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ABSTRACT 
 
Reiser FC, Bonuzzi GMG, Lira JLO, Bonfim BMA, Durante BG, 
Santos Filho SJA, Cardoso JMD, Soares MAA, Miotto H, 
Tavares LD. Manual Resistance as a Tool to Increase Muscle 
Activity and Time under Tension in Strength Exercises. JEPonline 
2018;21(2):139-149. The purpose of this study was to investigate the 
muscle activity of Dumbbell Fly with and without Manual Resistance 
(MR) in isometric conditions of shoulder flexor muscles: (a) anterior 
deltoid (AD); (b) pectoralis major clavicular fibers (PMC); and (c) 
sternocostal fibers (PMS) muscles. Twenty health well trained men 
volunteered for the study (age: 27.2 ± 6.6 yrs; stature: 1.83 ± 0.08 m; 
mass: 87.9 ± 9.2 kg; with 6.4 ± 3.2 yrs of lifting experience). Muscle 
activation of the AD, PMC and PMS was higher on Dumbbell Fly 
(DF) plus MR (DFMR) in all conditions compared with the Dumbbell 
Fly without MR (DFW). The AD demonstrated an increase of muscle 
activation in the Incline plane when compared with Horizontal, while 
the PMS showed an inverted pattern. The changes in planes did not 
promote a change in PMS activation. The manual resistance 
potentialized muscle activation of shoulder flexors when compared 
with only the dumbbell. 
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INTRODUCTION 
 
Coaches and rehabilitation professionals promote changes in exercises to modify muscle 
recruitment and induce different neuromuscular adaptations along with strength training 
periodization (1-9,22-34,37), degrees-of-freedom such as Smith machines in comparison to 
barbell weight (29,34). In fact, muscle activity and postural stability modifications seem to be 
an effective strategy to provide different muscle long-term adaptations (6,17,23,26,28-30,33-
35,37). In this sense, these different conditions are created by several varieties of surface or 
different load types. In the first one, the use of gym balls, boards, and balance cones 
diminishes overall force production while maintaining similar levels of muscle activity. The 
strategy is to challenge proprioception and overall stability that are fundamental to sports 
goals (3,7,27,29,31,32).  
 
On the other hand, the management of different load settings (e.g., unstable barbells, 
dumbbells, free-cable machines, kettlebells, elastics cords, and chains put on barbells) 
creates another environment. The muscular requirements are modified, thus affecting power 
production with implications for sports and/or other performance activities (1,6,16,19,20,26, 
27,28-30), by augmenting the force or even creating a similar attempt at reproducing playing 
conditions. These devices can also use to create an environment that is useful for 
rehabilitation purposes (2,3). In this sense, an issue to be considered in the strategies of load 
management, given the fact that the traditional free weight exercises have a constant load 
characteristic, which induces a production of force along the range of movement that is not 
equal due to the lever arm that can act by the joint angle position (14,15,18,24).  
 
To overcome this situation coaches and rehabilitation professionals have used isokinetic and 
variable resistance exercise machines to break up the constant load characteristic of free 
weights with the purpose of addressing a single muscle or a group of muscles throughout a 
complete joint range of motion (18,24). However, it is well-known that the machines are 
expensive, being exclusive in general to academic or elite physical training programs. 
Concerning the Manual Resistance (MR) incorporated in strength programs, some 
investigations have highlighted its application. For example, Dombroski and Henderson (13) 
demonstrated that after a protocol of 14 wks using soldiers as subject, the MR training was 
superior when compared to calisthenics in parameters assessed by a medicine ball throw, 
grip dynamometer strength, and maximal pushups performed in 120 sec.  
 
