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ABSTRACT. The aim of this study was to evaluate the
eifects on the levels on neck and shoulder muscular activity
of ergonomic aids used to support or suspend the arm in
different sitting postures, both with and without movement
of the arm-hand. Ten skilled women workers performed a
standardized simulated work cycle similar to assembling
printed circuit boards, in different sitting postures with and
without ergonomic aids. The elbow was supported by a
loosely-mounted, padded plate. For suspension, a new de-
vice, the K-block, was used giving an adjustable, constant
suspending force. Full-wave rectified, low-pass filtered,
time-averaged and normalized EMG was used. Surface
clectrodes were applied over six neck and shoulder muscles.
The results show that a reduction in the level of activity in
neck and shoulder muscles can be obtained with either aid.
The reduction, whether caused by suspension or support of
the arm, was related to the sitting posture. Elbow support
might be more efficient than arm suspension in a sitting
posture with the whole spine flexed, while arm suspension
might be more efficient when the trunk is inclined slightly
backward. Elbow support and, particularly, arm suspen-
sion may thus be recommended as technical aids in seden-
tary assembly work for patients with easily elicited cervical
spine and/or shoulder pain. It is also suggested that arm
suspension may be used to improve ergonomic conditions at
workplaces.

Kev-words: rehabilitation, cervical spine, ergonomic aid,
EMG, neck and shoulder muscles, prevention, muscle
load

Many patients with neck and shoulder problems
need rehabilitative help before going back to work.
Some have work-related neck and shoulder muscle
pain which might be relieved or reduced by some
crgonomic aid reducing the level of activity in the
painful muscles. Patients already under rehabilita-
tion have e.g. cervical spondylosis with easily elic-
ited pain, and these people too, should benefit from
reduction of load on the cervical spine, for example
through diminished load on the muscles connecting
the cervical spine with the shoulder girdle.
Another factor underlying this investigation is
the high prevalence of neck and shoulder muscle
pain in sedentary work (3, 9, 12, 13, 16), and the
fact that in most cases this pain is held to be caused
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by maintained static muscle contractions (6). It
would then be logical to assume that measures lead-
ing to diminished static contractions in the neck and
shoulder muscles would reduce the occurrence of
such work-related myalgia.

During neck movements, the level of activity in
neck and shoulder muscles is lower when the arms
rest in the lap than when they are elevated (7). Arm
positioning in manual tasks is important for the
level of activity of shoulder muscles (8, 19). In an
evaluation (2) of head and trunk posture with differ-
ent desk slopes during reading and writing when
most subjects supported their elbows on the table,
it was found that with increasing desk slope the
cervical and lumbar spine were extended and that
the level of muscular activity in the trapezius mus-
cle remained low. However, no change in EMG
relating to varying desk slopes could be demon-
strated.

Elsewhere, opinions differ as to the value of el-
bow support in reducing neck and shoulder muscle
load during sitting work and some evaluations have
been contradictory (15, 20).

The traditional suspension device is based on a
metal spring, giving an upward-directed force act-
ing on the arm. This force is greatest when the
spring is lengthened, i.e. when the arm is low; and
smallest when the arm is in a high position. This
sometimes leads to difficulties in coordinating arm—
hand movements, which in its turn might give a low
acceptance of this ergonomic aid. A new suspen-
sion device, the “‘arm balancer’, gives an adjust-
able but constant suspending force irrespective of
the length of cord extracted from it. Thus, the arm
is suspended by the same force no matter whether
the arm is high or low, which is advantageous for
coordination of movements. No study of the effect
of suspension of the arm during work has been
published, except for our preliminary results (5).
Preliminary results from a field test showed less
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perceived pain when arm suspension was used in

sitting work (1).

The aim of the present study was to evaluate the
effects on the levels of neck and shoulder muscular
activity of ergonomic aids used to support or sus-
pend the arm-hand in different sitting work pos-
tures both in a static arm position and during move-
ments of the arm-hand. The activity levels were
compared with those obtained in the same postures
but with no aid. The following specific questions
were studied:

— Is neck and shoulder muscular activity affected
by the use of arm suspension or of elbow support
during a standardized simulated work cycle in
various sitting postures?

