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My passion in life is horses. Luckily, 
I have a work situation where at the 
end of the working day I can devote 
myself to it. Many others may have 
to give up passions, due to pain in 
muscles and joints caused by their 
physically demanding work. This 
thesis is my contribution to try to 
change this, by improving technical 
objective methods for measuring the 
physical workload in the upper part 
of the body. The methods may be 
used e.g. as a part of the systematic 
work environment work to achieve a 
satisfying work environment that pre-
vents development of musculoskeletal 
disorders among employees.
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Appendix





Version 4 
2019-03-27 

Instructions for self-recording of upper arm elevation and velocity 

Please read these instructions carefully before you put the sensor on. 

 

 

 

   

  

Remove the white paper strip from the back of the sensor. 

2. 

Attach the sensor to your arm as shown in the 
picture. 

Touch the USB connector with the magnet. A yellow and a red 

lamp start to blink. Remove the magnet immediately. Make sure 

the sensor is operating: the yellow lamp should be blinking all the 

time, and the red lamp now and then. 

1. Start the sensor 

3. Attach it 
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Remove the white 

backing from the 

clear plastic film. 

1. Place the plastic film over 

the sensor. 

2. Press the plastic film firmly 

along the sides and ends of the 

sensor. 

Grab one of the white strips on 

the film to remove one half of 

the covering plastic film. Then 

remove the other half, leaving 

only a thin plastic film. 

The thin plastic film should cover the whole of the 

sensor and part of the arm. Please, use more plastic 

films if you have not managed to cover the area 

shown in the picture. 

5. 

7. 

6. 

 

4. 
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You will now perform 5 toe jumps. Jump up and down 5 times. 

9. Zero position 

8. Toe jumps 

Immediately after the toe jumps, you 
should stand in the zero position. Follow 
these instructions carefully: 

1. Lean to the right and hold your arm by 
your side, as shown in the picture. Extend 
the elbow.  

Hold this position for 20 seconds. 

2. IMPORTANT - Write down the exact time 
(hh:mm:ss) in the protocol under day 1. 

 

Perform 5 toe jumps once again. Jump 

up and down 5 times. 

10. Toe jumps again 



Version 4 
2019-03-27 

You are now ready to start work. 

Please note the starting and stopping times of work, the lunch and the breaks in the supplied 
form. The sensor should remain on your arm for the whole study period. Do not remove it 
during showering or when you go to bed. 

 

If the sensor falls off, please note the date and time here:  

                                               …………/………(day/month) 

                                       ………:…………:……….(hh:mm:ss) 

You should not replace it. 

 

If you feel any pain, or if your skin starts to itch, or turns red around the sensor, remove it 
immediately. Please note the date and time here: 

                                               …………/………(day/month) 

               ………:…………:……….(hh:mm:ss) 

 

Please feel free to give me a call or send me a text message if you have any questions. 

 

Kindly, 

Forename Surname, Institution, phone xxxxxxxx, mobile phone xxxxxxxx 
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Validity of a small low-cost triaxial accelerometer with integrated
logger for uncomplicated measurements of postures and movements
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a b s t r a c t

Repetitive work and work in constrained postures are risk factors for developing musculoskeletal dis-
orders. Low-cost, user-friendly technical methods to quantify these risks are needed. The aims were to
validate inclination angles and velocities of one model of the new generation of accelerometers with
integrated data loggers against a previously validated one, and to compare meaurements when using a
plain reference posture with that of a standardized one. All mean (n ¼ 12 subjects) angular RMS-
differences in 4 work tasks and 4 body parts were <2.5� and all mean median angular velocity differ-
ences <5.0 �/s. The mean correlation between the inclination signal-pairs was 0.996. This model of the
new generation of triaxial accelerometers proved to be comparable to the validated accelerometer using
a data logger. This makes it well-suited, for both researchers and practitioners, to measure postures and
movements during work. Further work is needed for validation of the plain reference posture for upper
arms.

© 2016 Elsevier Ltd and The Ergonomics Society. All rights reserved.