Recently, Dorgo et al. (14) investigated two groups of subjects separated by an MR training 
protocol or a Weight Resistance Training (WRT) program after 14 wks. Their results showed 
that both groups improved force production in the squat and the bench press exercises. 
Other studies have reported positive improvements on general force production results in 
adolescents and in the elderly population after the application of the MR protocol (15,36). 
However, despite the studies that have reported an interesting applicability of MR methods, 
the mechanisms that are related to MR that provide the beneficial effects remain unclear. To 
our knowledge, no study has quantified the MR applied in a traditional strength training 
exercise. Hence, the purpose of this study was to investigate the muscle activity of Dumbbell 
Fly with and without MR in different angles and planes on isometric conditions. 
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METHODS 
  
Subjects 
Twenty health well-trained men volunteered for the study (age, 27.2 ± 6.6 yrs; stature, 1.83 ± 
0.08 m; mass, 87.9 ± 9.2 kg; with 6.4 ± 3.2 yrs of lifting experience; total dumbbell load of 
36.4 ± 4.2 kg for both angles, based on the familiarization sessions testing loads). All the 
subjects reported no injury on the upper limbs in the last 6 months. The study was approved 
by the University Ethics committee (415.333), and all subjects were asked to read and sign 
an informed consent about the tests. Also, the subjects were asked to avoid performing any 
upper body exercise other than activities of daily living for at least 48 hrs before testing. 
 
Procedures 
 
Before data collection, the subjects were asked to identify their preferred arm for writing, 
which was then considered their dominant arm. All subjects were right-arm dominant. The 
subjects attended for 4 sessions in the laboratory, with the 1st meeting and the 3rd used for 
familiarization with loads, the range of motion, bench inclination, Maximal Voluntary 
Contraction (MVC) tests, and MR, and in the 4th session for experimental design. All subjects 
performed a dynamic warm-up in DF exercise with 2 sets of 15 repetitions each, using a 6 kg 
dumbbell in both hands with a 2-min rest interval. All four sessions were preceded by a 
warm-up.  
 
Experimental Protocol 
 
The subjects performed the DF exercise with the load in both hands on two different bench 
angles: (a) a horizontal position of 0º (DH); and (b) a 30º inclination (DI). They were tested at 
isometric angles of shoulder horizontal flexion at 90º, 60º, and 30º of abduction, respectively 
(Figure 1). A “0 angle” was considered when the dumbbell sets were perpendicular with the 
floor with the shoulder joint-angle positions evaluated by a goniometer (CARCI®). The 
conditions of only DF Without manual resistance (DFW) and DF plus Manual Resistance 
(DFMR) tests were randomly assigned. The subjects’ tested condition DFMR with an external 
force applied on the wrists level was performed by a strength training coach that used this 
technique with athletes.  
 
The EMG was captured during 6 sec of every isometric condition separately with a 3-min 
interval rest between each angle tested with or without manual resistance. A 3-sec window 
(i.e., between 2 to 5 sec) was used to evaluate muscle activation. 
 



  
 

142

 
Figure 1. Angles Analyzed in the Present Study. From the Left to the Right: 90º, 60º, 
and 30º Angles.  
 
Electrodes Placement 
All electrodes were fixed on the right side of the subject’s shoulder muscles. The skin was 
prepared by shaving the subject and cleaning with soap before attachment of the electrode. 
Two electrodes Ag/AgCl with a 20-mm inter-electrode distance (Miotrace® 100) were placed 
midline of the Anterior Deltoid (AD): 4.0 cm below the clavicle, parallel to the muscle fibers at 
an oblique angle to the arm, the Pectoralis Major Clavicular fibers (PMC): 2.0 cm below the 
anterior border of clavicle along the longitudinal axis that crosses the middle point of the 
clavicle, and the Pectoralis Major Sternocostal head (PMS): 2.0 cm medial from the axillary 
fold, parallel to the muscle fibers via a marginal oblique angle with a reference electrode 
placed close to the right clavicle.  
 
Following previous work recommendation (5,8,10,12,28,30,38), a raw EMG signal was 
recorded with a four-channel electromyography Miotool400® (Miotec, Biomedical Equipment, 
Porto Alegre/Brazil). Sampling was at 1 Hz, amplified 2,000 times at a fixed gain of 100 with a 
maximum intraelectrode impedance of 1010 Ohm, using a differential amplification of 
Common Mode Rejection at 110 dB, with a 14-bit resolution. All signals were filtered at 60 Hz 
for notchfilter and harmonics, a High-Pass of 20 Hz and a Low-Pass of 400 Hz cut-off 
frequency, with a fourth-order Butterworth filter. Surface electromyography amplitude in the 
time domain was quantified using the Root Mean Square at a 200-ms window.  
 
