operators provided 
strong, standardized verbal encouragement to 
ensure maximum effort from participants. After a 
passive recovery of 10 minutes, a non-exhaustive 
set was performed for the front- and the back-LPD, 
in randomized order. The recovery between the 
two series was 3 minutes and the load was the 8-
RM previously established. In these series four 
repetitions were performed, to avoid fatigue and to 
avoid the decay of the execution technique. The 
cadence of 2 s for the descending and ascending 
phases was marked by an operator, making sure 
that there were no accelerations or slowdowns 
during the movement. 

The detection of EMG by electrode grids 
allows to determine the spatial distribution of 
muscle excitation beneath the grid. To characterize 
the spatial distribution, the barycenter in RMS 
values in vertical and horizontal axis (expressed as 
mm along the y-axis and x-axis relative to the grid) 
was calculated and defined as central locus 
activation (Watanabe et al., 2012). The centroid was 
defined as the barycenter (Gallina et al., 2013) of 
the EMG amplitude values along the rows and 
columns of the electrode grids and determined for 
latissimus dorsi, middle trapezius, pectoralis 
major, biceps brachii, triceps brachii, and posterior 
deltoid muscles. 

Surface electromyography (EMG) was 
obtained in monopolar derivation and then 
converted to a digital format at a rate of 2048 Hz 
using a 12-bit analog-to-digital converter with a 
dynamic range of 5 volts. Prior to digitization, 
EMG underwent amplification with a variable 
factor, employing a 20–400-Hz bandwidth 
amplifier (EMG-USB2, OT Bioelettronica, Turin, 
Italy) and a CMRR >100 dB (Merletti et al., 2001). 
EMG signals were characterized in the time 
domain by the RMS. A 1-s interval was analysed 
for the maximum voluntary isometric excitation 
whereas a 250-ms window was used to compute 
the RMS during the ascending and descending 
phases of each exercise. During each exercise, the 
RMS was calculated and averaged on the second 
central of both the ascending and descending 
phases. A digital camera attached to a tripod 
(Iphone 12, 12 MP resolution, 1080 p format, 60 fps, 
Apple, California) was used to synchronize EMG 
with the duration of each phase, which was then 
used to mark the start and the end of each phase  
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while analyzing the EMG signal (Cabral et al.,  
2022). EMG data were averaged after excluding the 
first repetition of each set to ensure consistent 
technique (Marri and Swaminathan, 2016). 
Subsequently, the EMG RMS of each muscle 
during each exercise was normalized to its 
respective maximum voluntary isometric 
excitation, according to the consensus for the 
experimental design in electromyography projects 
(Besomi et al., 2020).  

A color map of muscle excitation was 
obtained upon the RMS of all 64 channels of the 
grid (Figure 2), using the OTBiolab+ software 
(v1.9.5.3, OT Bioelettronica, Turin, Italy). To 
delineate the spatial distribution pattern, the 
centroid of muscle activation was determined. The 
spatial maps were estimated by software 
interpolating the Average Rectified Values (ARV) 
obtained from the EMG amplitudes on the 
different electrodes. The barycenter was estimated 
as the point, along both the electrode grid rows and 
columns, which balanced the ARV values 
weighted by their distance from the barycenter. 
The location of the centroid was defined 
translating the position of each electrode in the 
matrix in x- and y-coordinates, expressed in 
millimetres along the two axes within 250-ms time-
windows. 

Statistical Analysis 

Statistical analysis was carried out using 
SPSS 28.0 software (IBM, Armonk, NY, USA). The 
normality of the data was assessed by conducting 
the Shapiro-Wilk test and all distributions were 
found to be normal. Descriptive statistics were 
reported for a sample size of 14 participants as 
mean (SD). A two-way ANOVA for repeated 
measures was used to calculate the front- vs. the 
back-LPD differences in nRMS and in centroids 
during the ascending and the descending phase for 
each muscle. Multiple comparisons were adjusted 
using Bonferroni's correction, and the mean 
difference with the 95% confidence interval (95% 
CI) was reported. The level of significance was set 
at α < 0.05. The magnitude of interactions and main 
effects were calculated using partial eta squared 
( ηp2) and interpreted as trivial (up to 0.009), small 
(0.010 to 0.059), medium (0.060 to 0.139), and large 
(≥0.140) (Cohen, 1988). Pairwise comparisons were 
reported as the mean with a 95% confidence 
interval with Cohen's d effect size (ES). The effect  
 

 
size was interpreted according to Hopkins'  
recommendations: trivial (0.00–0.19), small (0.20–
0.59), moderate (0.60–1.19), large (1.20–1.99), and 
very large (≥2.00) (Hopkins et al., 2009). 