1. Introduction

Physical workload such as excessive and/or prolonged muscular
load, repetitive work and work in awkward and constrained pos-
tures, are known risk factors for developing work-related muscu-
loskeletal disorders (WMSDs) in the neck/shoulder region and in
arms and hands (da Costa and Vieira, 2010; European Agency for
Safety and Health at Work, 2010; National Institute for
Occupational Safety and Health (NIOSH), 1997; National Research
Council (NRC), 1999; Nordander et al., 2009; Staal et al., 2007). As
an example, the 3rd European survey on working conditions
(ESWC) from 2000, displayed that 37% of the workers in the Eu-
ropean Union, who reported repetitive hand or arm movements at
least 25% of the work time, reported muscular pain in neck/
shoulders (Paoli and Merlli�e, 2001). Even though the risk factors
have been known for a long time, there is limited knowledge about
the quantitative exposure-response relationships and therefore

regulations are difficult to implement. Still, some guidelines based
on observations and expert ratings for reduction of WMSDs have
been implemented. One example is the threshold limit value (TLV)
based on Hand Activity Level (HAL) and peak hand force, used for
control of workplace exposures in order to prevent disorders in
hand, wrist and forearm (American Conference of Governmental
Industrial Hygienists (ACGIH), 2001).

Some exposure-response relationships have been found in
studies where technical measurements were used. Nordander et al.
have shown a relationship between prevalence of reported com-
plaints in elbow/hand the past seven days and technical mea-
surements of wrist movements, where the slope of the regression
line (b) for wrist angular velocity vs. complaints during the past
seven dayswas 0.6%/(�/s) (Nordander et al., 2013). Another example
is a study about work related shoulder disorders, where a duration
increment of 1% of the daily working hours with the upper arm
elevated more than 90� was associated with an OR of 1.23 for
supraspinatus tendinitis (Svendsen et al., 2004). Such quantitative
relationships are necessary for interpreting the measured exposure
as risks for WMSDs.

Since technical measurements give numerical values in generic
units, e.g. degrees (�) and �/s, of postures and movements, they are

* Corresponding author. Occupational and Environmental Medicine, University
and Regional Laboratories Region Scania, SE 221 85 Lund, Sweden.

E-mail address: camilla.dahlqvist@med.lu.se (C. Dahlqvist).
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well suited for measuring exposure before and after changes in
content and/or duration of work tasks and changes in the use of
work stations, as well as when interventions, e.g. improved work-
ing techniques or use of new technical appliances, are implemented
(Arvidsson et al., 2012; Forsman et al., 2012; Lindegård et al., 2012;
Rislund et al., 2013).

Observational methods have been considered to be cheaper and
easier to use than technical measurements (Winkel and
Mathiassen, 1994), and have often been used to identify the risk
factors for WMSDs. However, quantitative generic information is
difficult to achieve with observational methods and no single
method appears to have a clear advantage over any other (Takala
et al., 2010). Further, different observational methods for catego-
rizing the risks for musculoskeletal complaints often give various
results (Chiasson et al., 2012; Kjellberg et al., 2015). In a recent
study, comparing observations and inclinometer measurements,
Trask et al. concluded; “Since observations were biased, in-
clinometers consistently outperformed observationwhen both bias
and precisionwere included in statistical performance” (Trask et al.,
2014). Moreover, dynamic work is best quantified with technical
measurements (De Looze et al., 1994; Spielholz et al., 2001).

The general opinion about technical measurements is that they
are time consuming, require expensive equipment and also de-
mand technical knowledge to perform, and are therefore not suit-
able for actors in the work environment field, such as the
occupational health services (David, 2005; van der Beek and Frings-
Dresen, 1998). These actors need systematic and objective methods
for their risk assessements that are user-friendly and cost effective
(Kwak et al., 2011; Swedish Work Environment Authority, 2012),
and until now, technical measurements have been considered to be
too time-consuming and expensive. However, there are a number
of low-cost (about $100e$300) technical devices available nowa-
days, used for monitoring human motions (Korshøj et al., 2014;
Skotte et al., 2014; Yang and Hsu, 2010). This new generation of
accelerometers with integrated data loggers would be an alterna-
tive to previous devices, since they do not have to be connected to a
separate data logger. Still, the software for handling the data from
some of these devices are rather time consuming and complicated,
which makes the spreading to practioners limited. In addition to
this study of validation, we have developed a protocol and user-
friendly software, where the analysis process is fully automated
as opposed to hitherto used software, and which give the same
parameters of postures and movements as in scientific reports. The
software for analysing data recorded with these new accelerome-
ters is free to receive after contact with the authors (Forsman et al.,
2015). With these improvements, actors in the work environment
field will be able to use objective methods for ergonomic risk as-
sessments. More feasible objectivemethods formeasuring postures
and movements during work may also extend the use of them
among researchers, and thereby contribute to increase the knowl-
edge about the relationship between exposure and WMSDs.

