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[bookmark: _Hlk62753807]Abstract:
Non-physiological sources may lead to equivocal interpretation on the degree of muscle excitation from electromyograms (EMGs) amplitude.  This presumably explains the contradictory findings regarding the effect of the bench press inclination on the pectoralis major (PM) activation pattern.  To contend with these issues, herein we used high-density surface EMG to investigate whether different PM regions are excited during the flat and 45° inclined bench press exercises.  Single-differential EMGs were collected from 15 regions along the PM cranio-caudal axis, while 8 volunteers performed a set of the flat and 45° inclined bench press at 50% and 70% of 1 repetition maximum.  The coefficient of variation, the range of motion, and the cycle duration were calculated from the barbell vertical position to assess the within-subject consistency across cycles.  The number of channels detecting the largest EMGs amplitude (active channels), their interquartile range and their barycentre coordinate were assessed to characterise the EMG amplitude distribution within PM.  No significant differences in the range of motion (P>0.11), cycle duration (P>0.28), number of active channels (P>0.05) and interquartile range of active channels (P>0.39) were observed between the two bench press inclinations.  Conversely, the barycentre shifted towards the PM clavicular region (P<0.001) when the bench press changed from flat to 45°.  Our results revealed that greatest EMG amplitudes were concentrated at the PM sternocostal and clavicular heads when exercising in the flat and 45° inclined bench press, respectively.  Performing the bench press exercise, with different postures, seem to demand the excitation of different PM regions.
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Introduction
[bookmark: _Hlk51173737]Inhomogeneous excitation of human skeletal muscles has been consistently reported in voluntary contractions.1-5  Compelling evidence indicate that such inhomogeneities could be explained by the excitation of muscle sub-volumes according to differential, functional demands imposed by specific tasks or movement directions.3,6-9  Based on the detection of surface electromyograms (EMGs) from multiple skin regions, with a high-density EMG system10, for instance, Watanabe, Kouzaki, Moritani 11 demonstrated that proximal and distal regions of the bi-articular rectus femoris muscle showed higher EMG amplitude respectively during hip flexion and knee extension contractions, suggesting these regions have distinct functional roles.  Similarly, task-dependent excitation has been reported for pectoralis major (PM) as well.  In fact, a study conducted by Paton, Brown 12 revealed that there is a spatially localised excitation within PM during isometric tasks, depending on the shoulder movement direction.  Of more practical relevance, considering PM is often targeted in strength training programs,13 its regional excitation according to joint movement direction could lead to uneven, training adaptations.  Indeed, should there be a causal relationship between regional excitation and inhomogeneous muscle adaptation, as suggested from the use of techniques other than electromyography,2 high-density surface EMG would be of great potential for identifying muscle regions more prone to develop in response to training.

[bookmark: _Hlk62755644][bookmark: _Hlk62756096]Electrophysiological studies reveal however a dispute for the effect of shoulder movement direction on the regional PM excitation.  On one hand, when comparing the inclined with the flat bench press exercise, some previous studies reported higher EMG amplitude of the PM clavicular head.14-16  Conversely, other studies did not report regional differences in PM excitation when comparing both variants for the bench press exercise.17,18  This lack of consensus could arise from non-physiological sources often disregarded when the conventional bipolar configuration is applied to investigate this issue.19  In particular, the innervation zone (IZ) position and the placement of the bipolar electrodes over non-representative regions of the distinct PM portions are some examples of factors that may lead to potentially equivocal interpretation on the degree of PM muscle excitation from EMG amplitude.  For instance, it was recently demonstrated the IZ location within PM may change by up to 4 cm during the bench press exercise, markedly affecting the amplitude of differential EMGs.20  Therefore, only after controlling for this spurious effect on EMG amplitude would it be possible to associate differences in EMG amplitude distribution to regional differences in PM excitation during the bench press exercise.

[bookmark: _Hlk62814779]In this study we used high-density electrode system to investigate whether the amplitude of surface EMGs is equally distributed on distinct PM muscle regions during the flat and inclined bench press exercises. Considering the exercise intensity is a factor commonly manipulated to induce specific adaptations to resistance training,21 we investigated this issue for two bench press exercise intensities; 50% and 70% of one repetition maximum (RM). Specifically, we placed a linear array of sixteen electrodes transversally to PM fibres and far from IZ location to detect EMGs from multiple PM portions. If distribution of activity within pectoralis major depends on the shoulder movement direction, as previously suggested,12 we would expect to observe different distributions of EMG amplitude across the muscle during inclined and flat bench press exercises. 

