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Summary

Study aim: Improvement of the upper extremities’ performance is one of the key aims in the rehabilitation process. In order to
achieve high effectiveness of this process the amount of functional improvement achieved by a patient during the therapy needs
to be assessed. The aim of this study was to obtain electromyographic (EMG) activity profiles of the upper extremity muscles
during execution of simple tasks in healthy subjects. Additionally the ranges of wrist, elbow and shoulder joints were measured
and reported during performed trials. The second aim was to determine whether the movement execution and ranges of move-
ments and muscular activity depend on age.

Material and methods: Twenty-eight healthy adults, age range 21 to 65 years old, participated in the study. Surface electrodes
were placed bilaterally on 7 upper extremity muscles. To obtain information about the beginning and end of the movement task
and ranges of upper extremity joints, 13 markers were placed on the elbows and wrists of both upper extremities. The move-
ments of the segments were calculated (distal vs proximal) in five simple functional tasks (each task involved only one joint),
performed while sitting. Kinematic data were collected by the VICON 460 system, and electromyographic data with the Mo-
tion Lab EMG system.

Results: Charts of timing of EMG activity of the upper extremity muscles together with ranges of upper extremity joint motion
were obtained.

Conclusion: The results show that the number of muscles activated and the time (or percentage) of the task during which they
are active depend on the type of the task and age. These data can be used as a reference in evaluation of functional deficits of
patients.
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by a patient during the therapy needs to be assessed. There
are several scoring systems used in clinical practice [9],
but these systems are qualitative and depend on the expe-

Introduction

In various neurological, rheumatoid and orthopaedic
diseases patients experience problems with upper limb
movements and thus considerable reduction of function-
al abilities. These problems could be caused by muscu-
lar strength deficiency, degenerative joint and soft tissue
changes, and lack or disturbances in motor control. This
restricts the independence of the patients in the perform-
ance of everyday tasks.

Therefore the improvement of the upper extremities’
performance is one of the key aims in the rehabilitation
process. In order to achieve high effectiveness of this
process the amount of functional improvement achieved

rience and personal views of the evaluator.

Surface electromyography (EMG) could be used to
objectively evaluate the upper extremity muscular activity
during various motor tasks. In order to assess the motor
deficits of the patients the reference EMG profiles should
be obtained. Such reference databases were created by
Kronberg and co-workers [10] They recorded muscular
activity of eight shoulder muscles during various upper
extremity tasks in five (ten upper extremities) healthy sub-
jects. Subjects performed the desired tasks with external
loads, applied either by gripping a weight or pulling a cord
with controlled resistance. Wickham and co-workers
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increased the number of investigated muscles to 15 and the
number of subjects to 28, but the activity of some of these
muscles was recorded using needle (fine wire) electrodes
[17]. Subjects performed seven tasks while standing, and
the tasks were executed with constant speed enforced by
the investigator. The EMG signals were normalised to %
of the MVC (maximal voluntary contraction) recorded at
separate trials in isometric conditions.

Hughes and co-workers investigated the activation pat-
terns of upper extremity muscles during supported track-
ing tasks in healthy older subjects in order to establish
a reference database for stroke patients [6].

The limitations of the published studies were: the lim-
ited number of subjects participating in the study [10], use
of needle electrodes [10, 17], one age group of the sub-
jects [6, 17], use of special devices [1, 2, 6, 10], enforced
speed of the movement [17], standardization of the EMG
signals by % of MVC recorded during isometric condi-
tions [6, 17], restriction of normal, anticipatory activity of
trunk muscles (lack of feedforward reactions) during up-
per extremity movements by external fixation (seat belts)
or allowing subjects to flex the trunk laterally instead of
maintain a stable trunk position [6, 17]. Other studies used
tasks difficult to perform for patients, as they reflect daily
life of healthy subjects [11, 14]. The EMG profiles col-
lected as reference databases should be recorded during
trials which could be reproduced by patients with various
neurological and orthopaedic diseases. For instance, it
would be extremely difficult for stroke patients to move an
upper extremity into abduction in a standardized, forced
movement plane [17]. The use of needle electrodes in
everyday clinical practice is impossible. Patients perform
motor tasks at varying speed, strongly dependent on their
dysfunctions. In many neurological conditions standardi-
zation trials cannot be performed due to disturbed motor
control. Therefore there is a need to create a reference da-
tabase of EMG profiles obtained with surface electrodes
during execution of simple motor tasks, easy to perform
for a wide variety of patients, even those who cannot
stand, and with no restriction on the speed of the move-
ments. Age-associated loss of power and strength in the
upper extremities has already been reported. The decline
of strength and power begins by age 40 [12]. Deterioration
of upper extremity function with age (increased time to
complete the test) due to restricted elbow, forearm, wrist
and fingers was found [3]. There is no information on
whether patterns of muscles activity of upper extremities
or their kinematic patterns change during the life span, but
this is a subject of interest [4].