The main aim of the present study was to validate one model of
the new generation of the small, low-cost and user-friendly triaxial
accelerometers with integrated loggers by comparing the derived
inclination angles and angular velocities against a previously vali-
dated traditional triaxial accelerometer using a data logger
(Bernmark and Wiktorin, 2002; Hansson et al., 2001) in terms of
accuracy and precision for using it as an objective method for
measuring postures and movements during work. For further
simplification of technical measurements, a second aim was to
examine the methodological significance of a plain reference
posture compared to our current, by comparing derived inclination
angles and percentage of time above certain arm elevations when
using plain reference postures, i.e. reference postures that are easy
to perform, for which no extra material is needed, with

corresponding data when using our current standardised reference
posturewhere a dumbbell and a chair is used (Hansson et al., 2006).

2. Material and methods

2.1. Subjects

Twelve right-handed participants, six women and six men,
participated in the study. For the women, the median age was 36
year (range 28e57), height 169 cm (156e172) and weight 61 kg
(59e72) and corresponding data for the menwere 39 year (21e57),
height 180 cm (175e185) and weight 80 kg (70e110). The study has
been approved by the Regional Ethics Committee in Lund (Dnr
Etik:H15 2013/708), and all participants gave their written
informed consent.

2.2. Study design

Each participant performed four different five-minute tasks in a
random order with an approximate one-minute break between the
work tasks. The tasks were: simulated painting work, simulated
computer work, simulated furniture polishing work and rest with
elevated, supported arms (Fig. 1). The tasks were selected to
represent different combinations of high/low angles and high/low
velocities and were used for comparison of data between the new
accelerometers and the validated accelerometers. Each participant
was instructed how the different work tasks should be performed.
The participants also performed two plain reference postures for
the upper arms (see below).

2.3. Methods

Postures and movements for the head, the upper back and both
upper arms were collected using two different models of triaxial
accelerometers. Four small, low-cost devices (5.0 � 2.4 � 1.3 cm)
containing a triaxial accelerometer, 2 Gbmemory for data logging, a
female micro USB-connector and a rechearable battery (USB
Accelerometer Model X8M-3 Mini, Gulf Coast Data Concepts, LLC,
Waveland, MS, USA, “GC-inclinometer”1) and 4 validated acceler-
ometers (Logger Teknologi HB, Åkarp, Sweden, “LT-inclinometer”)
in combination with a data logger (Logger Teknologi HB, Åkarp,
Sweden) with a sampling frequency of 20 Hz (Hansson et al., 2001,
2003) were used. The sampling frequency for the GC-inclinometers
was set to 25 Hz in an initiating text file. Four GC-inclinometers
were tested for drift during 5.5 h and the maximum drift in any
axis for the GC-inclinometers was 0.005 g, and the noise level, in
the band 0e5 Hz, was 0.007 g. The mean absolute accuracy for the
LT-inclinometers is 1.3� and the reproducibility is 0.2� (Hansson
et al., 2001). The dynamic range is ±8 g for the GC-inclinometers
and ±2 g for the LT-inclinometers.

One LT-inclinometer was fixed with double-sided adhesive tape,
to each of the four GC-inclinometers. The GC-inclinometers were
started one by one by holding a magnet near the USB-connector for
1 e 2 s. A LED verified that the logging had started. For synchro-
nization of the 4 GC-inclinometers, the 4 pairs of inclinometers
were put on a table and were rapidly pushed back and forth with
one hand for 1 s. The time for the beginning of the pushing was
noted. The pairs were then mounted, with double-sided adhesive
tape, to the middle of the forehead just above the eyebrows, to the

1 Inclination is the angle relative to the line of gravity and the term inclinometer
is used when measuring postures of different body parts. This measurement may be
done by using triaxial accelerometers that registers force-signals of gravity and
acceleration.
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upper back to the right of the spine at the level of C7, and to both
upper arms just below the insertion of the deltoid muscle (Fig. 2).
These locations are commonly used, and the same as we use in our
field measurements and it is likely that the inclinometers are not
exactly parallel to e.g. the upper arm bone. By recording of a
reference posture (defining 0� of inclination) the inclinationmay be

calculated as the angle in relation to the reference posture
(Hansson et al., 2006). All pairs were fixed with Tegaderm™ (3M
Health Care, St Paul, MN, USA). After mounting, the LT-inclinometer
logger was started and the time was noted.

