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The effect of two types of maximal voluntary contraction and two electrode positions in field
recordings of forearm extensor muscle activity during hotel room cleaning

Camilla Dahlqvist ∗, Henrik Enquist , Lotta Löfqvist and Catarina Nordander

Division of Occupational and Environmental Medicine, Lund University, Sweden

Purpose. This study aimed to investigate the effects of using hand grip or resisted wrist extension as the reference contrac-
tion, and two electrode positions, on field recordings of forearm extensor muscle activity. Materials and methods. Right
forearm extensor muscle activity was recorded using two electrode pairs (over the most prominent part (position 2) and
proximal to that (position 1)) during one working day in 13 female hotel housekeepers. Each subject performed the two
maximal voluntary contractions (MVCs), and the electrical activity obtained during these (maximal voluntary electrical
activity (MVE)) was used for normalization. Each set of recordings was analysed twice, once using hand grip as the MVC
and once using resisted wrist extension. Results. Resisted wrist extension showed a higher group mean MVE than hand grip.
Position 2 had higher correlation between MVE and force during the MVCs. The workload during cleaning was lower when
using resisted wrist extension as reference than when using hand grip (24%MVE vs 46%MVE; p = 0.002 at position 2)
for the 90th percentile. The workload (99th percentile) was overestimated in two subjects when using hand grip as refer-
ence. Conclusions. Problems associated with poorly activated forearm extensors can be overcome by using resisted wrist
extension as reference.

Keywords: hand grip; power grip; resisted wrist extension; maximal voluntary contraction; maximal voluntary electrical
activity; electromyography amplitude

1. Introduction
Surface electromyography (EMG) of the forearm muscles
is one of the tools used to assess prolonged and forceful
arm/hand exertions in, e.g., industrial and manual work
[1–3]. Such work is performed in a wide range of pos-
tures and with varying forces, and the forearm muscles
can thus be involved to different degrees in different sit-
uations [4]. It may therefore be necessary to record the
muscle activity from several forearm muscles to obtain a
complete description of the forearm exertion during work.
However, this may not be feasible in field recordings of
physical workloads, as the time required to apply and cal-
ibrate the equipment may make employers reluctant to
give permission for workplace recordings. Furthermore,
analysing the vast amount of data collected would also be
time consuming [5]. Having to work with multiple mea-
suring equipment may also interfere with the participants’
mobility and comfort. A common strategy is to record
the muscle activity in the extensor carpi radialis brevis
and longus as a proxy for forearm muscle exertion dur-
ing work [2,6]. Exposure–response relationships have been
found between the peak load on these muscles (i.e., the
90th percentile of the amplitude distribution) and reported
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complaints in the elbow/hand during the past 12 months
and past 7 days [7].

The recorded EMG amplitudes should be normalized to
a reference contraction, as they are influenced by, e.g., skin
conductance and subcutaneous thickness [8]. A proxy for
the applied muscle force relative to the subject’s strength
can be obtained using the maximal voluntary contrac-
tion (MVC) as a reference and expressing the electrical
activity obtained during work as a percentage of the elec-
trical activity obtained during the MVC (the maximal
voluntary electrical activity (MVE)). A commonly used
reference contraction is the maximal voluntary power grip
(here denoted hand grip) in a mid-pronated forearm pos-
ture [2,9,10]. This grip can be used for both flexor and
extensor muscles, but has been shown to give lower EMG
amplitudes than, e.g., maximal resisted flexor and extensor
efforts [11,12]. This means that the extensor muscles are
not fully activated during the hand grip, which may result
in overestimation of the recorded workload.

The most appropriate way to perform a reference con-
traction of the forearm muscles has been discussed in
several studies [11–14], although no consensus has yet
been reached. For example, Ngo and Wells [11] proposed
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that EMG amplitudes obtained during power gripping
tasks should be normalized to resisted flexor and exten-
sor MVCs, for better approximation of the magnitude of
maximum activation of the forearm muscles. They also
suggested that a hand grip could be performed to allow
comparison with previous studies in which this has been
used as a reference contraction.

Recommendations on the type and positioning of elec-
trodes, signal processing and modelling were established
for 27 different muscles by the European Concerted Action
SENIAM (surface EMG for non-invasive assessment of
muscles) in 1999 [15], but no such recommendations were
established for the forearm. During nearly 30 years of
research, our group has placed the EMG electrodes on
the most prominent part of the extensor muscles. How-
ever, it has been suggested that this position should be
avoided, as this is where the innervation zone is likely to be
[16]. In addition, previous studies have also shown that the
EMG amplitude varies depending on the electrode position
[17–19]. There is therefore a need to study different elec-
trode positions on the forearm.