Results 
The average 8-RM load was 70.0 (11.6) kg for 

the front-LPD and 59.3 (10.5) kg for the back-LPD 
(p < 0.01; ES = 1.01, 0.35 to 1.62). 

Figure 3 shows the nRMS recorded in all 
muscles during the descending and the ascending 
phase of the front- and the back-LPD. An exercise 
x phase interaction was observed for the nRMS in 
latissimus dorsi (F = 14.230, p < 0.001, ηp2 = 0.354), 
pectoralis major (F = 5.253, p = 0.030, ηp2 = 0.168), 
biceps brachii (F = 6.533, p = 0.017, ηp2 = 0.201), and 
posterior deltoid (F = 8.647, p = 0.007, ηp2 = 0.250) 
muscles, while no interaction was observed in the 
middle trapezius (F = 0.018, p = 0.894, ηp2 = 0.001) 
and the triceps brachii (F = 1.825, p = 0.188, ηp2 = 
0.066). During the descending phase, nRMS was 
greater in the front- than the back-LPD in the 
latissimus dorsi (7.21%, 0.91% to 13.52%; ES = 0.97, 
0.32 to 1.60) and the pectoralis major (7.30%, 2.56% 
to 12.04%; ES = 1.17, 0.47 to 1.84), while middle 
trapezius, biceps brachii, posterior deltoid and 
triceps brachii muscles had similar excitation (p > 
0.05). During the ascending phase, nRMS was 
greater in the back- vs. the front-LPD in the 
latissimus dorsi (9.14%, 2.84% to 15.44%, ES = 0.63, 
0.05 to 1.20), while greater in the front-LPD in the 
biceps brachii (9.28%, 0.19% to 18.38%, ES = 0.41, 
−0.14 to 0.95) and the posterior deltoid (10.29%, 
5.98% to 14.59%, ES = 1.77, 0.90 to 2.60). No 
difference was recorded in middle trapezius, 
pectoralis major and triceps brachii muscles. The 
descending phase exhibited greater nRMS 
compared to the ascending phase in all muscles 
during both the front- and the back-LPD (p < 0.05 
for all comparisons). 

Figure 4 displays the average horizontal and 
vertical coordinates of the centroid for each 
individual muscle during the descending and 
ascending phases of both the front- and the back-
LPD. No exercise x phase interaction was observed 
for the horizontal axis in latissimus dorsi (F = 0.540, 
p = 0.469, ηp2 = 0.022), middle trapezius (F = 0.375, 
p = 0.546, ηp2 = 0.015), pectoralis major (F = 0.210, p 
= 0.651, ηp2 = 0.009), biceps brachii (F = 1.143, p = 
0.296, ηp2 = 0.045), triceps brachii (F = 2.667, p = 
0.116, ηp2 = 0.100) and posterior deltoid (F = 0.010, 
p = 0.923, ηp2 = 0.000) muscles.  
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Figure 1. Presentation of the lat pull-down technique. From the left: the starting position, the 

end of the front and the back variation. 
 
 
 
 
 

 
Figure 2. A typical spatial map of muscle excitation for the latissimus dorsi during the back 

lat pull-down. The panel shows three distinct positions, and the corresponding spatial 
excitation is reported below each position. The centroid is represented by “+”. 
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Figure 3. The mean (SD) of the normalized root mean square (nRMS) recorded during the ascending 

and the descending phase of the front (front-LPD) and the back lat pull-down (back-LPD) is shown for each 
muscle. Besides the front vs. back lat pull-down differences, nRMS was greater during the descending than 

the ascending phase in all exercises. 
*: p < 0.05 vs. back-LPD. ⴕ: p < 0.05 vs. the descending phase. 