The aim of this study was to obtain such EMG activ-
ity profiles of the upper extremity muscles during execu-
tion of simple tasks in healthy subjects. Additionally the
ranges of wrist, elbow and shoulder joints were measured
and reported during performed trials. The second aim was

to determine whether the movement execution and ranges
of movements and muscular activity depend on age.

Material and methods

Subjects

Twenty-eight healthy adults participated in the study.
They were 21 to 65 years old, 17 women, 11 men. All
participants were informed about the purpose of the study
and gave written informed consent and ethical approval
was provided by the Local Ethical Committee at Jozef
Pitsudski’s Academy of Physical Education, Warsaw, Po-
land.

The exclusion criteria at the subjects’ recruitment were:
neurological, orthopaedic, pain or any other problems (i.e.
diabetes, previous fractures of the upper extremities, etc.)
which might affect the functional abilities. Subjects with
obesity or extremely low body mass were also excluded
from the study. During recruitment the subjects answered
questions and a skilled physiotherapist assessed their body
posture.

Subjects were divided into three age groups:

— “young”: from 21 to 35 years old (10 subjects),
— “middle aged” from 36 to 50 years old (8 subjects),

“old” from 51 to 65 years old (10 subjects).

The subjects were recruited in such a way that their
age was more or less evenly distributed within their age
group.

The decision about participants’ age selection and
about classification was made arbitrarily, based on the
literature data. Individuals over 65 years old most likely
suffer from different orthopaedic disorders including re-
striction of range of movement and pain [4], and the first
decrease of upper extremity function was noted around
40 years of age [5].

Methods

The surface electrodes were placed bilaterally on the
following muscles: middle and frontal part of the del-
toid, trapezius, biceps brachii, long caput of triceps bra-
chii, brachioradialis, and long finger flexors, accord-
ing to SENIAM recommendations (SENIAM — Surface
ElectroMyoGraphy for the Non-Invasive Assessment of
Muscles). To obtain information about the beginning and
end of the movement task, and to evaluate the range of
motion of upper extremities, markers were placed on the
elbows and wrists of both upper extremities.

The protocol used in our study was described by Sibella
et al. and consisted of thirteen markers whose placement is
presented in Fig. 1 [15]. A model of the upper extremities
was constructed in Visual3D software. The movements of
the segments were calculated (distal vs proximal) in five
simple functional tasks, performed while sitting.
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Fig. 1. A — marker protocol used during collection of data. B — marker based Visual3D model with local reference systems

Kinematic data were collected by the VICON 460 sys-
tem (Oxford, UK), and electromyographic data with the
Motion Lab EMG (Baton Rouge, USA) system. Kinemat-
ic and electromyographic data were collected synchro-
nously, kinematic data with 60 Hz frequency, EMG with
1980 Hz.

During the session subjects were asked to perform
(with both upper extremities) five simple functional tasks,
performed in a sitting position:

— raise extremities parallel to the floor in the frontal pla-

ne, straight elbows (Task 1);

— raise extremities parallel to the floor in the sagittal pla-

ne, straight elbows (Task 2);

— maximal possible range of flexion of elbows in the sa-

gittal plane (thumbs to shoulders) (Task 3);

— supination and pronation of forearms and rotation of

wrists with free hanging extremities (Task 4);

— extension of wrists with forearms supported on the ta-

ble (Task 5).

In each task the movement was limited to only one joint
of the upper extremities (Tasks 1 and 2 — shoulder joints,
Task 3 — elbow joints, Tasks 4 and 5 — wrist joints).

The aim of the selection of analysed movements in the
study was the simplicity of performance and simplicity of
analysis. Too complex movements would make both the
performance and analysis difficult. In each of the tested
movements isolated mobility (co-activation) in one or
a maximum of two joints is expected and the rest of the
extremity is expected to maintain static (co-contraction)
There are different leading muscle groups in every move-
ment (proximal or distal groups). Symmetric movements
facilitated paretic upper limb activity and it was possible
to compare both sides.