Materials and Methods
Participants
[bookmark: _Hlk62814886]Eight males, healthy volunteers (mean ± S.D.: 26.7 ± 4.0 years; 175.6 ± 7.1 cm; 78.9 ± 4.9 kg) were recruited to participate in the study after providing written informed consent.  Being engaged in resistance training exercises (minimum of three times a week) and have at least 1 year of experience in performing both flat and inclined bench press exercises were inclusion criteria.  The absence of muscle skeletal injuries of the upper limbs was also considered as the inclusion criteria.  This study was conducted in accordance with the latest revision of the Declaration of Helsinki and approved by our University Hospital Ethics Committee (HUCFF/ UFRJ - 204/17).

Experimental protocol
For data acquisition, two separate visits were required.  On the first visit, participants were asked to perform one repetition maximum test for two bench press exercise inclinations, flat and inclined at 45o.  For each condition, participants performed three attempts with 5-min rest interval in-between.  The maximum load was considered when the volunteer successfully performed one full repetition, moving the barbell from full elbow extension to their chest and then to full elbow extension again.22  Starting with a self-reported estimation of 1 RM load based on training experience, the load was increased by 2 kg after each successful repetition.  During the test, the barbell centre should be maintained roughly over the middle of sternum and the hand grip location was set at 200% of the biacromial distance.23  Additionally, the participants were instructed to maintain their lower back firmly positioned over the bench during all test (i.e., to avoid a lumbar hyperextension), and to move the barbell exclusively in the vertical direction.  Compliance with this requirement was at discretion of the experimenter.  Considering all participants were experienced with the bench press exercise, all could successfully perform the exercise as requested.  On the second visit, the participants performed two sets for each bench press condition (flat and 45° inclined) with different load intensities.  Specifically, they performed one set of 8 repetitions using a load corresponding to 70% of 1 RM and one set of 15 repetitions with an intensity of 50% of 1 RM.24  Therefore, each participant performed four exercises at random order and with 5 min rest in-between: (i) flat bench press at 50% of 1 RM; (ii) flat bench press at 70% of 1 RM; (iii) inclined bench press at 50% of 1 RM; (iv) inclined bench press at 70% of 1 RM.

EMGs and bench press movement acquisitions
An adhesive array of sixteen, silver-bar electrodes (10 mm inter-electrode distance; Spes Medica, Battipaglia, Italy) was used to sample surface EMGs.  Initially, the proximal and distal PM edges were marked on the skin (Figure 1A) with the aid of ultrasound imaging (10 MHz B mode linear probe with 40mm width, 70% gain and 7 cm depth view; Logiq-e; GE Healthcare, USA).  Thereafter, considering surface EMGs detected nearby the innervation zone unlikely reflect the degree of muscle excitation,25,26 the IZ location was identified from four, cranio-caudal PM regions as described by Mancebo, Cabral, de Souza, de Oliveira, Vieira 20.  The adhesive array of electrodes was then positioned roughly parallel to the sternum, centred ~2 cm medially from the most medial IZ location across the four regions, identified when subjects held the barbell at full elbow extension; for this shoulder position, IZs should be located at the medial extreme of its excursion along the PM fibres.20  The first electrode of the adhesive array was placed as close as possible to the clavicle, aiming to cover most if not all PM fibres (Figure 1A).  Before positioning the array, the skin was shaved and cleaned with abrasive paste.  The electrode-skin contact was ensured with conductive paste (TEN 20 Conductive Paste, Weaver, Aurora, USA) and the reference electrode was positioned at the styloid process of the ulna. 

Surface EMGs were collected in monopolar derivation and digitised at 2048 samples/s using a 12-bit A/D converter (5V dynamic range).  Before digitisation, EMGs were amplified by a variable factor ranging from 1,000 to 2,000 using a 10-900 Hz bandwidth amplifier (CMRR > 100 dB; EMG-USB2, OTBioelettronica, Turin, Italy).

Figure 1

Images of the subjects performing each of the four trials were collected with a digital camera attached on a tripod (Canon EOS 500D, 30 mm focal distance, 15MP resolution, 720p format, 30fps, Canon, Tokyo, Japan).  The camera was positioned 3 meters away from the experimental setup, in front of subjects and with its axis aligned as perpendicular as possible to the plane of barbell movement (Figure 1B). 