 

 
Figure 4. Presentation of the spatial muscle activation for the muscles analyzed. The grids are visualized as 
positioned on each muscle. The upward and downward directions indicate a cranial and caudal shift in the 

vertical plane, respectively; the rightward and leftward shifts indicate a lateral and medial shift in the 
horizontal plane, respectively. The front lat pull-down (front-LPD) is represented graphically by filled circles 
(⚫) for the descending and empty circles (🔘) for the ascending phase. The back lat pull-down (back-LPD) is 
represented graphically by filled triangles (▲) for the descending and empty triangles (△) for the ascending 

phase. 
✱y: p < 0.05 comparing the centroid on the vertical y-axis 
✱x: p < 0.05 comparing the centroid on the horizontal x-axis 
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During the descending phase, the centroid 

was more lateral in the front- vs. the back-LPD in 
latissimus dorsi (0.21%, 0.01% to 0.41%; ES = 0.60, 
0.00 to 1.18) and triceps brachii (−0.87%, −1.36% to 
−0.38%, ES = 0.98, −1.52 to −0.28) muscles, while the 
middle trapezius (−0.55%, −1.07% to −0.02%; ES = 
0.58, −1.16 to 0.02) and the biceps brachii (−0.37%, 
−0.68% to −0.06%, ES = 0.63, −1.22 to −0.02) showed 
an opposite behaviour with the centroid placed 
more medially. No lateral difference was observed 
in the centroid in pectoralis major and posterior 
deltoid muscles (p > 0.05). During the ascending 
phase, the centroid was more medial in the middle 
trapezius during the front- vs. the back-LPD 
(−0.77%, −1.29% to −0.24%; ES = 0.85, −1.48 to −0.20), 
with no further differences in latissimus dorsi, 
pectoralis major, biceps brachii, triceps brachii and 
posterior deltoid muscles (p > 0.05). No between-
phase difference was observed in any muscle (p > 
0.05). No exercise x phase interaction was observed 
in the vertical axis for latissimus dorsi (F = 0.876, p 
= 0.359, ηp2 = 0.035), middle trapezius (F = 2.180, p 
= 0.153, ηp2 = 0.083), pectoralis major (F = 0.644, p = 
0.430, ηp2 = 0.026), biceps brachii (F = 1.492, p = 
0.234, ηp2 = 0.059), triceps brachii (F = 0.059, p = 
0.809, ηp2 = 0.002), and posterior deltoid (F = 2.735, 
p = 0.111, ηp2 = 0.102) muscles. The centroid was 
located more cranially in the front- vs. the back-
LPD in the pectoralis major during the descending 
(1.51%, 0.86% to 2.17%; ES = 1.58, 0.74 to 2.40) and 
the ascending phase (1.15%, 0.49% to 1.81%; ES = 
0.88, 0.22 to 1.51), with no further between-exercise 
difference (p > 0.05). The centroid was more caudal 
in the biceps brachii during the descending vs. the 
ascending phase of the front-LPD (−3.05%, −5.76% 
to −0.34%, ES = 0.91, −1.55 to 0.25). No further 
between-phase difference was found (p > 0.05). 

Discussion 
The current study aimed to investigate 

whether different LPD variations would influence 
the excitation of the primary muscles during the 
descending and the ascending phase, using for the 
first time the high-density EMG. The main results 
were that: i) the front-LPD showed greater external 
loads than the back-LPD; ii) during the descending 
phase, latissimus dorsi and pectoralis major 
muscles exhibited higher excitation in the front-
LPD and during the descending phase the 
latissimus dorsi showed greater excitation in the 
back-LPD, while biceps brachii and posterior  
 

deltoid muscles showed higher excitation in the 
front-LPD; iii) in the horizontal plane, the front 
LPD induced a lateral shift in the centroid during 
the descending phase for latissimus dorsi and 
triceps brachii muscles and a medial shift for the 
biceps brachii, while the medial shift was induced 
for the middle trapezius during both phases; iv) on 
the vertical plane, the front-LPD induced a cranial 
shift in the centroid for the pectoralis major during 
both phases. Besides the amplitude of the prime 
movers’ excitation overall favourable in the front-
LPD, the analysis of the centroid offers a deeper 
understanding of both LPD techniques.  