Data from left and right upper extremities were pooled
together. As the time to perform the task varies from sub-
ject to subject all data were normalized to 100% of the
movement cycle: 0% — beginning of the task execution,
100% — end of the movement. Identification of the begin-
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ning and end of the movement was done with tracking of
the markers’ trajectories.

Raw EMG data were exported from the Workstation
and further processed in MATLAB (MathWorks Inc.,
USA): rectified and filtered to create envelopes, accord-
ing to SENIAM recommendations [5, 18]. The envelopes
were later averaged separately for the three age groups.

Based on the averaged curves the on-off time charts
of the timing of EMG activity (similar to the charts used
in clinical gait analysis) of the upper extremity muscles
during five simple tasks in three age groups were created
[16]. A threshold of muscle activity was defined as +3SD
of the baseline noise [13]. Kinematic data (angles) were
exported from Visual3D as text data and later smoothed
(filtered) and averaged in MATLAB.

Results

Figure 1 presents the marker protocol used during the
study, together with visualisation of the torso and upper
extremities of the subjects, and local reference systems.

Figure 2 shows the example of the averaged envelopes
(mean +/— standard deviation) during one task for one of
the three age groups.

Figures 3—7 present the timing of EMG activity charts
of the muscular activities of the upper extremity muscles
for all five tasks, separately for the three age groups.

During Tasks 1 and 2 the frontal and medial part of
the deltoid together with the trapezius muscle were active.
During the third task the long head of the triceps brachii

36-50 years old, 1st task

m.deltoideus middle

and brachioradialis were active. During the fourth task
there was the highest variability of muscular activity: in
the youngest group the active muscles were: middle part of
deltoid, biceps brachii, long caput of triceps brachii, bra-
chioradialis, and long finger flexors. In the middle group
the frontal part of the deltoid was also active, while in the
oldest group only the biceps brachii, long caput of triceps
brachii, and brachioradialis were active. During the fifth
task the youngest and middle group performed the task us-
ing the brachioradialis and long finger flexors, while the
oldest used only the brachioradialis.

Only in Task 1 were there no differences between the
age groups in muscular activity. In the second task all three
groups differed from one another, with the longest activity
in the oldest group. In the third task the youngest and mid-
dle group had similar activity of the muscles, while in the
oldest group their activity was longer. In the fourth task
the oldest group had short activity of only three muscles.

Table 1 presents the ranges of motion of wrist, elbow
and shoulder.

Discussion

The results show that the number of muscles activated
and the time (or percentage) of the task during which they
are active depend on the type of the task and age.

During Task 1 all three groups had the same type of ac-
tivity: middle and frontal parts of the deltoid muscle were
active for 10 to 80% of the motor task together with the
trapezius muscle.
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Fig. 2. Example of averaged EMG envelopes during one task (older group, Task 1)
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Fig. 3. Timing EMG activity chart for Task 1. A) “Young” group. B) “Middle aged” group. C) “Old” group
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Fig.5. Timing EMG activity chart for Task3. A) “Young” group. B) “Middle” group. C) “Old” group
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Table 1. Ranges of motion in wrist, elbow and shoulder motion in sagittal, frontal and transversal plane during five simple
motor tasks. Angles in degrees. In Task 4 negative values represent range in supination motion, positive in pronation motion

Shoulder Elbow Wrist

Sagittal Frontal Transv Sagittal ~ Frontal Transv Sagittal ~ Frontal Transv
Task 1
young 80+20 35+20 80+ 15 60 +20
middle 80 +20 3510 80+ 15 60 £ 20
old 70 + 20 3510 70+ 15 40 £ 20
Task 2
young 60+ 15 60+ 10 40+ 10 0
middle 55+20 60+ 10 40+ 10 35+10
old 55+£20 45+ 10 35+10 15+5
Task 3
young 0 140+£20 60+20 110+20 10+5 10+5 5+£5
middle 0 140+20 40+20 100 + 20 0 0 0
old 0 140+20 40+20 100 + 30 2010  20+10 10+10
Task 4
young 0 0 0 0 -60/20£20 -5/10+5
middle 0 0 0 0 -60/20£20 0
old 0 0 0 0 0 -80/20£20 0 0 0
Task 5
young 0 0 40+ 10 0 0 0 65+£20 50+20 40+ 20
middle 0 0 35+ 10 0 0 0 60 +£20 50+20 40+ 10
old 0 0 20+ 10 0 0 0 45 +£20 40+ 15 10£5

During Task 2 the same three muscles were active, but
only the frontal part of deltoid was similarly active in all
three age groups: from 10 to 80% of the motor task. In the
young group the middle part of the deltoid was active for
10 to 70% of the motor task, and the trapezius from 10 to
60%. In the middle age group the middle part of the del-
toid was active for a shorter time, from 20 to 70%, while
trapezius was active longer: from 10 to 80%. In the old-
est group all three muscles were active for the same time:
from 10 to 80% of the motor task.

