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A B S T RAC T
BACKGROUND: Elbow extension exercises in different shoulder positions are selected to raise distinct effort levels among the triceps
brachii heads. Because there are several triceps exercises, its choice is a big challenge on resistance training prescription. The present study
aimed to compare the electromyographic signal of triceps brachii long and lateral heads among three different elbow ranges of motion (ROM)
during two commonly prescribed elbow extension exercises: overhead dumbbell elbow extension (OD) and lying dumbbell elbow extension
(LD).
METHODS: The long and lateral heads electromyographic signals were acquired from 21 resistance-trained men. One to two maximal repetitions of each exercise was performed with a 40% load of a maximal voluntary isometric contraction test. The signals of concentric and eccentric
phases were divided into three equal ROMs each (initial, middle, and final).
RESULTS: Eccentric phase elicited less muscular activity than concentric in both exercises. Concentric contraction presented the same pattern
during OD (long and lateral heads) and LD (lateral head). Initial and middle intervals elicited higher muscle activity than final interval. This
behavior was also present in the eccentric contraction (initial demanded less activity than middle and final during both exercises).
CONCLUSIONS: Since both exercises presented similar activation patterns, the prescription of OD and LD on the same training routine should
be avoided.
(Cite this article as: Alves D, Matta T, Oliveira L. Effect of shoulder position on triceps brachii heads activity in dumbbell elbow extension exercises.
J Sports Med Phys Fitness 2018;58:1247-52. DOI: 10.23736/S0022-4707.17.06849-9)
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R

esistance training is one of the most effective
methods to increase muscle strength and volume.
However, to achieve and optimize training objectives,
strength coaches must consider many factors such as
intensity, volume, and exercise selection.1 Because the
exercise selection plays an important role on training
results,2-4 it should be made taking also into account the
mechanical characteristics such as resistance type,5 machine features,6 movement velocity,7 instability conditions,8 kinetic chain,9 range of motion (ROM),2, 10 and
postural variations.2, 11-13 Postural variation is an easy
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way to elicit different muscle activation patterns, and
consequently emphasize different muscle regions.2, 11-13
Muscle activity during different exercises (distinct
postures) is already reported for some exercises and
muscles.14, 15 Oliveira et al.,2 using surface electromyography (sEMG), reported different patterns of biceps
brachii activity in three common elbow flexors dumbbell exercises. In addition, the authors described distinct
patterns of muscle activity among three different ROMs
of concentric and eccentric phases of each exercise.
The authors suggest that different shoulder positions in
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each exercise lead to distinct muscle lengths, explaining
muscle activity variations.
As well as biceps brachii, the biarticular triceps long
head length is affected by elbow and shoulder positions,
whereas the other uniarticular heads (short and lateral)
only by elbow angle,16 with direct implications in the
force-length characteristic of each head or torque-angle
relationship of elbow extension. In practice, different
elbow extension exercises (distinct shoulder positions)
are selected to raise different effort levels among the
triceps brachii heads. To our knowledge, triceps brachii
activity characterization during different ROMs of the
elbow extension exercise has not yet been reported in
the literature, despite its importance in daily activities
and in many sports gestures (e.g. tennis and volleyball serve, boxing punch, baseball pitch) that require a
strong elbow extension.
Therefore, the aim of the present study was to compare the sEMG of triceps brachii long and lateral heads
among three different elbow ROMs during two commonly prescribed elbow extension exercises: overhead
dumbbell elbow extension (OD) and lying dumbbell elbow extension (LD). Considering the changes in load
moment arm and muscle torque-angle relationship, we
tested the hypotheses that different shoulder positions
(exercises), contraction phases (concentric and eccentric), and ROMs could influence the triceps brachii long
and lateral heads activity. It is plausible that the elbow
extension with the shoulder more flexed, as in OD,
should require more effort of long head (biarticular)
than the less flexed shoulder position, as in LD. On the
other hand, this variation is not expected for the lateral
head, because it is a uniarticular muscle.