— Do the various sitting postures influence the ef-
fects of the two ergonomic aids upon the level of
activity in neck and shoulder muscles?

— Do the effects of the ergonomic aids differ when
the movements of the arm-hand in the upper part
of the work area are compared to those in the
lower part?

MATERIAL AND METHODS

Ten skilled woman workers from an electronics plant
(Ericsson, Stockholm) participated in the study (Table I).
In a laboratory they performed a standardized simulated
work cycle in different sitting postures with and without
ergonomic aids.

EMG recordings were made using surface electrodes
(Ag-AgCl, Medicotest, Denmark) attached to the skin in
the direction of the muscle fibres. The level of muscular
activity was recorded as full-wave rectified lowpass fil-
tered and time-averaged EMG, using a time constant of
0.1 s (Devices AC 8 and Neurolog NL 104,703). The time-
averaged electromyograms were recorded using heat-sen-
sitive paper (Devices). Unfiltered, direct EMG signals
were recorded in parallel on a UV-recorder (Honeywell
Visicorder 1508), in order to exclude artefacts during the
recordings. All signals were also simultaneously visual-
ized on an oscilloscope (Tektronix RM 565) connected in
parallel. This was used particularly for testing electrode
function.

To make comparisons possible between the levels of
activity in different muscles, a normalization was per-
formed (4, 5, 14, 17, 18). A reference level was recorded
for all subjects before and after the experiments. This
level represented the highest activity obtained during a
series of standardized maximum voluntary isometric test
contractions against resistance and with the trunk stabi-
lized in a sitting position. The level of activity recorded
for each work posture during the actual work cycle was
then divided by this level. The values thus obtained are
presented as a percentage of the time-averaged myoelec-
trical potential (TAMP %) during the maximum isometric
test contraction. The standardized maximum voluntary
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Fig. 1. Location of recording electrodes. Tu-ESc: upper
part of trapezius covering erector spinae cervicalis. Tu:
upper part of trapezius at anterolateral margin. Tm-Sup:
middle part of trapezius covering supraspinatus. ESt-Rh:
erector spinae thoracalis covered by rhomboids. LeS:
levator scapulae. Stcm: sternocleidomastoideus.

isometric test contractions were as follows: 1) Attempted
elevation of arm and shoulder with resistance at distal
forearm. 2) Same with resistance proximal to elbow. 3)
Attempted abduction of arm at 45 degrees in plane of
scapula, with resistance proximal to elbow. 4) Vertical
elevation of shoulder against resistance (with stabilization
of cervical spine against lateral flexion). 5) Attempted
scapula movement in medial-cranial direction against re-
sistance and with cervical spine stabilized. 6) Attempted
forward movement of head and cervical spine with resist-
ance against forehead. 7) Extension of neck with resist-
ance at occiput. 8) Neck extension with resistance at
upper part of cervical spine and chest stabilized.

Location of electrodes

For recording activity from the neck and shoulder mus-
cles analysed in this study, pairs of surface electrodes
were placed as follows (Fig. 1):

Tu-ESc: Over the upper part of the descending portion
of the trapezius muscle covering the cervical erector
spinae, with one electrode at the level of vertebra C2 (C3)
and the other 0.03 m more caudally. The recording ob-
tained was probably a combination of the muscular activi-
ty of the uppermost part of the trapezius (which here is
thin and narrow) and the erector spinae cervicalis muscle
(the extensor of the middle and upper cervical spine in-
cluding the atlanto-occipital joint).

Tu: At the antero-lateral margin of the descending por-
tion of the trapezius at the midpoint between muscular
origin and insertion.

Tm-Sup: At the lateral part of the shoulder, where the
transverse (middle) portion of the trapezius covers supra-
spinatus.