Identifying concentric and eccentric phases
First, the barbell vertical position was computed using the open source software Kinovea (version 0.8.15, Joan Charmant & contributors, France).  Individual bench press cycles were identified between consecutive, local maxima in the barbell vertical position.  Eccentric and concentric phases were respectively identified from local maxima to local minima and vice versa (Figure 2A).

Figure 2

[bookmark: _Hlk62815563]The Coefficient of Variation (CoV), the range of motion and the cycle duration were calculated to assess the within-subject consistency across individual bench press cycles, separately for the two exercise conditions (flat and 45° inclined) and load intensities (70% and 50% of 1 RM load).  For the CoV analysis, the individual cycles were superimposed considering the first cycle as a reference.  Then, to ensure an equal number of samples across cycles, the barbell vertical position values obtained in each individual cycle were linearly interpolated.  Finally, the CoV of each value was computed and the median CoV value was considered to assess how similar were the cycles during the task.  The range of motion and cycle duration were averaged across cycles.

Assessing the EMGs spatial distribution across PM
[bookmark: _Hlk62815736][bookmark: _Hlk62816135][bookmark: _Hlk62816236]The spatial distribution of surface EMGs was assessed separately for each exercise phase (eccentric and concentric; Figure 2).  First, raw EMGs were visually inspected to identify bad channels due to power line interference or contact problems.  Low-quality EMGs were rarely observed (40 out of 512 signals; 8 subjects x 16 electrodes x 2 bench press inclinations x 2 sets) and were replaced by the average of the two neighbour channels.  Monopolar EMGs were then bandpass filtered with a fourth-order Butterworth filter (15–350 Hz cut-off frequencies).  After that, monopolar signals were differentiated into 15 single-differential EMGs and their root mean square (RMS) amplitude was computed over 90% of the duration of each eccentric and concentric phases identified during the whole exercise (Figure 2B).  Specifically, the time interval considered to calculate RMS was defined within instants corresponding to 5% and 95% of the phase duration and, thus, the periods including transitions between movement phases were discarded.  Only active channels, defined as channels detecting surface EMGs with RMS amplitude greater than 70% of the maximum amplitude across the linear array of electrodes,27 were retained for further analysis (cf. black circles in Figure 2B).  The 70% amplitude threshold was selected because it has been shown to provide a robust identification of channels located over excited fibres.27  No constraint was applied as per whether these high EMGs should have been detected by contiguous channels, considering there was no reason to suppose the excited fibres should be grouped within a given PM region.  The number of active channels and the interquartile range of active channels were then computed to evaluate the spread of the RMS amplitude distribution.  Additionally, the barycentre of these active channels, defined as the weighted average of their coordinates, was calculated to assess where along the PM cranio-caudal axis EMG amplitude was most strongly represented (Figure 2B).  The number of active channels was normalised with respect to the total number of channels and the barycentre coordinate with respect to the average of length of the sternum, which was defined as the distance between the jugular notch and the xiphoid process.  The average length of the sternum across participants was 19 ± 2.3 cm (mean ± std). 

Statistics
Parametric analysis was considered for inferential statistics, after ensuring the data normality (Shapiro-Wilk test; P>0.06 for all cases) and homoscedasticity (Bartlett’s test; P>0.66 for all cases).  The two-way repeated measures ANOVA was applied (2 bench press inclinations x 2 exercise phases) to compare main and interaction effect on the number of active channels, interquartile range of active channels and barycentre coordinate position.  The paired samples T-test was used to compare the 1 RM load, range of motion and cycle duration between the two bench press inclinations.  Given we were primarily interested in the effect of bench press inclination on variations of surface EMGs spatial distribution within PM, we did not consider the exercise intensity as a factor (i.e., all variables were tested separately for 50% and 70% of 1 RM load).  The Tukey’s post-hoc test was used for paired comparisons whenever main effects were verified.  All analyses were carried out with Statistica (Version 10, StatSoft Inc., Tulsa, USA) and the level of significance was set at 5%.