MVC determine the normalization of the EMG signal during exercises conditions using the 
previous recommendations for muscle testing (21,30,35). Miography Software Package ® 
(Miotec, Biomedical Equipment, Porto Alegre/Brazil) ran all the signal processing. For the AD, 
the measurement position required the subject to sit and flex the shoulder into a 90º angle 
without rotation or horizontal movement while the elbow was extended. A manual resistance 
was applied over the humerus distal position just above the elbow joint. For the PMS, the 
subject was lying in a supine position with the shoulder at 130º-angle abduction with the 
elbows flexed, and then the subject was asked to move diagonally down in the contralateral 
direction. A manual resistance was applied over the wrist in the opposite direction. For the 
PMC, the subject was lying in a supine position with the shoulder at 60º-angle abduction with 
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the elbows flexed, and then the subject was asked to move diagonally up in the contralateral 
direction. A manual resistance was applied over the humerus around the forearm just 
proximal to the wrist. After the warm-up, the subjects were asked to make an MVC 
augmenting the force to reach a maximum effort that was held for 10 sec before slowly 
reducing strength, in the positions previously described. This procedure was repeated three 
times for each muscle within a 90-sec rest interval between sets, and the mean value of the 
three MVC was used for following exercise comparison. Reliability of MVC was calculated by 
Intraclass Correlation Coefficient (ICC) between 0.83 and 0.91 for the muscles analyzed. 
 
Statistical Analysis  
 
All results are presented as means ± SD. A multiple analysis of variance 3 angles x 2 plans x 
2 resistances was used to assess differences in the activity of each muscle measured during 
the exercises. Individual one-way analysis of variance was used to determine differences 
between only plans and angles with and without manual resistance with Tukey HSD post hoc 
correction employed in the case of statistically significant differences. Statistical analysis was 
made with SPSS version 22.0 with significance set at P≤0.05. 
 
RESULTS 
 
Dumbbell Only (DFW) vs. Dumbbell Plus Manual Resistance Applied (DFMR) 
The EMG activity of each muscle was expressed as mean ± SD bars on Figures 2 to 4, 
showing a descriptive analysis of RMS (MVC) values for each muscle and condition. All 
muscles demonstrated an increase of muscle activity with significant differences in favor of 
DFMR X DFW for angles and plan analyzed: (a) AD: Anterior Deltoid (F(1,228) =915.3; 
P<0.001; p

2=0.80); (b) PMC: Pectoralis Major Clavicular fibers (F(1,228) =349.3; P<0.001; 
p

2=0.60); and (c) PMS: Pectoralis Major – Sternal head (F(1,228) =409.5; P<0.001; p
2=0.68). 

Significant interactions between Resistance X Plan X Angles for AD (F(2,228) =4.50; P=0.012; 
p

2=0.038) and PMS (F(2,228) =8.17; P<0.001; p
2=0.073) were found, but not for PMC (F(2,228) 

=0.168; P=0.845; p
2=0.001).  

 
Figure 2 (Left to Right). Anterior Deltoid (AD) Muscle Activity Expressed in RMS (MVC) Means ± SD Bars 
(colors – grey: dumbbell fly without manual resistance; black: dumbbell fly with manual resistance). Figure 3. 
Pectoralis Major – Clavicular Fibers (PMC) Muscle Activity Expressed in RMS (MVC) Means ± SD Bars 
(colors – grey: dumbbell fly without manual resistance; black: dumbbell fly with manual resistance). Figure 4. 
Pectoralis Major – Sternal Fibers (PMS) Muscle Activity Expressed in RMS (MVC) Means ± SD Bars Bars 
(colors – grey: dumbbell fly without manual resistance; black: dumbbell fly with manual resistance). 
 