ESt-Rh: Over the triangular aponeurosis of trapezius
located at the level of C7-T1, with the underlying rhom-
boids covering the thoracic erector spinae: one electrode
at the level of vertebrae C7-T1 and the other about 0.03 m
caudally.

LeS: Over the (upper part of) levator scapulae with
both electrodes placed between the posterior margin of
the sternocleidomastoid and the anterior margin of the
trapezius muscle.

Stem: At the midpoint of the sternocleidomastoid mus-
cle.




i support

b suspension

Ergonomic aids

The following ergonomic aids were used: 1. The elbow
was supported by a horizontal slightly padded plate
mounted to allow small horizontal plate movements (Fig.
2a). 2. The arm was suspended by means of a sling
around the elbow region (Fig. 25) and a cord connected to
an arm balancer (*‘K-block’’, Mabs Int AB, Norrkoping,
Sweden) (Fig. 2¢), adjusted to give a constant elevating
force of 20 N.

Work postures investigated

The effects of the ergonomic aids were studied in three

selected sitting work postures with and without aids:

— flexed cervico-thoraco-lumbar spine (whole spine
flexed) and attachment frame horizontal (A in Table II);

— whole spine vertical and straight and attachment frame
angled 35 deg. to the horizontal (B in Tables II and I1I);

— thoraco-lumbar spine inclined slightly backward, cervi-
cal spine vertical and straight and frame angled 75 deg.
(C in Tables II and III).

The simulated, highly-standardized task consisted of ini-
tially keeping a soldering pen (weight 0.07 kg) aimed
precisely at a central dot (filled circle in Fig. 3) on a card
in the attachment frame for 5 s, followed by a slow 9 s,
clockwise movement aiming the pen successively at the
nine positions from top left on the card (*‘a’ in Fig. 3) and
back to the same dot (“‘1’" in Fig. 3) on the card when a
rough square had been described. The attachment frame
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Fig. 2. Ergonomic aids: (a) elbow support, (b) suspension
of arm, (¢) arm balancer.

stood on a table. Both the inclination of the frame and the
height of the table (AVEBE Industries, Stockholm) were
adjustable. Eye-to-object distance was kept constant at
0.3 m for all postures.

Statistics

Data plots of the material indicated that the EMG level
values could be considered approximately normally dis-
tributed. The differences between activity levels in the

Table 1. Subjects’ age, work experience, body
weight and height

Work
Age experience Weight Height
No. (yrs) (yrs) (kg) (m)
1 37 8 47 1.62
2 34 6 57 1.60
3 54 8 50 1.60
4 34 3 50 1.64
5 21 3 45 1.50
6 32 13 60 1.68
7 55 10 53 1.67
8 43 L.5 73 1.70
9 38 1.5 55 1.56
10 41 7 55 1.62
X 38.9 6.1 54.5 1.62
SD 10.2 3.8 7.9 0.06
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Table I1. Statistical analysis. Mean differences between activity levels (TAMP %) without and with
ergonomic aid (elbow suppaort or arm suspension) in static situation and during standardized movement of

arm—hand

For description of postures see Methods and for abbreviations of recording locations (Tu-ESc etc) see Methods and

Fig. 1

Static Movement

Postures A B C A B C

EMG-recording

Elbow support
Tu-ESc 2.5 NS 1.0 NS —3.6 NS 4R vR 1.9 NS —{.8 NS
Tu 10.5 *** 6.1 ** 0.4 NS 9,9 *#¥ S8 * 1.4 NS
Tm-Sup 12.7 ** 75 —0.7 NS 11.9 ** 74% 1.3 NS
ESt-Rh 9.8 * 4.9 ** —0.5 NS 10.8 *** 5.3% 1.3 NS
LeS —0.4 NS 0.0 NS 0.1 NS 0.1 NS —0.1 NS —0.1 NS
Stem 1.0 NS 0.4 NS —0.4 NS 0.1 NS —0.2 NS 0.0 NS