Although the relative external load was 
similar, the absolute external load was overall 
greater when performing the front- than the back-
LPD. This is a preliminary consideration since the 
load itself may affect muscle excitation. The 
biomechanical aspects of a given exercise variation 
may advantage or disadvantage the ability to lift 
greater loads (Coratella et al., 2021), and this 
should be acknowledged when examining the role 
of each prime mover. The present outcomes differ 
from the only previous study that reported the 
external load when comparing the front- vs. the 
back-LPD, which reported no difference in the 
absolute external load used (10-RM) (Signorile et 
al., 2002), while another study used the same 
absolute external load for both variations  
(Sperandei et al., 2009). The difference between the 
previous and the current results could be 
explained by the different resistance training 
experience of participants, since the present 
resistance trained men would have developed a 
greater differentiation between the two techniques 
and the current training routine as previously 
reported (Stronska et al., 2022). The greater 
external load lifted in the front- than the back-LPD 
is indeed quite common in the gym environment. 

The use of high-density EMG allows for a 
larger muscle area to be examined compared to the 
pair of single electrodes (Vieira and Botter, 2021). 
Consequently, comparing the present results with 
the data reported in the literature needs consider 
this crucial aspect, since this is the first study where 
high-density EMG has been used for this purpose. 
Moreover, and in addition to the greater load used 
for the front-LPD as mentioned above, some 
important kinematic considerations should be 
made. First, while sharing the same starting point, 
we speculate that the distance covered by the  
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external load is greater during the front- than the 
back-LPD as required by the technique, leading to  
greater movement velocity for the same tempo. 
The nRMS amplitude is known to be greater when 
faster movements are exerted (Frost et al., 2008), 
thus this should also be considered in the 
comparison. That said, during the descending 
phase, Signorile et al. (2002) found that the front-
LPD exhibited higher muscle excitation in the 
latissimus dorsi, although in the study by 
Sperandei et al. (2009), no such a difference was 
found. Similarly, pectorals major muscle was more 
excited in the front- than in the back-LPD, which is 
in line with Sperandei et al. (2009), yet in contrast 
with Signorile et al. (2002) where no difference was 
found. Both muscles are strong arm adductors in 
the frontal plane, and while the greater 
involvement of the pectoralis major is thought due 
to a more anterior plane of movement, the 
latissimus dorsi may be expected to act more in the 
back-LPD considering the more posterior 
trajectory of the external load found in a previous 
anterior vs. posterior comparison in the overhead 
press exercise (Coratella et al., 2022b). The concerns 
raised above, especially the greater absolute 
external load for the front-LPD, may help explain 
these results. Interestingly, the neural pattern is 
reversed during the ascending phase for the 
latissimus dorsi which is more excited during the 
back-LPD. It is possible that more control is needed 
when starting the movement behind the neck, as it 
is a less comfortable position in terms of individual 
capacity. Middle trapezius muscle plays an 
important role in adducting the scapulae during 
both the front- and the back-LPD, and the lack of 
difference observed here highlights that both 
movements require similar high-level excitation. 
The literature offers no comparison, thus the 
present study provides novel outcomes. As for 
biceps brachii, triceps brachii and posterior deltoid 
muscles, the two variations recruit them similarly 
during the descending phase. However, biceps 
brachii and posterior deltoid muscles are more 
excited in the front- than the back-LPD during the 
ascending phase. Considering the bicep brachii, 
the only previous available data reported no 
difference during the ascending phase, and more 
excitation in the back-LPD during the descending 
phase (Sperandei et al., 2009). Explaining possible 
muscular differences beyond the methodological 
aspects is challenging, thus we prefer avoiding  
 

 
further speculations. Regarding the posterior 
deltoid, the present outcomes are in contrast to 
previous studies showing that during the  
descending phase, the posterior deltoid was more 
excited in the backward (Sperandei et al., 2009) and 
frontward variations (Signorile et al., 2002). On the 
one hand, the posterior deltoid is expected to 
control for the posterior trajectory of the bar, as 
seen when pushing behind the neck (Coratella et 
al., 2022b). Yet, posterior deltoid is more elongated 
when acting frontward, and this results in greater 
excitation (Coratella et al., 2020a). It is possible that 
the second condition prevailed here.  