  
 

144

Incline x Horizontal Plan 
Individual plan for DFW analysis demonstrated a significant difference for AD (F(1,114) =67.3; 
P<0.001; p

2=0.371). The incline plan elicited a greater muscle activation than the horizontal 
plan (P<0.001). An inverse pattern was observed in the PMS (F(1,114) =11.29; P=0.001; 
p

2=0.09) with more muscle activation in the horizontal plan compared to the incline plan 
(P<0.001). No significant differences were found for the PMC (F(1,114) =2.5; P=0.12; p

2=0.02) 
activity. Individual plan for DFMR condition analysis demonstrated a significant difference for 
AD (F(1,114) =17.65; P<0.001; p

2=0.134). The incline plan elicits greater muscle activation 
than the horizontal plan (P<0.001). An inverse pattern was observed in PMC (F(1,114) =4.81; P 
=0.03; p

2= 0.041) activity and PMS (F(1,114) =27.35; P<0.001; p
2=0.2), with more muscle 

activation in horizontal plan compared to the incline plan, respectively (P=0.03 and P<0.001).  
 
Range of Motion 
Horizontal condition DFW analysis showed that no significant differences were found for AD 
between all angles (F(2,57) =2.32; P=0.10). However, significant differences were found for 
PMC (F(2,57) =36.77; P<0,001; p

2=0.56) with muscle activity at 90º (P<0.001) greater than 60º 
and 30º, followed by 60º (P<0.001) greater than 30º. And significant differences were found 
for PMS (F(2,57) =76.6; P<0.001; p

2=0.73), with greater muscle activity in 90º (P<0.001) 
compared with 60º and 30º, but no differences between 60º and 30º (P=0.085). For the 
incline DFW, differences were found for AD between angles (F(2,57) =12.24; P<0.001; 
p

2=0.30), with muscle activity in 90º (P<0.001) greater than 60º and 30º, but not between 60º 
and 30º (P=0.785). Significant differences were found for PMC (F(2,57) =4.35; P=0.017; 
p

2=0.13) with muscle activity at 90º (P=0.013) greater than 30º but not between 60º 
(P=0.380), with no differences between 60º and 30º (P=0.250).  
 
Significant differences were found for PMS (F(2,57) =31.3; P<0.001; p

2=0.52) with greater 
muscle activity at 90º (P<0.001) compared with 60º and 30º, but no differences between 60º 
and 30º (P=0.768). For the DFMR condition in the horizontal plan, significant differences 
were found in the AD between all angles (F(2,57) =6.65; P=0.003; p

2=0.189), with muscle 
activity in 30º greater than 60º (P=0.02) and 90º (P=0.05), with no differences between 60º 
and 90º (P=0.459). Significant differences were found for PMC (F(2,57) =8.10; P=0.001; 
p

2=0.22); with muscle activity in 90º (P=0.001) greater than 30º but not greater than 60º 
(P=0.07), and no differences were found between 60º and 30º (P=0.189). For PMS (F(2,57) 

=33.1; P<0.001; p
2=0.53), there was greater muscle activity in 90º and 60º greater than 30 

(P<0.001), but no differences between 90º and 60º (P=0.341). For DFMR in the incline plan 
only significant differences were found on the PMS (F(2,57) = 7.83; P=0.01; p

2=0.21), with 
greater muscle activity in 90º compared with 60º (P=0.001) and 30º (P=0.041), but no 
differences between 60º and 30º (P=0.339). No significant differences were found for AD 
(P=0.451) and for PMC (P=0.223) between all angles in the incline condition. 
 
DISCUSSION 
 
The purpose of this study was to investigate the muscular activation levels of the Anterior 
Deltoid and the two heads of the Pectoralis Major (Sternal and Clavicular) while performing 
an isometric Dumbbell Fly (Dumbbell only: DFW or dumbbell plus manual resistance applied: 
DFMR). This study used two different angles of bench inclination, with three distinct angles of 
shoulder horizontal adduction for analysis. The most notable finding was the difference in 
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favor of DFMR vs. DFW for all conditions analyzed. Despite a frequently nonlinear relation 
between force and the electromyography signal, this increase of muscle activation may be 
due to the augmented recruitment of motor units, the firing rate of motor units, or even a 
combination of these two factors (12).  
 