The measurements started with recording of 5 toe jumps and
continued with the reference posture for the head and back (0�

inclination), performed with the subject standing upright and
looking straight ahead into a mirror. The forward direction was
recorded with the subject sitting, leaning forward, looking at the
floor. The reference posture for each upper arm (0� elevation) was
performed with the subject seated, with the side of the body
leaning towards the back of a chair, and the arm hanging perpen-
dicular over the back of the chair, with a 2-kg dumbbell in the hand
(Hansson et al., 2006). These reference postures and forward di-
rection are the same as we use in our field measurements (Hansson
et al., 2010). All postures during the recordings were calculated in
relation to these reference postures. The recording continued with
the performance of the 4 work tasks, followed by the performance
of 2 alternative, plain reference postures (posture 1 and posture 2)
for the upper arms, giving a total recording duration of approxi-
mately 40 min. Posture 1 was performed with the subject standing
upright, leaning to the right (or left) with the arm hanging
perpendicular towards the floor with extended elbow and fingers,
and with the wrist in neutral position. Posture 2 was performed as
posture 1, but with relaxed fingers and hand (Fig. 3). The instructor
showed the subjects how these postures should be performed. The
collected data from the two different inclinometer models were
then transferred to a computer, one file containing the data from
the LT-inclinometers and 4 files, transferred via the USB-connector,
containing the data from the GC-inclinometers.

2.4. Data processing

The LT-inclinometer data were processed in EMINGO, a pro-
gramme for analysing field recordings of ElectroMyography,
INclinometry and GOniometry developed at Occupational and
Environmental Medicine, Lund, Sweden: the data files are low-pass
filtered (5 Hz), and calibration values generated at a previous
recording (stored in a text file and used by the EMINGO programme
during the analysis process) for þ1 g and �1 g for all three axes for
each inclinometer is used for calibration. The co-ordinates from the

Fig. 1. The four different tasks. A ¼ simulated painting work, B ¼ simulated computer work, C ¼ simulated furniture polishing work and D ¼ rest with elevated, supported arms.

Fig. 2. The placement and size of three of the four pairs of inclinometers including one
inclinometer with an integrated data logger (GC-inclinometer) and one validated
inclinometer (LT-inclinometer). The black inclinometer is the GC-inclinometer and the
white inclinometer with a cable is the LT-inclinometer. The fourth pair is located on the
left upper arm.
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inclinometers are transformed to the body segment and a second
transformation is also performed where the co-ordinates of the
body segment are transformed to spherical co-ordinates. These
spherical co-ordinates represents, e.g. for the head, the extent and
the direction of the inclination (Hansson et al., 2001, 2006). The
reference postures, used for deriving angles in relation to them, for
all body parts and forward directions for head and back were
marked in the files. The start and end time for each of the 4
different work tasks were written in text files. The recordings were
then analysed, deriving the 1st, 10th, 50th, 90th and 99th percen-
tiles of the angular distributions of head and back forward/back-
ward inclination and upper arm elevation, the percentage of time
with the arms elevatedmore than 30�, 60� and 90�, and the median
of the forward/backward angular velocity distributions of head and
back and the generalized angular velocity distributions for the
upper arms (summary measures). These measures were computed
for the 4 work tasks.

The signals from the GC-inclinometers were preprocessed in
MATLAB (version 8.2, MathWorks INC., Natick, MA, USA). The four
GC-inclinometers were synchronized to each other by using the
rapid pushing back and forth (or using the 5 toe jumps, for the 1
recording where the rapid pushing back and forth was forgotten) in
the beginning of each file (see above), and then digitally resampled
to 20 Hz. The data files were then fused into one file and the
remaining processing was made in EMINGO and, as for the LT-
inclinometers, previously generated calibration values were used.
The first step was to inspect the recording visually, and if necessary,
adjust the starting time of the GC-inclinometer recording so that
the starting time for the pushing back and forth, or the toe jumps,
coincided with the noted time. The GC-inclinometer recording was
then processed and analysed in the same way as the LT-
inclinometer recording, deriving summary measures and the me-
dian angular velocity for the 4 work tasks and the 4 body parts. To

assess the overall differences and the systematic differences be-
tween the inclinometers, the mean root-mean-square differences
(RMSDs), and the mean differences (GC minus LT), for the 12 par-
ticipants between the summarymeasures from the LT-inclinometer
recording and the summary measures from the GC-inclinometer
recordingwere calculated for the 4work tasks and the 4 body parts.