Arm suspension
Tu-ESc 5.6* 34% —0.5 NS 6.0 * 4.6 NS 1.3 NS
Tu 9.0 ** 7.6*% 1.5 NS 7.9 * 9.1 ** 3.0 **
Tm-Sup 10.3 * 9.3* —0.6 NS 10.2 % 93 * 3.0%
ESt-Rh 8.7* 5.7% 1.2 NS 8.0 *** 6.9 * 1.7 NS
LeS —0.6 NS 0.7 NS 0.0 NS —0.1 NS 0.0 NS —0.7 NS
Stcm 0.5 NS 0.5 NS —-1.2 NS 1.0 NS 0.2 NS —1.6 NS

#*% p<().001; **0.001<p<0.01; *0.01<p<0.05; NS = not significant.

sitting postures were also plotted against the values for
each posture. In most cases there were no tendencies to
correlation between differences and values in the pos-
tures. These results allowed us to use: Student’s z-test for
paired observations. Significance level 0.01<p<0.05 is
regarded as a tendency. Statistical levels of significance
0.001<p<0.01 are regarded as significant and p<0.001 as
highly significant.

RESULTS

The effect of elbow support in the static situation is
shown in Fig. 4. In the whole-spine-flexed sitting

Table II1. Statistical analysis. Mean differences
between activity levels during arm—hand movement
at higher (=between points b-c) and lower (=be-
tween points f-g) areas of the work object with
ergonomic aid (higher minus lower)

Otherwise as in Table 11

Arm suspension Elbow support

Postures B C B C

EMG-recording

Tu-ESc 0.6 NS 0.5 NS 0.2NS 1.1 NS
Tu 1.7% 0.8 NS 0.9NS 08NS
Tm-Sup 3.0 NS 0.8 NS 1.4 % 0.7 NS
ESt-Rh 2.0* 0.3 NS 0.7NS 0.6 NS
LeS 0.6 NS 0.2 NS 0.2NS 0.4 NS
Stcm —-0.3NS —02NS -04NS 0.0NS
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posture (left column) the elbow support gave a
highly significant reduction of the muscle activity in
the descending part of the trapezius muscle (Tu), a
significant reduction in the horizontal part of the
trapezius muscle (covering the supraspinatus) (Tm-
Sup) and a tendency to reduction in the thoracic
erector spinae (covered by the rhomboids) (ESt-
Rh). No differences were found in the level of
activity in the cervical erector spinae covered by
the trapezius, the levator scapulae or the sternoclei-
domastoid muscles with the elbow support.

In the posture with the whole spine vertical and

ia—b ¢

Fig. 3. Standardized task with soldering pen in static
situation kept at the filled circle and during slow clock-

.

wise movement from dot “*a’" to dot “'i".
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Fig. 4. Left column: effect of elbow support during static
standardized simulated work in sitting posture with whole
spine flexed (work object horizontal); left of mid-line
(each column) posture without aid (=norm) and right of
mid-line same posture with elbow support (=supp). Lev-
els of muscular activity expressed as TAMP % for each
subject (all columns) indicated with horizontal lines. Nine
subjects. Absence of line=zero value. m=missing value.
Recording electrode locations: Tu-ESc, Tu, Tm-Sup, Est-
Rh, LeS and Stcm; for explanation of abbreviations see
Methods and Fig 1. *** p<0.001; ** 0.001<p<0.01;
*0.01<p<0.05. Significance in decrease in level of mus-
cle activity. Middle column: posture with whole spine
straight and vertical (work object angled 35 deg.). Right
column: posture with slight backward inclination of tho-
raco-lumbar spine, cervical spine vertical and straight
(work object angled 75 deg.).

straight (middle column), elbow support gave sig-
nificantly reduced levels of activity in the Tu and
ESt-Rh and a tendency to reduction in Tm-Sup.
The elbow support did not reduce the level of activ-
ity in the cervical erector spinae covered by the
trapezius, the levator scapulae or the sternocleido-
mastoid muscles.