We have previously found a variation in the EMG
amplitude when recording the hand grip on different days.
In a laboratory mock-up of an industrial setting, the coef-
ficient of variation (CV) of the EMG recorded during the
hand grip contraction was found to be as high as 29% [6].
We occasionally also see higher EMG amplitudes during
work than those obtained with the hand grip. Therefore,
we compared the EMG amplitude and reproducibility of
two different MVCs (hand grip and resisted wrist exten-
sion) and four electrode positions, and found the highest
group mean EMG amplitude and the lowest CV for resisted
wrist extension with the electrodes positioned closest to
the elbow [12]. However, that study was conducted in a
laboratory setting with recordings of MVCs. The present
study was therefore carried out to investigate the effects
of hand grip and resisted wrist extension on recordings of
forearm extensor muscle activity at two electrode positions
in whole-day field recordings during hotel cleaning.

2. Materials and methods
2.1. Study design and subjects
Thirteen right-handed female hotel housekeepers partici-
pated in the study. Their median age was 40 years (range
22–55), height was 164 cm (range 157–177; data missing
for one subject) and weight was 62 kg (range 50–73; data
missing for three subjects). The electrical activity of the
right forearm extensor muscles was recorded by two pairs
of electrodes at different locations during a normal working
day for each subject. All subjects performed three efforts
of each of two types of MVC (hand grip and resisted wrist
extension, see section 2.3) before they started work. The
researcher asked the subject to maintain each contraction
for about 5 s and encouraged her to perform at her best. The

Figure 1. Positions of the electrodes (1 and 2) on the right
forearm extensor muscles.
Note: LE = lateral epicondyle.

subject sat on a chair and body movements were controlled
during each attempt. Every other subject started with the
hand grip, and the remaining subjects started with the
resisted wrist extension. All subjects cleaned hotel rooms.
A researcher followed each subject during her working day
and noted the exact starting and stopping times of different
work tasks and lunch breaks. The study was approved by
the Regional Ethics Committee in Lund (No. 2015/416).
All subjects gave their written informed consent.

2.2. Electromyography
The extensor carpi radialis longus and brevis were located
in the right forearm by palpation, while the subject per-
formed a voluntary contraction with the forearm resting
on a table, with a pronated forearm and an extended wrist.
The skin was cleansed with alcohol and rubbed with emery
cloth. We applied two Ag/AgCl electrodes (Ambu Neuro-
line 720, Denmark) to the skin above the most prominent
part of the muscles, which was approximately one third
of the distance from the lateral epicondyle to the styloid
process of the ulna (position 2; Figure 1) [6]. Two addi-
tional electrodes were applied proximally to the original
pair (position 1; Figure 1). In this way, recordings could
be made at two positions for each subject. Position 2 is the
location used in our previous studies of workload [2]. Posi-
tions 1 and 2 correspond to positions A and C, respectively,
in the study by Dahlqvist et al. [12]. The centre-to-centre
distance between the electrodes was 20 mm, and the active
diameter of the electrodes was 6 mm.

The signals were amplified, filtered (10–400 Hz) and
sampled at a rate of 2048 Hz, and were stored on a 2-GB
memory card in a Mobi-8 data logger (TMS International,
The Netherlands). After recording, the data were trans-
ferred to a computer for quality assurance and analysis.
The EMG signals were digitally band-pass filtered (30–
400 Hz) to remove electrical signals from the heart, and
were notch filtered (mains frequency, 50 Hz, and all har-
monics). The root mean square value was calculated for
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(a) (b)

Figure 2. Maximal voluntary contractions: (a) resisted wrist extension; and (b) hand grip.

periods of 0.125 s, and the noise was subtracted in a power
sense [20]. A moving window with a width of 0.5 s was
used to find the highest EMG activity resulting from the
three efforts of MVCs for each kind of contraction [20,21].