For calculation of the sample by sample Pearson's correlations
and differences between the two inclinometer models, the low-
pass filtered (5 Hz) data files generated in EMINGO with a fre-
quency of 20 Hz and containing data of all samples of the recording
of forward/backward inclination angles for head and back and
elevation angles for upper arms were used. The comparison of data
files originating from separate pairs of inclinometers was made in
MATLAB, and the cross-correlation function was used (Bendat and
Piersol, 2000; Jonsson et al., 2011). Hence, one of the signals was
stepwise delayed, and for each delay a correlation factor was
computed. The maximum correlation coefficient was then used for
comparison of similarity. The correlation coefficient and the mean
sample by sample RMSDs were calculated for the 12 participants
for the 4 work tasks and the 4 body parts.

For comparison between the standardised reference posture
and postures 1 and 2 for the upper arms, the recordings from the
GC-inclinometers were used. Inclination angles for postures 1 and 2
were derived for evaluation of the deviation of these postures from
the standardised reference posture. In the next step, the same
recording was used twice; one time with the standardised refer-
ence posture as the reference and one time with one of the new
postures as the reference. New summary measures with one of the
new postures as reference were derived, and the differences be-
tween these summary measures and those obtained with the
standardized reference posture were calculated.

Fig. 3. The three different reference postures. A ¼ standardised reference posture and 2 alternative, plain reference postures; B ¼ posture 1 and C ¼ posture 2.
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2.5. Statistical analysis

The statistical analysis was conducted in IBM SPSS Statistics
Version 22 (SPSS, Chigago, IL, USA). A p-value of <0.05 (two-
tailed) was considered significant. Comparisons between group
means were performed using t-test and a confidence interval of
95% (CI95).

3. Results

3.1. Angular distributions

The mean RMSDs between the GC-inclinometers and the LT-
inclinometers for the 12 participants are shown for the 4 work
tasks and the 4 body parts at 1st, 10th, 50th, 90th and 99th per-
centiles of the angular distributions in Table 1. The highest mean
RMSDs, 2.4�, were seen for the left arm in simulated paintingwork
at the 90th and 99th percentiles of the angular distribution. All
other tasks and body parts at all percentiles of the distribution,
gave a mean RMSD <1.7�. There were statistically significant dif-
ferences (GC minus LT) for i.a. the left arm in simulated painting
work, where the differences for the 90th and 99th percentiles
were �2.4� (CI95 -3.1� e -1.6�) and -2.4� (CI95 -3.1� e -1.7�),
respectively.

3.2. Percentage of time

The mean RMSDs of the percentage of time between the GC-
inclinometers and the LT-inclinometers for the 12 participants
for the 4 work tasks and for upper arm elevation above 30�, 60�

and 90� were <1.3%time (Table 1). There were small, but statisti-
cally significant differences (GC minus LT) for 7 of the 24 differ-
ences, e.g. for the right and left arm elevation above 60� in
simulated painting work, where the mean differences were, for
the right arm elevation -0.2%time (CI95 -0.3%time e -0.1%time),
and for the left -1.0%time (CI95 -1.4%time e -0.7%time).

3.3. Angular velocity

The mean RMSDs of the median angular velocity distribution
between the GC-inclinometers and the LT-inclinometers for the 12
participants for the 4 work tasks and the 4 body parts were <5.0
�/s. There were statistically significant differences (GC minus LT)
for most of the different body parts and work tasks, with the
highest difference for the left arm in rest with elevated, supported
arms, with a mean of 5.0 �/s (CI95 4.8 �/s e 5.2 �/s). The median
velocities for the LT-inclinometers ranged from 1.2�/s for the head
in rest with elevated, supported arms to 108�/s for the right arm in
simulated furniture polishing.

3.4. Sample by sample correlations and differences

The mean and minimum cross correlation coefficients and the
mean sample by sample RMSDs between the GC-inclinometers
and the LT-inclinometers for the 12 participants are shown for
the 4 work tasks and the 4 body parts in Table 2. The mean cor-
relations for the 4 work tasks and the 4 body parts were >0.98,
except for rest with elevated, supported arms where the mean
correlation across body parts ranged between 0.91 and 0.98. This
work task was very static, the median angular velocities were <5
�/s (not in table), resulting in low minimum correlations for back
and both upper arms (range between 0.58 and 0.78, Table 2).
Further, the mean sample by sample RMSDs were <2.5� for all
work tasks and body parts. An illustration of a representative
correlation between a single pair of inclinometers derived from a Ta
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measurement of forward/backward inclination angles for head is
shown in Fig. 4. In this example, the correlation between the signals
was 0.997 and the sample by sample RMSD was 2.6�.

