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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 electromy-
ography (seMG), reported different patterns of biceps 
brachii activity in three common elbow flexors dumb-
bell 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 

resistance 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 ma-
chine features,6 movement velocity,7 instability condi-
tions,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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a B S T r a c 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 repeti-
tions 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)
Key words: electromyography - resistance training - Skeletal muscle - elbow - Shoulder.

The Journal of Sports Medicine and physical fitness 2018 September;58(9):1247-52
doi: 10.23736/S0022-4707.17.06849-9

© 2017 ediZioNi MiNerVa Medica
online version at http://www.minervamedica.it

O R I G I N A L  A R T I C L E
E X E R C I S E  P H Y S I O L O G Y  A N D  B I O M E C H A N I C S

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.

kayus
Highlight
Variável dependente do estudo.

kayus
Highlight
Variável independnete.

kayus
Highlight

kayus
Highlight
Objetivo do estudo.

kayus
Highlight

kayus
Highlight

kayus
Highlight
Já era esperado.

kayus
Highlight

kayus
Highlight

kayus
Highlight

kayus
Highlight



alVeS Shoulder poSiTioN iN duMBBell elBoW eXTeNSioN 

1248 The JourNal of SporTS MediciNe aNd phySical fiTNeSS September 2018

of helsinki and were approved by the research ethics 
committee of clementino fraga filho university hos-
pital (44100215.6.0000.5257).

The participants executed one repetition (concentric-
eccentric) of each exercise (od and ld) using a 40% 
load of a 6-second maximal voluntary isometric con-
traction test (MVic).2 The 40% MVic load was cho-
sen, 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 ac-
cordance with the exercise; however, the use of a fixed 
load was required to compare the neuromuscular activ-
ity among the two protocols. dumbbell elbow extension 
exercises (od and ld) were randomly executed (two-
minute 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 fore-
arm 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 

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 volley-
ball serve, boxing punch, baseball pitch) that require a 
strong elbow extension.

Therefore, the aim of the present study was to com-
pare the seMG of triceps brachii long and lateral heads 
among three different elbow roMs during two com-
monly prescribed elbow extension exercises: overhead 
dumbbell elbow extension (od) and lying dumbbell el-
bow 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 eccen-
tric), 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.

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 cardiovas-
cular diseases. They were fully informed about the pos-
sible risks and discomforts of the research and provided 
a written informed consent. The experiments were con-
ducted according to the principles of the declaration 

figure 1.—Schematic illustration: a) maximal voluntary isometric con-
traction 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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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 am-
plitude 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 concen-
tric 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 concen-
tric 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 activ-
ity during resistance training exercises 6, 8, 15, 18 and oth-
ers 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.

1 khz by a 16 bits a/d converter (4.8 khz and ±10 V 
dynamic range; Spider8, hottinger Baldwin Messtech-
nik, 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 vec-
tor. The accelerometer was fixed to the subject’s wrist 
and with its normal axis orientated vertically. Two cir-
cular 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 dur-
ing 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), ac-
cording 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 bra-
chii 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 geomet-
rical 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 contrac-
tion 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 ap-
plied 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 

Table I.—�Mean and standard deviation of time duration and el-
bow joint range of concentric and eccentric phases of overhead 
dumbbell elbow extension (OD) and lying dumbbell elbow exten-
sion (LD).

exercise
duration (s) range of motion  

(°)concentric eccentric

ld 3.14±0.78 3.75±1.13 124.07±11.54
od 2.79±0.87* 3.84±1.27 127.28±10.42
*p=0.002 between phases.
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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 ec-
centric 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 torque-
angle 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 an-
gle for the lateral compared to the long head. This fact 
posits the importance of monitoring muscle activation 
changes throughout the total movement amplitude. ac-
cording 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 shoul-
der 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 

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 in-
terval of the lateral head), as expected and reported by 
some studies.2, 5, 22 The concentric phase requires greater 
motor unit synchronicity, and consequently significant-
ly 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 as-
sociated to the titin filament and its binding to calcium 
and actin, increasing the sarcomere stiffness.26

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 ex-
ercise); 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).
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Conclusions

understanding the muscle activation among differ-
ent roMs of concentric and eccentric contractions may 
help strength trainers to optimize long and lateral tri-
ceps 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.
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because of muscle moment arm and architectural altera-
tions. Murray et al.30 demonstrated that the moment arm 
peaks estimated by a model 31 decreases by 25% through-
out elbow extension. however, the force production ca-
pacity 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 pat-
tern 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 ex-
ercises 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, indicat-
ing 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 reli-
ability. Nevertheless, yang and Winter 33 reported high 
intraclass correlation coefficient of the muscle activa-
tion measures during submaximal isometric contrac-
tions, with the within-days coefficient of variation rang-
ing from 8% to 10%. another improvement could be 
the use of high density electromyography to provide 
information regarding possible nonuniform muscle acti-
vation during the exercises and also to reduce the cross-
talk of medial head.34
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