2.3. Maximal voluntary contractions
2.3.1. Resisted wrist extension
The subject sat on a chair without armrests, with the elbow
flexed and with the forearm pronated and supported on
a table (Figure 2a). The subject inserted her hand into a
glove, on the dorsal side of which a piece of plywood was
attached. A metal ring was attached to the underside of
the plywood, through which the middle finger of the glove
was passed. A strap was also passed through the ring and
attached to a force transducer connected to a metal plate
on the floor. The subject was asked to perform maximal
extension of the wrist. Before recording the MVC, the strap
was adjusted so the piece of plywood remained horizontal
during the MVCs. The exerted force was registered for all
three MVCs [12].

2.3.2. Hand grip
The subject performed a maximal isometric grip using a
Jamar hand dynamometer (Sammons Preston, USA) with
the elbow flexed at 90° with no support of the forearm or
hand (Figure 2b) [12].

2.4. Data analysis
The highest electrical activity resulting from the two types
of MVC (MVE) was recorded at both electrode pairs. Each
recording made during cleaning was analysed twice – once
using hand grip as the reference contraction and once using
resisted wrist extension as the reference – resulting in four
separate results for each subject (2 MVCs × 2 positions).
The 90th and 99th percentiles of the amplitude distribu-
tion (muscular activity during work, expressed as %MVE)
and time for recovery (% of time; EMG amplitude below
0.5% MVE) during work were calculated for each subject

for the four sets of data. The group means were calculated
for comparisons between the four sets of data using the
Wilcoxon signed-rank test. The highest maximal exerted
force (MEF; Newtons) recorded during the three efforts of
each of the two MVCs was used to calculate the individ-
ual ratios and the group mean ratios between resisted wrist
extension and hand grip at both electrode positions. The
ratios (resisted wrist extension/hand grip) were also cal-
culated for the MVE and %MVE (99th percentile). The
correlation between the MEF and the MVE for all four sets
of data was calculated in terms of the Pearson correlation
coefficient. The MEF was then the independent variable
and the MVE was the dependent variable. The electrode
position with the highest correlation coefficient for both
types of contraction was used when plotting the MVE ratio
versus the %MVE (99th percentile) when using hand grip
as the reference. SPSS version 24.0 was used for the statis-
tical analyses; p < 0.05 was used to indicate a statistically
significant difference.

3. Results
3.1. Resisted wrist extension/hand grip ratios for MEF

and MVE
The individual ratios of the MEF ranged from 0.18 to 0.31
(Table 1). The group mean ratio was 0.25. The group mean
MVE for resisted wrist extension recorded at position 1
was 2.3 times higher than that for hand grip. The individual
MVE ratios at position 1 ranged from 1.0 to 3.7. At position
2, the group mean MVE for resisted wrist extension was
1.8 times higher than that for hand grip, and the individual
ratios ranged from 0.9 to 3.4.

3.2. MEF versus MVE
The correlation between the MEF and MVE recorded
with resisted wrist extension was lower at position 1
(r = 0.07, p = 0.828; Figure 3a) than at position 2
(r = 0.62, p = 0.023; Figure 3b). The values for hand grip
were r = 0.01 (p = 0.985) at position 1 (Figure 3c) and
r = 0.33 (p = 0.278) at position 2 (Figure 3d).
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Table 1. Maximal exerted force (MEF) and maximal voluntary electrical activity (MVE) of the maximal voluntary contractions
(resisted wrist extension and hand grip).

Maximal voluntary contractions

MEF (N) MVE (µV)

Subject
Resisted wrist

extension Hand grip Ratioa
Resisted wrist

extension Hand grip Ratioa

Position Position Position

1 2 1 2 1 2

1 54 216 0.25 441 237 255 129 1.7 1.8
2 67 294 0.23 799 296 271 206 2.9 1.4
3 71 294 0.24 735 341 430 360 1.7 0.9
4 61 255 0.24 1358 411 407 286 3.3 1.4
5 48 177 0.27 760 536 251 159 3.0 3.4
6 98 314 0.31 634 449 639 404 1.0 1.1
7 82 275 0.30 1229 705 447 288 2.7 2.4
8 88 314 0.28 939 559 389 188 2.4 3.0
9 56 275 0.20 727 244 361 129 2.0 1.9
10 53 240 0.22 1337 496 532 316 2.5 1.6
11 119 431 0.28 890 691 239 276 3.7 2.5
12 88 363 0.24 745 502 384 294 1.9 1.7
13 53 294 0.18 409 238 235 97 1.7 2.5

M 72 288 0.25 2.4 2.0

SD 21 64 0.04 304 162 123 96 0.77 0.73

aRatio between resisted wrist extension and hand grip.
Note: p for differences was calculated with the Wilcoxon signed-rank test (N = 13).