of Helsinki and were approved by the Research Ethics
Committee of Clementino Fraga Filho University Hospital (44100215.6.0000.5257).
The participants executed one repetition (concentriceccentric) of each exercise (OD and LD) using a 40%
load of a 6-second maximal voluntary isometric contraction test (MVIC).2 The 40% MVIC load was chosen, since it allowed the participants to perform no more
than one or two slow speed repetitions of dumbbell
elbow extension, i.e. similar to one or two repetition
maximum. In practical situations, the load is set in accordance with the exercise; however, the use of a fixed
load was required to compare the neuromuscular activity among the two protocols. Dumbbell elbow extension
exercises (OD and LD) were randomly executed (twominute interval among exercises) after a three-minute
rest period following the MVIC trial. The body position
during the trials were:
—— MVIC: seated position with the right arm leaning
against the chair’s backrest, the elbow at 90° and forearm at neutral position;
—— OD: seated position and right shoulder flexed at
180°;
—— LD: lying on supine position and right shoulder
flexed at 90° (Figure 1).
The participants were instructed to perform the
movements through the full elbow ROM and to avoid
compensatory movements. The sEMG signal of triceps
brachii long and lateral heads was acquired in all trials.
Single differential sEMG (gain: 1000, common mode
rejection ratio 106 dB, and bandwidth of 10-500 Hz)
and elbow joint angle were synchronously sampled at

Materials and methods
Based on a sample size estimation of 20 subjects
needed for a statistical power of 85% (at alpha level of
0.05), 21 males, with at least 12 months of resistance
training experience (age 25.57±5.57 years, body mass
76.75±9.48 kg, and height 1.76±0.05 m) participated in
the study. All participants were right handed and did not
report any history of orthopedic injuries or cardiovascular diseases. They were fully informed about the possible risks and discomforts of the research and provided
a written informed consent. The experiments were conducted according to the principles of the Declaration