During Task 3 in all three groups only two muscles
were active: the biceps brachii and brachioradialis. In the
young and middle groups they were active for 40 to 60%
of the motor task, and in the oldest group 30 to 65 and
70% respectively.

Task 4 revealed the largest differences between the age
groups. The youngest subjects performed the task using
the middle part of the deltoid for 50 to 100% of the motor
task, the biceps brachii and long head of the triceps brachii
for 20 to 50%, the brachioradialis for 0 to 50%, and long

finger flexors in two bursts of activity: the first for 10 to
30%, and the second for 50 to 80% of the motor task. In
the middle age group the timing of activity of the middle
part of the deltoid and long finger flexors was the same.
The biceps was active for a shorter time: for 20 to 40% of
the motor task, similarly to the brachioradialis: for 10 to
35%. the triceps brachii had two bursts of activity, the first
for 20 to 40%, the second for 60 to 90%. In this group also
the frontal part of the deltoid muscle was active for 60 to
90% of the motor task. The oldest subjects performed the
task using only three groups of muscles: the biceps brachii
and triceps brachii for 20 to 40% of the motor task, and the
long finger flexors for 10 to 40%.

During Task 5 the young and middle groups used the
brachioradialis for 10 to 70% of the motor task, and the
long finger flexors for 20 to 70%, while the oldest subjects
used only the brachioradialis for 10 to 75% of the motor
task.

The ranges of movement show that ranges of motion
of the joints in the oldest subjects tend to be smaller than
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in younger groups, and in some cases (Tasks 2, 3 and 4) in
the wrist joint the movements are performed in a slightly
different manner between the groups. This could explain
the differences in the timing of EMG activity of the mus-
cles between the age groups.

The limitation of the study is use of the relative move-
ments of the upper extremity segments defined by the
markers placed on them. The anatomy and thus move-
ments of the wrist, elbow, and most of all shoulder joints
are much more complicated and require much more ad-
vanced models and markers set-ups [8]. These models en-
able much better measurement of real ranges of motion,
but their application in clinical settings on quite often
greatly affected patients is to date impossible. Therefore
such simplistic models with established reference databas-
es can be of value in clinical environments.

A limitation of the study is the number of subjects. The
exclusion criteria made the recruitment of more healthy
subjects difficult. The statistical power was between 60
and 75%.

Neurological patients demonstrate a variety of ab-
normal activation patterns. For example, stroke patients
unintentionally activate the muscle of one limb while
the homologous part of the second limb is moving. This
phenomenon is called global synkinesis, and it could also
occur in other groups of neurologically affected patients
[7]. Most neurological problems, such as cerebral palsy,
stroke, or brain damage, are characterized by abnormal
motor control, spasticity, and lack of selectivity (these
problems influence the abilities of the patients). Surface
EMG is a relatively easy technique which could be used
for the assessment of the functional status of the patient’s
upper extremities. [ts non-invasiveness enables its frequent
use during rehabilitative treatment, and thus monitoring of
the patient’s progress (or deterioration).

Our results are difficult to compare with the results
presented in other papers, due to different methodology.
Wickham et al. presented their results as the % of MVC
(maximal voluntary contraction), their subjects were stand-
ing, and the timing of EMG activity charts was dependent
on the shoulder angle [17]. Standing position and normali-
zation of the muscular activity on the MVC are limiting
factors for many neurological subjects. Many of them can-
not stand or can stand only for a short period of time and
with a lot of effort, and distorted motor control makes the
normalization of MVC impossible. The use of surface elec-
trodes only limits the number of muscles for which activity
could be recorded, but it is much easier in everyday clinical
work, and does not raise more critical ethical issues.

The tasks performed by subjects are easy to explain
and do not require any special equipment (which is nec-
essary in some studies) [1, 6]. Moreover, as they are not
complicated, even patients with severe functional deficits

could try to perform them. Also the inability of the patient
to stand is not a limiting factor.