The major novel outcomes concern the 
spatial excitation within each muscle. The more 
medial placement of the centroid during the front-
LPD may depend on the greater scapular 
adduction required to end the movement in a more 
caudal position, possibly involving more medial 
fascicles. This is accompanied by a small lateral 
shift, visible only during the descending phase, in 
the centroid of the latissimus dorsi. Possibly, the 
inter-play between the scapular and the arm 
adduction may demand a more pronounced action 
of the former during the front-LPD to bring the bar 
to the chest, and vice versa for the back-LPD. 
Moreover, the frontal trajectory of the bar may 
have elongated the fascicle of the latissimus dorsi 
involved in the exercise, resulting in a more lateral 
recruitment.  The pectoralis major had a cranial 
shift of the centroid during the front-LPD. It should 
be noted that the grid was placed on the central 
portion of the pectoralis major, so that the upper 
fascicles may have been more involved in the 
anterior control of the external load, as previously 
shown (Coratella et al., 2020a, 2022b). The biceps 
brachii had its centroid shifted medially in the 
front- compared to the back-LPD. It is possible that 
the frontward variation allows for a greater 
forearm flexion, and the short head of the biceps, 
more medial than the long head, may have been 
slightly more involved. Interestingly, the biceps 
brachii appeared to shift cranially the centroid 
during both the descending and the ascending 
phase, albeit the former was just a trend. Although 
speculative, it is possible that releasing the external 
load from the lowest point may have required 
greater control of the arm than the forearm flexion, 
and this may have involved more the cranial 
fascicles of the biceps brachii. The centroid of the 
triceps brachii was more lateral during the front- 
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LPD. During the back-LPD the arm ends in a more 
extended position in the sagittal plane compared to 
the front-LPD. The long head of the triceps brachii 
is the only head responsible for that between the  
three, and is placed more medially than the single-
joint lateral and medial heads. Thus, its greater 
involvement is possible, making the overall 
centroid more medial. Lastly, no difference in the 
centroid was observed in the posterior deltoid, 
implying that the demands of its actions are 
possibly similar.  

 The main limitation of the present study is 
that the outcomes are referred to the combination 
of the technique as described, the external load and 
the background of the participants. Changing one 
or more of the three may impact the results. 
Consequently, the outcomes should be extended to 
different conditions with caution. In perspective, a 
further investigation might examine the effects of 
the handgrip of the prime movers’ centroid 
placement. 

Conclusions 
In conclusion, the front-LPD exhibited 

overall greater prime movers’ excitation compared 
with the back-LPD, also considering that the 
greater absolute external load and displacement 
may have affected the comparison. However, and 
more importantly, the front- and the back-LPD 
showed unique spatial excitation of the prime 
movers, depending on the unique characteristics of 
each variation. 

 Some practical considerations are needed. 
First of all, a quantitative comparison of the front-  

 
and the back-LPD would suggest that the former  
elicits more muscle excitation matched for relative 
external loads, thus appearing preferable. 
However, a more profound examination possible 
due to high-density EMG reveals that the primary 
muscles involved are stimulated differently. On 
this basis, both exercises should be included in 
practice. A further point regards the extensibility 
of both variations to all populations. As for the 
considerations previously made for the back-
overhead press (Coratella et al., 2022b), the back-
LPD requires greater gleno-humeral joint mobility 
to be performed safely and effectively. Indeed, 
people with poor mobility would be forced to flex 
the neck to let the bar pass backward. Additionally, 
a previous study reported that incorporating 
exercises passing from the “high-five” position 
may result in greater shoulder instability (Kolber et 
al., 2013). However, the same authors 
acknowledged possible confounding results from 
false positive evaluations, thus that the 
relationship may not be so clear (Kolber et al., 
2013). Consequently, rather than excluding a priori 
the backward variation, one may accustom 
individuals to first tolerate and then safely and 
effectively perform such an initially less 
comfortable position. This would lead to a more 
posterior position, possibly decreasing kyphotic 
postures especially in sedentary people. 
Eventually, both the front- and the back-LPD 
should be prescribed to vary the spatial stimuli to 
the prime movers. 
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