1248

A

B

C

Figure 1.—Schematic illustration: A) maximal voluntary isometric contraction test; B) lying dumbbell elbow extension; C) overhead dumbbell
elbow extension. Dotted lines correspond to movement partition into
six equal ROMs: initial concentric (IC), middle concentric (MC), final
concentric (FC), initial eccentric (IE), middle eccentric (ME), and final
eccentric (FE).
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1 kHz by a 16 bits A/D converter (4.8 kHz and ±10 V
dynamic range; Spider8, Hottinger Baldwin Messtechnik, Darmstadt, HE, Germany). Elbow joint angle was
estimated from changes in the direction of the uniaxial
accelerometer (bandwidth 0-200 Hz and sensitivity
315 mV/g; ADXL202E, Analog Devices, Norwood,
MA, USA), with respect to gravity acceleration vector. The accelerometer was fixed to the subject’s wrist
and with its normal axis orientated vertically. Two circular Ag-AgCl pre-gelled electrodes (20-mm diameter
and 20-mm inter-electrode distance) were positioned
on triceps brachii long and lateral heads according to
SENIAM recommendations, after skin preparation.17
A 200 kgF full-scale load cell (Kratos Dinamômetros,
Cotía, Brazil) was used to measure the peak force during the MVIC trial.
The concentric and eccentric phases of the sEMG
signal of triceps brachii heads were divided into three
equal ROMs (initial, middle, and final) (Figure 1), according to the individual elbow joint range. The sEMG
root mean square (RMS) was estimated for each ROM
and phase. The main comparisons made of triceps brachii long and lateral heads RMS%, were among phases
(same exercise, head, and ROM), among ROMs (same
exercise, head, and phase), and among exercises (same
head, phase, and ROM). To avoid the effect of geometrical and physiological factor on sEMG data, the RMS
amplitude was normalized by the maximum RMS value
estimated from the MVIC trial (RMS%), using equation
(1) with n ranging from 1000 (1 s) to 5000 (5 s). A blind
examiner performed all analyses.
(1)
where x[n] is the raw sEMG, c and p stand for contraction phase (concentric or eccentric) and ROM (1: initial,
2: middle, or 3: final), respectively, and n is the sample
number ranging from the beginning (ps) to the end of
the movement phase (pe).
After Shapiro-Wilk test confirmed the data distribution
normality, dependent t-tests compared elbow extension/
flexion cycles duration and joint range among exercises.
Additionally, two separate two-way ANOVAs were applied to compare changes in RMS% amplitude of each
triceps brachii head (exercises x ROMs - for concentric
and eccentric phases; and phases x ROMs - for OD and
LD). HSD Tukey’s post-hoc test was used to identify
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significant differences among means with a P value set
to 0.05 (Statistica, StatSoft Inc., Tulsa, OK, USA).
Results
The maximal force during the MVIC trial (22.06±3.29
kg) represented 29.00±4.87% of participants body mass.
No significant changes were observed for joint amplitude between exercises. The eccentric phase of the
OD exercise was performed with a statistically longer
duration (P=0.002) than concentric. There was no time
difference between the phases of the LD (Table I).
As can be seen in Figures 2 and 3, concentric phases
elicited higher muscular activity than eccentric for both
exercises, mainly for the long head. During the concentric phase of both exercises, initial and middle ROMs
elicited higher triceps activity than the final interval,
especially for the lateral head. The same pattern can be
seen in the eccentric contraction, as the initial concentric corresponds to the same ROM of the final eccentric
(IC/FE in Figure 1), final and middle ROMs presented
increased activity when compared to initial.
Comparing the exercises (Figures 2, 3), there were
no RMS% statistical differences between them, except
for the long head during the initial eccentric, with less
activity for OD than LD.
Discussion
Although some studies investigated the sEMG activity during resistance training exercises 6, 8, 15, 18 and others besides that compared different ROMs 2, 3, 10, 12-14, 19
to our knowledge, this is the first study that evaluated the
triceps brachii long and lateral heads activation levels
between two usual resistance exercises using high loads.
The sEMG signal of the concentric and eccentric ROMs,
allowed us to detect distinct levels of muscle activity.
Table I.—Mean and standard deviation of time duration and elbow joint range of concentric and eccentric phases of overhead
dumbbell elbow extension (OD) and lying dumbbell elbow extension (LD).
Exercise

LD
OD

Duration (s)
Concentric

Eccentric

Range of motion
(°)

3.14±0.78
2.79±0.87*

3.75±1.13
3.84±1.27

124.07±11.54
127.28±10.42

*P=0.002 between phases.
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Figure 2.—Mean and standard deviation of triceps brachii long head
normalized RMS (RMS%) of all ROMs (initial, middle, and final) of
concentric and eccentric phases. Statistical differences from (P<0.05): a,
eccentric phase (same exercise and ROM); b, final concentric (same exercise); c, initial eccentric (same exercise); d, overhead dumbbell elbow
extension (same phase and ROM).

Figure 3.—Mean and standard deviation of triceps brachii lateral head
normalized RMS (RMS%) of all ROMs (initial, middle, and final) of
concentric and eccentric phases. Statistical differences from (P<0.05):
a, eccentric phase (same exercise and ROM); b, final concentric (same
exercise); c, initial eccentric (same exercise).

The MVIC test was performed with the elbow at 90°
of flexion, since the maximum elbow extension torque
is achieved in this position.20 The subjects of the present
study reached a mean load in MVIC of 29.00±4.87%
of their body mass. In a similar MVIC protocol for
the elbow flexors, the subjects reached a mean load of
43.60±7.71% of the body mass.2 These data outcomes a
flexion-extension torque relationship of approximately
66%, which is close to the values reported by Buchanan
et al.21 (around 60% at 90°). The load chosen for the
dumbbell elbow extensions (OD and LD) were high
enough to elicit a RMS% around 105% for lateral head
on LD exercise and the subjects could not perform more
than one or two repetitions.
Lower muscle activity was detected in the eccentric
phase in both triceps heads and exercises (except LD
initial and final intervals of the long head and final interval of the lateral head), as expected and reported by
some studies.2, 5, 22 The concentric phase requires greater
motor unit synchronicity, and consequently significantly higher sEMG amplitude than eccentric phase.23, 24
Also, the maximum force produced by the muscle while
shortening (concentric contraction) is lower than while
lengthening (eccentric).24, 25 Furthermore, higher force
production on eccentric contractions has also been associated to the titin filament and its binding to calcium
and actin, increasing the sarcomere stiffness.26