Results
Consistency across individual bench press cycles
[bookmark: _Hlk62816648]No significant difference in the 1 RM load was observed between the two bench press inclinations (mean ± std; flat: 91.75 ± 16.92 kg; inclined: 78.50 ± 15.55 kg; paired samples T-test; P=0.15).  Results from a single, representative subject indicate a small variation across individual bench press cycles, regardless of the exercise condition (flat and inclined bench press exercises) and load intensity (50% and 70% of 1 RM load) considered.  Close inspection of Figure 3A-B suggests the individual cycles (grey traces) were indeed consistent across tasks and well represented by the averaged cycle (black traces).  The same results were observed when considering all participants; the CoV values across subjects were 18.18 ± 5.3% (mean ± std) for the flat bench press at 70% of 1 RM, 16.30 ± 4.4% for the flat bench press at 50% of 1 RM, 18.78 ± 5.9 for the inclined bench press at 70% of 1 RM and 19.22 ± 4.9 for the inclined bench press at 50% of 1 RM.  Furthermore, considering all participants, no significant differences in the range of motion (Figure 3C; paired samples T-test; P>0.11 for both load intensities) and cycle duration (Figure 3D; paired samples T-test; P>0.28 for both load intensities) were observed between the two bench press inclinations, regardless of the load intensity applied.   

Figure 3

Regional changes in PM excitation during bench press exercises
The effect of the bench press exercise inclination on spatial distribution of EMG amplitude within the PM muscle could be well appreciated from results of a representative participant.  As shown in Figure 4, the EMGs with similarly high amplitude were represented locally during both bench press exercise inclinations, regardless of the movement phase and cycle.  For this participant, the distribution of EMG amplitude was most strongly represented from channels 8 to 13 (Figure 4A) and from channels 1 to 4 (Figure 4B) during the flat and 45° inclined bench press, respectively. 

Figure 4

[bookmark: _Hlk62816418][bookmark: _Hlk62818177][bookmark: _Hlk62818585]Considering all participants performed consistently similarly the bench press exercises (Figure 3), group results were averaged across cycles, separately for each load intensity (50% and 70% of 1 RM load) and exercise phase (eccentric and concentric).  No significant change in number of active channels and interquartile range of active channels were observed across bench press inclinations regardless of the load intensity and exercise phase (Figure 5A-B; two-way repeated measures ANOVA main effect; P>0.05 for all cases).  Conversely, for both load intensities, post-hoc analysis indicated the barycentre significantly moved towards the clavicular PM portion from the flat to the 45° inclined bench press exercise (cf. asterisks in Figure 5C; P<0.001 for all cases).  This shift did not depend on the exercise phase (ANOVA interaction effect; P>0.66 for both cases).  Specifically, the barycentre shift amounted to roughly -32% (-6.1 cm) for the two load intensities, with negative values indicating a cranial shift.

Figure 5

Discussion
[bookmark: _Hlk62814658][bookmark: _Hlk62816510]High-density surface EMGs were detected to investigate whether different PM regions are excited during the flat and 45° inclined bench press exercises.  As discussed below, our key findings revealed that: i) indeed, EMG amplitude values distributed differently along the PM cranio-caudal direction between the two exercise variants; ii) greatest EMG amplitude values were concentrated at the PM sternocostal and clavicular heads when exercising in the flat bench press and 45° inclined bench press, respectively.  These results suggest the bench press exercise, performed with different postures, demand the excitation of different PM regions.

[bookmark: _Hlk72997249]Discrediting the effect of non-physiological sources on EMG amplitude
Three methodological considerations are necessary before interpreting the main results.  First, we did not assess the shoulder joint kinematics directly during the bench press exercises.  Considering the subjects were instructed to perform maximum repetitions for each bench press condition, we acknowledge that changes in the barbell kinematics are expected as the subjects approaches the failure point.28  For instance, previous evidence reported the time to lift the barbell in the bench press exercise at 75% of 1 RM more than doubled from the first to the failure repetition.28  However, Figure 3 and the averaged CoV values across subjects collectively indicate the barbell movement in the frontal plane was highly consistent within subjects.  Most importantly, the duration and the amplitude of movement as assessed from the changes in the barbell position did not change between the flat and 45° inclined bench press exercises (Figure 3C and 3D).  These results indicate the differences in EMG amplitude between conditions were unlikely attributable to differences in the execution of the movement.