A similar pattern for reduction of activity by
elbow support was found during the movement of
the arm-hand in the whole-spine-flexed posture
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Fig. 5. Effect of elbow support during movement of arm-
hand. Otherwise as Fig. 4.

(Fig. 5, left column), but the levels of significance
were somewhat different. The same holds true for
the sitting posture with the whole spine vertical and
straight (middle column).

The sitting posture with the thoraco-lumbar spine
inclined slightly backward and the cervical spine
vertical and straight (right columns; figure 4 and 5)
gave in itself low levels of muscular activity, and
the elbow support did not contribute to any fur-
ther activity reduction in any recording, neither in
the static situation (Fig. 4), nor during movement
(Fig. 5).

The effect of suspension of the arm by means of
the ““K-block’ in the static situation (Fig. 6) dif-
fered from the effect of elbow support in that sus-
pension gave, in addition, a tendency to reduction
of the activity in the uppermost cervical erector
spinae covered by the trapezius (Tu-ESc) in the
whole-spine-flexed posture (left column) and in the
whole-spine-vertical-and-straight posture (middle
column). For the recordings from Tu, Tm-Sup and
ESt-Rh with arm suspension in these two sitting
postures, the pattern was similar to that found with
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Fig. 6. Effect of suspension of arm during static work.
Seven subjects. Susp=suspension of arm. Otherwise as
Fig. 4.

arm support, i.e. with reduced or tendency to re-
duced activity level.

In the static situation, no reduction was shown in
any recording in the sitting posture with the tho-
raco-lumbar spine inclined slightly backward and
the cervical spine vertical (Fig. 6, right column).
During arm movement, however, in the thoraco-
lumbar-spine-inclined-slightly-backward ~ posture
(Fig. 7. right column), significant reduction in mus-
cle activity was found in the descending part of the
trapezius muscle (Tu) and a tendency to reduction
in the horizontal part of the trapezius muscle (Tm-
Sup). In the other postures (Fig. 7, left and middle
columns) a pattern similar to the static situation
with suspension shown in Fig. 6 was found.

A comparison was made between the differences
in activity level with ergonomic aid during arm
movement along the upper (points b—¢) and the
lower part (points f~g) of the work object respec-
tively (Fig. 3). The results are shown in Table III.
No significant differences could be demonstrated,
only tendencies to higher levels of activity during

Scand J Rehab Med 19

MOVEMENT
-G o ¢
(e 7% \b
normisusp normisusp normisusp
*

l—lJJal

=
*

Tm-Sup él_

b

S AWLHL‘J [Lu i
wplst plslsie paldsl

ESt-Rh —
R T
Stem ] il
lr\ 'P_
TAMP% 20 «0- 20 10 -0+ 10 10 -0+ 10, TAMP%

Fig. 7. Effect of suspension of arm during movement of
arm-hand. Otherwise as Fig. 6.

the movement along the higher part of the work
object.

DISCUSSION

The EMG normalization procedure followed in this
study has been discussed earlier (4, 5, 14, 17, 18,
21). Some of its advantages are the possibilities of
comparing muscle activity levels between different
muscle recordings and in different subjects. One
methodological problem is, however, to establish
the maximum activation level. An attempt to re-
duce this error is the standardization of the test
contractions and the retest procedure after the ex-
periment. In this study we are not concerned with
absolute values expressed at TAMP %, but the in-
tra-individual values and differences, and thus this
error does not significantly affect the conclusions.
There is no assumption in this study regarding level
of muscular activity and muscular force.