Comparing the sEMG data of different ROMs within
the same phase, concentric contraction presented the
same pattern during OD (long and lateral heads) and
LD (lateral head). As expected, in the concentric and eccentric phases, muscle activity was less when the elbow
was near full extension, where the load moment arm
was minimum. This behavior was more evident for the
lateral head as it is a uniarticular muscle. High variation
of myoelectric activity among the 6 ROMs analyzed can
be explained by the load moment arm and by the torqueangle relationship, mainly of the lateral head. This is in
accordance with Murray et al.27 who reported a larger
variation of maximal force as a function of elbow angle for the lateral compared to the long head. This fact
posits the importance of monitoring muscle activation
changes throughout the total movement amplitude. According to De Luca,28 the electromyographic analysis
based on a single mean sEMG value to describe a whole
movement is an important methodological limitation.
Regarding the exercises, the long head length was the
key difference between LD and OD. Because the shoulder is fully flexed in OD, the biarticular head (long head)
is in a longer length than in LD. Such lengthening might
affect the elbow extension torque-angle relationship
which has been previously reported for the shoulder in
neutral position.27, 29 Murray et al.29 suggest that torque
variation as a function of joint position mainly occurs

1250

The Journal of Sports Medicine and Physical Fitness

September 2018

©

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access
to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,
cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT 2018 EDIZIONI MINERVA MEDICA
SHOULDER POSITION IN DUMBBELL ELBOW EXTENSION 	ALVES

because of muscle moment arm and architectural alterations. Murray et al.30 demonstrated that the moment arm
peaks estimated by a model 31 decreases by 25% throughout elbow extension. However, the force production capacity of the triceps brachii (mainly of the long head),
when compared to elbow flexors, is relatively constant
and nearly maximal along the elbow ROM, even in more
flexed positions.27 According to the authors, this is due
to the relationship between the moment arm and optimal
fascicle length ratio. Nevertheless, the long head force
production potential, and consequently, activation pattern when lengthened (by shoulder flexion) is not clear.
Muscle force and sEMG can be correlated under
certain conditions, such as isometric or non-ballistic
dynamic contractions.32 In the present study, the exercises were performed in slow velocities, resembling
the above-mentioned conditions and our results showed
no long head sEMG differences between the exercises,
among all ROMs, except in the initial eccentric. For the
lateral head, there was no statistical difference at any
ROM between exercises, which was expected since it is
an uniarticular muscle and its length was not changed.
According to Doheny et al.,29 the neural excitation level
is determined by the muscle force capacity, not by the
force required to perform the movement. So, as in the
present study, the exercises were performed with very
high loads, it is reasonable that the muscle activity did
not present statistical difference between the exercises
in most of the ROMs analyzed. Besides the muscle
activity patterns, the mean elbow joint range and the
phases duration were equal for both exercises, indicating similar muscle efforts.
The results indicate the potential of the methodology
to describe muscle activity during resistance training.
Therefore, other exercises should be similarly analyzed
in future studies to establish guidelines for resistance
training prescription. However, future studies should
consider two or more visits to determine the data reliability. Nevertheless, Yang and Winter 33 reported high
intraclass correlation coefficient of the muscle activation measures during submaximal isometric contractions, with the within-days coefficient of variation ranging from 8% to 10%. Another improvement could be
the use of high density electromyography to provide
information regarding possible nonuniform muscle activation during the exercises and also to reduce the crosstalk of medial head.34