A second important remark concerns the alignment of the electrode array in the transverse direction to the PM fibres (Figure 1A).  Inferences on regional variations of muscle activity demands the electrodes placement over skin regions covering different bundles of muscle fibres.10,29  Particularly for the scope of our study, positioning electrodes over the clavicular and sternocostal heads would thus be a requirement to assess the differences in regional PM excitation between the flat and inclined bench press variants.  One possible approach to meet this methodological requirement would be placing two pairs of electrodes, each aligned parallel to the fibres of the two PM heads (e.g. Coratella, Tornatore, Longo, Esposito, Cè 16).  However, this procedure would demand knowing, beforehand, where to specifically position the two pairs of electrodes to sample EMGs exclusively from each of the two PM heads, otherwise it may bias the estimations of muscle excitation.30  By sampling EMGs with an array of electrodes we were able to assess regional variations in EMG amplitude between bench press exercises without the need of labelling electrodes (Figure 1A) according to anatomical conventions set for the PM muscle14,31; the approach we used here was not sensitive to between-subject differences in the boundary separating PM regions which, according to our results (Figure 5), appears to be highly variable between subjects.

Finally, changes in EMG amplitude may be associated with architectural changes within PM.  The relationship between the amplitude of bipolar surface EMGs and the muscle IZ, for example, is well-described in the literature.25,32  When sampled nearby the IZ, the bipolar EMGs may be spuriously small and, therefore, variations in their amplitude could be easily misinterpreted as changes in the level of muscle excitation.25  This issue is aggravated during dynamic investigations, whereby the IZ location shifts in relation to the surface electrodes.5,33  Specifically for the PM muscle, the IZ displacement during the bench press may reach expressive values (up to ~13% of the muscle-tendon unit length; Mancebo, Cabral, de Souza, de Oliveira, Vieira 20).  Here we controlled for the IZ effect by placing the array of electrodes far medially from the most medial IZ location identified across PM for each subject (cf. Methods).  Because of the electrical anisotropy of the muscle tissue,34 any cranio-caudal differences in the inclination of PM fibre in relation to the array between bench press conditions would constitute an additional limiting factor.  In such case, local differences in EMG amplitude would be attributed to local changes in fibre architecture and not just to excitation of distinct PM regions.  In support of this observation, we have recently shown that changes in muscle architecture (e.g., pinnation angle) markedly affect the amplitude of surface EMG even when the degree of muscle excitation is kept constant.35  Although we acknowledge the importance of controlling for architectural changes, we believe this was not an issue in the present study.  The point here is not the difference in fibre inclination across the array but whether flat and 45° inclined bench press exercises would lead to regional differences in the PM fibre orientation.  Being shoulder rotation the main postural difference of interest here, regional differences in PM fibre orientation alongside the sternum, if any, would be expectedly small.  It seems therefore plausible to consider the regional differences in EMG amplitude reported here (Figure 4-5) to arise from regional changes in PM excitation rather than from spurious, non-physiological sources.
 
The PM muscle is unevenly excited during the flat and inclined bench press exercises
[bookmark: _Hlk54598566]Based on the considerations above, the non-uniform excitation of the PM muscle between bench press exercises is the most likely explanation for our results.  During the flat bench press, the barbell movement is predominantly confined in the horizontal plane whereas the 45° bench press requires the barbell to move mainly within an oblique plane, midway between the horizontal and frontal, anatomical planes.  In agreement with previous studies, showing a dependence of regional PM excitation on force direction in isometric contractions,12,30 we therefore hypothesised different distributions of EMG amplitude across the PM muscle would be observed during these exercises.  Indeed, although the size of PM region with highest EMG amplitude was roughly the same for both bench press inclinations (Figures 5A-B), the location of this region significantly changed between inclinations (Figure 5C).  Specifically, our results collectively indicate that: a) there was a localised excitation of PM (~35% of the total number of channels; active channels interquartile range of ~4; cf. Figure 5A-B), regardless of the bench inclination; b) during the flat bench press, the PM excitation was mainly located over the sternocostal region (at ~60% of the sternum length; 0% is the jugular notch; Figure 5C); c) during the inclined bench press at 45o, excitation took place predominantly at the PM clavicular portion (at ~20% of the sternum length; Figure 5C).  These differences in PM excitation, whereby performing shoulder movements in distinct planes demand predominant excitation of different PM regions, corroborate results observed in isometric contractions.12,30  Moreover, the uneven distribution of excitation with changes in force/movement direction has been demonstrated for different muscles and conditions.5,8,36  As anticipated, the lack of control for the effect of spurious sources on the EMG amplitude would therefore appear to be the most likely reason for the contrasting results14,15,17,18 on the regional differences in PM excitation for different press exercises inclinations.