Although the findings indicate a relationship with the horizontal plane and a recruitment of the 
sternal portion of the Pectoralis Major, it shows a relationship between the inclination and a 
greater recruitment of the AD. In fact, the AD is a stronger glenohumeral abductor than a 
horizontal adductor while PMS works better as a glenohumeral horizontal adductor than 
abductor. This result is highly reproducible in the literature. da Silva et al. (11) observed an 
increased activation of the PMC muscle, especially in the eccentric phase of the movement of 
the Dumbbell Bench Press (BP), when compared to PMS. This result may be related to the 
stabilization of the glenohumeral joint, given that the PMC fibers are perpendicular to the 
humeral head. Thus, it is likely the PMC also work as a secondary shoulder stabilizer due to 
its resultant force.  
 
Barnett et al. (2) assessed the AD, PMS, and PMC during BP repetitions on several planes. 
They found no differences for the PMC between the horizontal position and the incline 
position. The PMS muscle activity was higher on flat versus slope conditions, while the AD 
followed an inverse pattern to the PMS between the same circumstances. This finding is 
corroborated by other studies for AD and PMS with some controversial results for PMC (22, 
37). Recently, Lauver et al. (23) found an increase in activity of the PMC during incline planes 
(30° and 45°) for a quarter part of the concentric phase (25 to 50% of the movement cycle vs. 
other changing conditions, i.e., 0 and -15°).  
 
Other studies from Reiser et al. (28,30) and Saeterbakken et al. (33) found no significant 
differences between incline and flat conditions for the Pectoralis Major muscles during DF 
and BP exercises. The present study partially agrees with the earlier findings for PMC both, 
but not for the PMS portion. Several reasons may explain the conflicting results, such as the 
subjects’ weight training experience, weight loads, and bench inclinations.  
 
The findings in the present study support the notion that the AD muscle increases its 
activation with plane modification; whereas, the PMS is more active on horizontal conditions, 
and the PMC’s activity remains constant regarding the bench slope because the fibers have a 
stabilization function as well. It is important to point out that a major finding of this study is the 
maintained muscle activation during the range of motion analyzed via DFMR vs. DFW. 
Despite significant differences, the muscle activation of the AD and the PMC during all angles 
and planes was higher than 100% of MVC, and for the PMS it was greater than 80% of MVC 
for the DFMR condition. When manual resistance was applied together with the dumbbell 
load, a consistent increase in muscle activity was displayed. In consonance with this 
perspective, analyzing the range of motion and the differences of muscular recruitment 
between DFMR and DFW, it was verified that the MR induced an extra demand of torque to 
perform the movement.  
 
This study identified in the inclined condition with DFMR that there was an equal recruitment 
of the AD (which is the primary muscle in this state) during all range of motion that does not 
happen in the DFW condition. This finding leads us to believe that the MR may be the 
recourse to ensuring a superior and longer muscular activation during the performance of 
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traditional free weight exercises. In this sense, some studies have not verified differences 
between the partial or full range of motion of execution of the BP for force and power 
development (9,26). Thus, the fact that there is a constant load applied in the traditional BP 
that induces the equality between both methods, maybe MR increases the effects of a full 
range of movement. Future investigations of MR in isotonic contractions to assess the 
chronic effects of this training may be a good direction to explore.  
 
To our understanding, this is the first study to evaluate the effects of MR on the 
electromyography of a traditional strength exercise. Other investigations have examined 
Maximal Voluntary Contractions (38) and/or plus the body weight resistance (39). Our data 
suggest that MR is a possible mechanism of accommodating resistance that breaks the 
constant load, which is a general characteristic of free weights. Hence, it is reasonable to 
expect that exercise physiologists and strength training coaches may use this strategy to 
increase the athlete’s performance with lower costs (14,15,18,36).  
 
CONCLUSIONS 
 
The use of manual resistance during strength training may benefit individuals who are 
responsible for optimizing time under tension during the athlete’s training session. Lever arms 
may be lower when the weight load is more perpendicular to the joint axis, thus diminishing 
torque production. The application manual resistance at this point may benefit athletes in 
reaching their maximal muscle effort. It is also likely that these basic principles of training are 
applicable to individuals who are undergoing rehabilitation of their musculoskeletal system. 
 
 
 
 
Address for correspondence: Fernando Carvalheiro Reiser, University of São Paulo, 
School of Arts, Sciences and Humanities, São Paulo, SP, Brazil, 03828-000, Brazil, Phone: 
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