Vol. 58 - No. 9

Conclusions
Understanding the muscle activation among different ROMs of concentric and eccentric contractions may
help strength trainers to optimize long and lateral triceps brachii heads development and performance. OD
and LD are single joint exercises commonly employed
in resistance training programs. Since both exercises
presented similar activation patterns, the prescription
of OD and LD on the same training routine should be
avoided as a good strategy to provide different muscle
efforts.
References
1. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ,
Lee IM, et al. American College of Sports Medicine position stand.
Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently
healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc 2011;43:1334-59.
2.	Oliveira LF, Matta TT, Alves DS, Garcia MAC, Vieira TMM. Effect
of the shoulder position on the biceps brachii EMG in different dumbbell curls. J Sports Sci Med 2009;8:24-9.
3. Trebs AA, Brandenburg JP, Pitney WA. An electromyography analysis of 3 muscles surrounding the shoulder joint during the performance of a chest press exercise at several angles. J Strength Cond Res
2010;24:1925-30.
4.	Youdas JW, Amundson CL, Cicero KS, Hahn JJ, Harezlak DT, Hollman JH. Surface electromyographic activation patterns and elbow
joint motion during a pull-up, chin-up, or perfect-pullup™ rotational
exercise. J Strength Cond Res 2010;24:3404-14.
5.	Ebben WP, Jensen RL. Electromyographic and kinetic analysis
of traditional, chain, and elastic band squats. J Strength Cond Res
2002;16:547-50.
6. Koyama Y, Kobayashi H, Suzuki S, Enoka RM. Enhancing the weight
training experience: a comparison of limb kinematics and EMG activity on three machines. Eur J Appl Physiol 2010;109:789-801.
7. Naczk M, Naczk A, Brzenczek-Owczarzak W, Arlet J, Adach Z. Efficacy of inertial training in elbow joint muscles: influence of different
movement velocities. J Sports Med Phys Fitness 2016;56:223-31.
8.	Calatayud J, Borreani S, Colado JC, Martín FF, Rogers ME, Behm
DG, et al. Muscle activation during push-ups with different suspension training systems. J Sports Sci Med 2014;13:502-10.
9. Stensdotter AK, Hodges PW, Mellor R, Sundelin G, Häger-Ross C.
Quadriceps activation in closed and in open kinetic chain exercise.
Med Sci Sports Exerc 2003;35:2043-7.
10. Paoli A, Marcolin G, Petrone N. Influence of different ranges of
motion on selective recruitment of shoulder muscles in the sitting
military press: an electromyographic study. J Strength Cond Res
2010;24:1578-83.
11. Maffiuletti NA, Lepers R. Quadriceps femoris torque and EMG
activity in seated versus supine position. Med Sci Sports Exerc
2003;35:1511-6.
12. Moon J, Shin I, Kang M, Kim Y, Lee K, Park J, et al. The effect of
shoulder flexion angles on the recruitment of upper-extremity muscles
during isometric contraction. J Phys Ther Sci 2013;25:1299-1301.
13. Kasprisin JE, Grabiner MD. Joint angle-dependence of elbow flexor
activation levels during isometric and isokinetic maximum voluntary
contractions. Clin Biomech 2000;15:743-9.
14. Signorile JF, Lew KM, Stoutenberg M, Pluchino A, Lewis JE, Gao J.