3.3. Muscular load and time for recovery during work
The group mean %MVE (90th and 99th percentiles) was
lower when resisted wrist extension was used as the
reference contraction than when hand grip was used, at
both electrode positions (Table 2). At position 1, the mean
of ratios for the 99th percentile was 0.48 (95% confidence
interval [CI] [0.36, 0.59]), while the corresponding value
at position 2 was 0.58 (95% CI [0.44, 0.71]). The %MVE
recorded was above 100% in three subjects at position 1
and in two subjects at position 2 when using hand grip as
the reference.

The group means of the time for recovery were higher
when resisted wrist extension was used as the reference
than when hand grip was used, at both electrode positions
(Table 2). The mean values of the ratios for the time for
recovery at position 1 were 2.9 (95% CI [2.1, 3.7]) and 2.3
(95% CI [1.6, 3.0]) at position 2 (data not presented).

3.4. %MVE versus MVE ratio
The two subjects with %MVE (99th percentile) above
100% at position 2 when hand grip was used as the
reference contraction had MVE ratios of 3.0 and 3.4. All
other subjects had ratios below 2.5 (Figure 4).

4. Discussion
Resisted wrist extension showed higher group mean MVEs
than hand grip at both electrode positions. The correlation
between the MEF and the MVE was higher at position 2
than at position 1 for both resisted wrist extension and hand
grip. At position 2, this correlation was higher for resisted
wrist extension than for hand grip. When using hand grip as
the reference, two subjects showed %MVE above 100% at
position 2 during cleaning (99th percentile). These subjects
also had an MVE ratio between resisted wrist extension
and hand grip greater than 3.0.

4.1. MVE and MVE ratios for the two reference
contractions

Twelve of the 13 subjects exhibited higher MVEs with
resisted wrist extension than with hand grip, which is in
accordance with our findings in the laboratory setting,
where this was the case in 11 of 12 subjects [12].

4.2. Correlations
We believe that the MVE, to some degree, reflects the MEF
that is used when performing the MVC. However, several
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Figure 3. Maximal voluntary electrical activity (MVE) versus maximal exerted force (MEF) for 13 female hotel housekeepers: (a)
resisted wrist extension at electrode pair position 1; (b) resisted wrist extension at electrode pair position 2; (c) hand grip at electrode
pair position 1; and (d) hand grip at electrode pair position 2.

studies have shown that, e.g., the subcutaneous thickness,
electrode positioning and different arm positions also influ-
ence the MVE [8,16,22,23], which of course will affect the
correlation. In the current study, we found an R2 value of
0.39 between the resisted wrist extension MVE at position
2 and the MEF. Thus, 39% of the variance in the MVE
could be explained by the MEF. The corresponding value
for hand grip was only 11%. No correlations were found
at position 1, which may be a consequence of electrode
positioning. Therefore, in spite of the possible drawbacks
resulting from positioning the electrodes over the innerva-
tion zone, we recommend position 2 for forearm extensor
EMG recordings.

4.3. Muscular load during work and MVE ratios
When using hand grip as the reference, values of %MVE
above 100% were obtained for two subjects. Upon inspect-
ing the data, we noted that these subjects (numbers 5 and 8)
had hand grip MVEs for electrode position 2 that were
among the lower values, while their MVEs for resisted

wrist extension were among the highest. Furthermore, the
ratios of the MEF between the two types of contraction
for these subjects were the same as for the other partic-
ipants, while their MVE ratios were the two highest. It
thus appears that they activated their extensor muscles to
a lesser extent than the others during the hand grip, result-
ing in overestimation of the muscular load during work
when using hand grip as the reference. It is not possible
to determine whether a subject activates the extensor mus-
cles maximally by studying the hand grip force and MVE
only. Instead, the MVE ratio for resisted wrist extension
and hand grip can be used to distinguish individuals who
fully activate their extensor muscles from those who do
not.

4.4. Strengths and limitations
Differences in EMG amplitudes of the forearm muscles
between different maximal efforts and/or with the arm in
different positions have been reported in several previous
studies [11,14,24]. However, these studies only compared
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Table 2. Workload (%MVE; 90th and 99th percentiles) and time for recovery (% of time) during hotel housekeeping at two electrode
positions (1 and 2) when using hand grip and resisted wrist extension as reference contractions.