Mechanical and physiological requirements underpinning the regional difference in PM excitation.  
The PM is described as a multi-segmented muscle divided into two main heads, which converges into a single insertion at the humerus bone.37  This fan-shaped arrangement of PM fibres would result in distinct lines of action at the glenohumeral joint37 and, then, the excitation of fibres located in distinct PM segments would result in force vectors oriented in different directions.  Considering the 45o inclined bench press loads shoulder horizontal adduction muscles in addition to shoulder flexion muscles, a more expressive contribution of the clavicular region would be arguably expected in the 45° than in the flat bench press exercise.  This possibly explains why the EMG amplitude is more strongly represented in this region (cf. Figure 5C).  Furthermore, the possibility of a regionalised excitation within the PM muscle presumes a specific neuromuscular organisation. As reported for other muscles,29,38 our results suggest that PM motor units have fibres localised predominantly in the muscle clavicular and sternocostal regions, otherwise the excitation of single motor neurones would result in excitation of both PM regions.  Recent evidence reports indeed the clavicular and lower half of sternocostal heads are supplied by distinct branches of the pectoral nerve39, supporting the possibility that PM motor units are spatially localised.  In accordance with what was previously suggested by Paton, Brown 12, our current results are therefore in agreement with the idea that the nervous system could finely active these PM motor units to enhance the contribution of the muscle to efficiently control shoulder movements.

Perspective
Inferences from activation pattern of PM muscle may be of practical interest to sport scientists and physiotherapists.  Considering at least a single set, our results suggest that variations of the bench press inclination induce a differential excitation along the PM muscle.  Therefore, performing the flat and inclined bench press, for instance, may have a beneficial effect on training programs where the goal is to respectively stimulate the selective excitation of the sternocostal or the clavicular PM region.  From a research perspective, these findings open new fronts for the study of PM uneven responses to exercises, which has been suggested to manifest in other muscles.2,40  From a methodological perspective, our results suggest surface electrodes should be placed at 20% and 60% of the sternum length if intent is to detect predominant muscle excitation of the PM clavicular and sternocostal regions, respectively (Figure 5C).  Finally, the practical considerations raised here presume a direct association between degree of muscle excitation, as inferred from surface EMG, and muscle adaptation.  Future, longitudinal studies are therefore warranted to investigate the relationship between regional excitation and the effects of resistance exercises on PM chronic adaptations (e.g. hypertrophy).
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Figure’s caption
Figure 1: A, shows a schematic representation of where the linear array of 16 surface electrodes was positioned in the pectoralis major muscle.  The linear array was placed transversally to PM fibres and far from innervation zone (IZ) location.  B, shows the field of the view of the camera positioned 3 meters away from the experimental setup.

Figure 2: A, shows how the individual bench press cycles were identified using the barbell vertical position.  B, shows the epochs of raw, surface EMGs obtained for each exercise phase displayed in the panel A.  The root mean square (RMS) amplitude computed from these EMGs is shown on the right side of each channel. These RMS values were calculated over 90% of the phase duration and normalised with respect to the maximum RMS amplitude across the electrodes.  The black circles denote active channels (i.e., channels providing RMS amplitudes greater than 70% of the maximum) and the barycentre coordinate of these channels is indicated with dashed, black lines.

Figure 3: Grey traces and black traces indicate, respectively, the individual and averaged cycles of a representative participant for the flat (A) and 45o inclined bench press (B) exercises.  Coefficient of Variation (CoV) and averaged cycle duration are reported on the top and bottom part of each graph, respectively.  Mean (circles) and standard deviation (whiskers; N = 8 subjects) are shown for the range of motion (C) and cycle duration (D), separately for each load intensity and bench press exercise inclination.

Figure 4: Results from a single, representative participant for the flat (A) and 45o inclined bench press (B) exercises.  Each panel shows the barbell vertical position used to segment the eccentric and concentric phases (top) and single-differential EMGs obtained for each phase (bottom).  Black EMGs indicate the active channels, which were defined as channels providing RMS amplitudes greater than 70% of the maximum RMS amplitude across the electrodes.  The dashed, black lines denote the barycentre location of these channels.

Figure 5: Mean (circles) and standard deviation (whiskers; N = 8 subjects) are shown for the number of active channels (A), interquartile range of active channels (B) and barycentre longitudinal coordinate (c) within the liner array, separately for load intensity, exercise phase and bench press inclination.  Asterisk denotes statistical significance (P<0.05).
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