The Journal of Sports Medicine and Physical Fitness

1251

©

This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically
or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access
to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,
cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT 2018 EDIZIONI MINERVA MEDICA
ALVES

SHOULDER POSITION IN DUMBBELL ELBOW EXTENSION

Range of motion and leg rotation affect electromyography activation
levels of the superficial quadriceps muscles during leg extension. J
Strength Cond Res 2014;28:2536-45.
15.	Riemann BL, Limbaugh GK, Eitner JD, LeFavi RG. Medial and lateral gastrocnemius activation differences during heel-raise exercise with
three different foot positions. J Strength Cond Res 2011;25:634-9.
16.	Davidson AW, Rice CL. Effect of shoulder angle on the activation
pattern of the elbow extensors during a submaximal isometric fatiguing contraction. Muscle Nerve 2010;42:514-21.
17.	Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development
of recommendations for SEMG sensors and sensor placement procedures. J Electromyogr Kinesiol 2000;10:361-74.
18. Schoenfeld BJ, Contreras B, Tiryaki-Sonmez G, Wilson JM, Kolber
MJ, Peterson MD. Regional differences in muscle activation during
hamstrings exercise. J Strength Cond Res 2015;29:159-64.
19.	Escamilla RF, Francisco AC, Kayes AV, Speer KP, Moorman CT. An
electromyographic analysis of sumo and conventional style deadlifts.
Med Sci Sports Exerc 2002;34:682-8.
20. Del Valle A, Thomas CK. Motor unit firing rates during isometric
voluntary contractions performed at different muscle lengths. Can J
Physiol Pharmacol 2004;82:769-76.
21. Buchanan TS, Delp SL, Solbeck JA. Muscular resistance to varus and
valgus loads at the elbow. J Biomech Eng 1998;120:634-9.
22. Marchetti PH, Uchida MC. Effects of the pullover exercise on the
pectoralis major and latissimus dorsi muscles as evaluated by EMG.
J Appl Biomech 2011;27:380-4.
23.	Henneman E. The size-principle: a deterministic output emerges from
a set of probabilistic connections. J Exp Biol 1985;115:105-12.

24. Lieber RL, Fridén J. Functional and clinical significance of skeletal
muscle architecture. Muscle Nerve 2000;23:1647-66.
25.	Enoka RM. Eccentric contractions require unique activation strategies by the nervous system. J Appl Physiol 1996;81:2339-46.
26.	Herzog W, Powers K, Johnston K, Duvall M. A new paradigm for
muscle contraction. Front Physiol 2015;6:1-11.
27. Murray WM, Buchanan TS, Delp SL. The isometric functional capacity of muscles that cross the elbow. J Biomech 2000;33:943-52.
28.	De Luca CJ. The use of surface electromyography in biomechanics. J
Appl Biomech 1997;13:135-63.
29.	Doheny EP, Lowery MM, FitzPatrick, DP, O’Malley MJ. Effect of
elbow joint angle on force-EMG relationships in human elbow flexor
and extensor muscles. J Electromyogr Kinesiol 2008;18:760-70.
30. Murray WM, Buchanan TS, Delp SL. The isometric functional capacity of muscles that cross the elbow. J Biomech 2000;33:943-52.
31.	Delp SL, Loan JP, Hoy MG, Zajac FE, Topp EL, Rosen JM. An interactive graphics-based model of the lower extremity to study orthopaedic surgical procedures. IEEE Trans Biomed Eng 1990;37:757-67.
32.	Disselhorst-Klug C, Schmitz-Rode T, Rau G. Surface electromyography and muscle force: Limits in sEMG-force relationship and new
approaches for applications. Clin Biomech 2009;24:225-35.
33.	Yang JF, Winter DA. Electromyography reliability in maximal
and submaximal isometric contractions. Arch Phys Med Rehabil
1983;64:417-20.
34.	Avancini C, de Oliveira LF, Menegaldo LL, Vieira TM. Variations in
the spatial distribution of the amplitude of surface electromyograms
are unlikely explained by changes in the length of medial gastrocnemius fibres with knee joint angle. PLoS One 2015;10: e0126888.

Funding.—The authors would like to thank FAPERJ, CNPQ and CAPES for the financial support.
Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Article first published online: July 5, 2017. - Manuscript accepted: June 28, 2017. - Manuscript revised: June 15, 2017. - Manuscript received: July 17, 2016.

1252

The Journal of Sports Medicine and Physical Fitness

September 2018