Workload

% MVE (90th percentile) % MVE (99th percentile) Time for recovery (% of time)

Subject
Resisted wrist

extension Hand grip
Resisted wrist

extension Hand grip
Resisted wrist

extension Hand grip

Position Position Position Position Ratioa Position Position

1 2 1 2 1 2 1 2 1 2 1 2 1 2

1 18 23 31 42 35 41 60 76 0.58 0.54 3.0 1.9 1.5 1.0
2 24 32 67 47 46 57 128 83 0.36 0.69 2.3 1.1 1.2 0.7
3 13 25 22 23 24 44 41 41 0.58 1.06 6.6 3.6 3.4 3.8
4 15 23 49 32 30 42 98 60 0.30 0.70 3.4 0.9 0.7 0.6
5 26 23 79 76 49 39 149 131 0.33 0.30 3.9 4.1 0.8 1.0
6 24 32 24 35 44 53 44 59 1.00 0.90 3.5 1.9 3.5 1.7
7 15 16 42 39 32 29 88 71 0.36 0.41 5.5 5.0 2.2 2.2
8 18 25 42 75 34 49 82 146 0.41 0.34 5.5 2.9 1.9 0.7
9 17 30 34 56 33 52 66 98 0.50 0.53 4.1 2.0 1.8 0.9
10 18 29 46 46 34 49 85 77 0.40 0.64 3.0 1.0 0.8 0.6
11 25 19 92 47 47 37 176 92 0.27 0.40 3.0 3.7 0.7 1.7
12 19 21 37 35 40 38 77 65 0.52 0.59 1.8 2.0 0.9 1.1
13 18 20 31 50 40 38 69 93 0.58 0.41 5.1 4.4 1.8 1.0

M 0.48 0.58

SD 4.2 5.0 21 16 7.6 7.9 40 29 0.19 0.22 1.4 1.4 1.0 0.9

aRatio between resisted wrist extension and hand grip.
Note: p for differences was calculated with the Wilcoxon signed-rank test (N = 13). MVE = maximal voluntary electrical activity.

Figure 4. Workload (% MVE; 99th percentile) during hotel
room cleaning at electrode position 2 when using hand grip as
the reference contraction versus the ratio of the maximal
voluntary electrical activity (MVE) for resisted wrist extension
and hand grip for 13 female hotel housekeepers.

the amplitudes during these specific maximal efforts in
the laboratory, and it is difficult to estimate the conse-
quences of different contractions in real working situations
using such an approach. To the best of our knowledge,
the present study is the first in which different reference
contractions have been used and compared in field record-
ings of real work using different electrode positions. We
recorded the muscular load in an occupation with very
strenuous work tasks, and enabled us to reveal two sub-
jects in which the workload was obviously overestimated
due to poor activation of the forearm extensors in the hand
grip contraction.

The main limitations of this study were the small num-
ber of participants and the fact that only women were stud-
ied. Despite this, we saw differences in amplitude between
the two types of reference contraction, and the results from
our previous laboratory study were confirmed [12].

4.5. Practical implications
The results of this study show that the muscular load dur-
ing work can be overestimated when using hand grip as
the reference contraction for the normalization of EMG
data. Furthermore, the correlation between the MEF and
the MVE was higher for resisted wrist extension than for
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hand grip at position 2. This suggests that resisted wrist
extension may be used to normalize EMG data. However,
hand grip has been used in many previous studies, and
comparisons to these studies would be lost. One approach
to overcome this could be to perform both resisted wrist
extension and hand grip contractions and report both.
Another approach could be to report data that have been
normalized to hand grip, and exclude subjects with an
MVE ratio above a certain level (3 in the current study).
A somewhat lower %MVE could then be expected on
the group level (41%MVE instead of 46%MVE in this
study) compared with previous studies, as these are likely
to include subjects with an overestimated workload.

5. Conclusions
Resisted wrist extension showed higher MVEs than hand
grip for both electrode positions. A higher correlation was
also found between the MEF and the MVE for resisted
wrist extension than for hand grip, at position 2. When
using hand grip as the reference, the muscular load dur-
ing work was overestimated in two subjects. Resisted wrist
extension may therefore be more valid for the normaliza-
tion of EMG recordings of muscular load during work.
However, many studies have used the hand grip as ref-
erence. Therefore, both resisted wrist extension and hand
grip could be performed and reported. To avoid overes-
timation when using hand grip as the reference, subjects
with an MVE ratio over a certain threshold (> 3.0 in the
current study) should be excluded.
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