Conflict of interest: Authors state no conflict of interest.

References

1. Barr A.E., Goldsheyder D., Ozkaya N., Nordin M. (2001)
Testing apparatus and experimental procedure for posi-
tion specific normalization of electromyographic meas-
urements of distal upper extremity musculature. Cin. Bio-
mech., 16: 576-585.

2. Bartuzi P, Liu D. (2014) Assessment of muscle load and
fatigue with the usage of frequency and time-frequency
analysis of the EMG signal. Acta Bioeng. Biomech., 16:
31-39.

3. Bland M.D., Beebe J.A., Hardwick D.D., Lang C.E.
(2008) Restricted active range of motion at the el-
bow, forearm, wrist or fingers decreases hand function.
J. Hand. Ther., 21: 268-275.

4. Haywood K., Getchell N. (2009) Life Span Motor devel-
opment. Hum. Kinet., 5 Edition.

5. Hermens H.J., Freriks B., Merletti R., Stegeman D.,
Blok J., Rau G., Disselhorst-Klug C., Hiagg G. (1999) Eu-
ropean recommendations for surface electromyography .
Results of the SENIAM project. Roessingh Research and
Development, Enschede, The Netherlands.

6. Hughes A.M., Freeman C.T., Burridge J.H., Chap-
pell P.H., Lewin P.L., Pickering R.M., Rogers E. (2009)
Shoulder and elbow activity during fully supported tra-
jectory tracking in neurologically intact older people.
J. Electromyogr. Kinesiol., 19: 1025-1034.

7. Hwang L.S., Tung L.C., Yang J.F., Chen Y.C., Yeh C.Y.,
Wang C.H. (2005) Electromyographic analyses of global
synkinesis in the paretic upper limb after stroke. Phys.
Ther., 85: 755-765.

8. Jackson M., Michaud B., Tetreault P., Begon M. (2012)
Improvements in measuring shoulder joint kinematics.
J. Biomech., 45: 2180-2183.

9. King G.J.W,, Richards R.R., Zuckerman J.D., Blasier R.,
Dillman C., Friedman R.J., Gartsman G.M., lannotti J.P.,
Murnahan J.P., Mow V.C., Woo S.L.Y. (1999) A stand-
ardized method for assessment of elbow function. Jour-
nal of Shoulder and Elbow Surgery, 8: 351-354.

10. Kronberg M., Nemeth G., Brostrom L. (1990) Muscle
activity and coordination in the normal shoulder. Clin.
Orthop., 257, 76-85.

11. Lee M., Hong Y., Lee S., Won J., Yang J., Park S., Chang
K-T., Hong Y. (2015) The effects of smartphone use
on upper extremity muscle activity and pain threshold.
J. Phys. Ther. Sci., 27: 1743-1745.



Reference EMG and range data for upper extremities 157

12.

13.

14.

15.

16.

Metter E.J., Conwit R., Tobin J., Fozard J.L. (1997) Age-
Associated Loss of Power and Strength in the Upper Ex-
tremities in Women and Men. J. Gerontol. A Biol. Sci.
Med. Sci., 52A(5): B267-B276.

Mickelborogh J., van der Linden M.L., Tallis R.C., En-
nos A.R. (2004) Muscle activity during gait initiation in
normal elderly people. Gait Posture, 19: 50-57.

Rouse A.G., Shieber M.H. (2016) Spatiotemporal distri-
bution of location and object effects in the electromyo-
graphic activity of upper extremity muscles during reach-
to-grasp. J. Neurophysiol., 115: 3238-3248.

Sibella F., Galli M., Motta F., Crivellini M. (2002) Bio-
mechanical model and experimental protocol for upper
limb movement analysis. Gait Posture, 16: S94.
Sutherland D.H., (2001) The evolution of clinical gait
analysis. Part 1: kinesiological EMG. Gait Posture, 14:
61-70.

17. Wickham J., Pizzari T., Stansfeld K., Burnside A., Wat-
son L. (2010) Quantifying “normal” shoulder muscle dur-
ing abduction. J. Electromyogr. Kinesiol., 20, 212-222.

18. www.seniam.org

Received 28.02.2017
Accepted 06.10.2017

© University of Physical Education, Warsaw, Poland

Acknowledgments

This study was supported by the research grant 404
02732/0521 of Polish Ministry of Science and Higher
Education.