Another methodological problem is how to re-
cord from one single anatomically defined muscle
in the neck and shoulder region. The denomination
of some of the recordings appears somewhat too
distinct. The recordings over ESt-Rh, Tu-ESc and
Tm-Sup probably include activity from more than
one muscle (18). For the ESt-Rh recording the elec-
trodes were placed over the triangular aponeurosis




of the trapezius at the level of vertebra T1 to avoid
trapezius activity, and the proportion of EMG ac-
tivity contributed by e.g. the adjacent rhomboids
and erector spinae is uncertain. In general, the most
superficial of the muscles should contribute most to
the recorded EMG activity, but here the rhomboids
have a tendinous part from the mid-line laterally. In
the recording of Tu-ESc, the uppermost part of
trapezius is rather thin and narrow, probably add-
ing splenius/semispinalis activity. An indirect indi-
cation of different muscles being recorded from Tu-
ESc and Tu is that they showed different patterns,
which contradicts the assertion that the trapezius
was the dominant muscle in both recordings, as the
clectrodes cover the same trapezius fibres, proxi-
mally and more distally respectively. Thus Tu prob-
ably represents pars descendens of trapezius and
Tu-ESc probably a combination also including cer-
vical erector spinae to a substantial degree. In the
Tm-Sup recording, the proportion of activity from
trapezius and supraspinatus is uncertain. The fibres
of trapezius covering supraspinatus originate more
caudally from the spine and represent the trans-
verse portion, which is here rather thick.

Earlier studies (5.18) have shown the effect of
changes in sitting posture upon static activity in
neck and shoulder muscles; the posture with the
whole spine flexed gives higher muscular activity
levels than the vertical trunk posture, which in turn
gives higher levels than the posture with the trunk
slightly inclined backward. The reduction in mus-
cular activity level by suspending or supporting the
arm seems to depend somewhat on the sitting pos-
ture. Elbow support might be more efficient than
arm suspension in the whole-spine-flexed sitting
posture, one which, however, is not to be recom-
mended (18) since it gives higher activity levels
than other postures. Arm suspension might be more
efficient than elbow support in the sitting posture
with the trunk inclined slightly backward.

There are some other differences to note for the
two devices. When using the elbow support, the
clbow must of course be able to rest on the support
plate during the whole work cycle. As soon as the
elbow is lifted from the plate, for instance to reach
the upper part of the work area, the reducing effect
is eliminated. The device based on constant-force
suspension (K-block) here works differently, since
the reducing effect on the muscle activity is con-
tinuous. If the hand must cover a large work area,
K-block suspension is probably advantageous since
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it can diminish muscular activity regardless of el-
bow position. Checks that our subjects did not lift
the elbow from the support plate are reflected in the
findings that activity levels did not differ between
movements over the lower and the upper parts of
the work area respectively.

The results show that a reduction in the level of
activity in neck and shoulder muscles can be ob-
tained with either aid. Thus arm suspension or el-
bow support seem both to be appropriate preven-
tive measures for reducing neck and shoulder mus-
cular load in sitting assembly work. By using these
aids it might be possible to reduce the load level
below the suggested limit levels (10, 11) for accept-
able static load. Recommendation of arm suspen-
sion as an ergonomic aid in primary prevention has
recently been debated. As our results show that the
level of activity is reduced when this aid is used, its
introduction appears logical, if the purpose is to
reduce the level of static muscular activity. On the
other hand, it has been suggested that this kind of
ergonomic aid might delay the development of bet-
ter ergonomic design of machines, equipment and
workplaces. Of course we support the view that
primary prevention should be a self-evident con-
stituent of machine design. It will, however, take
time before results are transformed into new work-
places, and in the meantime we believe it is better
to work with what is to hand, where the measures
have some documented effects.

Another opinion is that changes in the ways work
is organized (e.g. job rotation) would be preferable
to physical changes such as arm suspension. Yet
even if the work is organized optimally, this does
not exclude the benefit from arm suspension in
tasks involving most neck and shoulder muscle
loading. Thus both steps can be taken simulta-
neously and independently.

The conditions in rehabilitative work differ from
those in primary prevention, though many of the
underlying principles for load reduction are the
same. In general, the rehabilitation patient is al-
ready disabled by neck and/or shoulder pain, how-
ever caused, and one of the problems is to be able
to cope with an earlier, or a new, working situation.
Here arm suspension can be recommended, and its
pain-reducing effect can easily be tested in each
individual case, both during the training phase and
also under real working conditions. Qur prelimi-
nary experience of this clinical application is en-
couraging.
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