3.5. Reference postures for upper arms

For the right arm and the 12 participants, the mean RMSDs in
relation to the standardised reference posture were, 5.8� (SD 2.0�,
range 2.4� e 9.9�) for posture 1, and 5.3� (SD 2.5�, 1.0� e 8.0�) for
posture 2. For the left arm, the corresponding differences were, 8.3�

(SD 3.2�, 2.8� e 14.0�) for posture 1, and 8.5� (SD 2.5�, 4.9� e 12.1�)
for posture 2.

The differences for posture 1 and 2 in relation to the stand-
ardised reference posture were very similar. Posture 2 was
considered to be the easier one to perform, since the hand was

relaxed and was therefore chosen as an alternative reference
posture. The mean RMSDs between the results when posture 2 was
used as reference posture and the results when the standardised
reference posture was used as reference posture for the 12 partic-
ipants are shown for the 4 work tasks and for both upper arms at
1st, 10th, 50th, 90th and 99th percentiles of the angular distribu-
tions and for the percentage of time above 30�, 60� and 90� in
Table 3. The mean RMSDs of the angular distributions were more
than twice as high for the left arm than for the right arm in rest
with elevated, supported arms. Further, the overall mean RMSD
across work tasks was 3� for the right arm and 4� for the left.
Corresponding differences between the GC-inclinometer and the
LT-inclinometer (Table 1) was 0.7� for both right and left arm. There
were no statistically significant differences for any of the percen-
tiles for the 4 work tasks of right arm, e.g. the rest with supported,
elevated arms, with a difference of -1.0� (CI95 -2.9�� 1.0�) for the
99th percentile. Contrary, for the left arm, the higher percentiles for
3 of the work tasks and all percentiles for rest with elevated, sup-
ported arms were statistical significant. The highest mean differ-
ence for this task was seen for the 99th percentile; -6.0� (CI95
-8.1�� -3.9�). Moreover, the mean RMSDs for the percentage of
time above 30� in simulated computer work for both upper arms
for the recording when posture 2 was used as reference, were
approximately 25% of the time percentages measured with the
recording when the standardised reference was used. The corre-
sponding differences between the GC-inclinometers and the LT-
inclinometers (Table 1) was approximately 1% of the time
percentages.

4. Discussion

In this study of validating a small, low-cost and user-friendly
accelerometer with integrated datalogger against a validated
accelerometer during different work tasks, the mean RMSDs be-
tween the two devices were similar for percentiles of inclination
angles (<2.5�) and for the percentage of time above certain arm
elevations (<1.5 %time). Further, the mean RMSD of the median
velocity was also similar (<5 �/s). Compared to the standardized
reference posture, the plain reference posture showed rather high
overall mean RMSD across work tasks in percentile values, 3� for
the right arm and 4� for the left one, in relation to the overall
RMSDs across work tasks between the two devices (0.7� and 0.7�,
respectively).

Inclinometers in general, determine their tilt angle relative the
vector that is the sum of gravity and the dynamic accelerations;
during more rapid motions this vector does not coincide with
gravity, and a principal error is introduced. It was concluded in a
study by Bernmark and Wiktorin, that the LT-inclinometer was not
influenced by dynamic accelerations at slow (0.1 Hz) rates of arm
swings; the curves from the LT-inclinometer and the optoelectric
measuring system “coincided”. For very fast (0.75 Hz) arm swings,
the curves differed more; the LT-inclinometer was “influenced by

Table 2
Mean and minimum (min) cross correlation coefficients and the mean and maximum (max) sample by sample RMS differences (RMSDs; �) for the 12 participants for the 4
work tasks and the 4 body parts.

Painting Computer work Furniture polishing Rest with elevated, supported arms

Head Back R arm L arm Head Back R arm L arm Head Back R arm L arm Head Back R arm L arm

Correlation
mean 0.999 0.997 0.996 0.999 0.995 0.987 0.989 0.994 0.998 0.992 0.982 0.998 0.977 0.944 0.907 0.945
min 0.997 0.995 0.991 0.995 0.980 0.972 0.957 0.986 0.997 0.974 0.954 0.996 0.920 0.776 0.578 0.764
RMSD (�)
mean 1.8 0.9 1.3 2.0 1.3 0.7 0.7 0.7 1.6 1.5 2.4 1.2 1.4 0.6 1.6 0.8
max 3.1 1.3 2.3 3.2 3.5 1.1 1.4 1.3 3.3 2.0 4.6 1.6 3.4 1.2 3.4 1.8

Fig. 4. Signals from a single pair of inclinometers, including one LT-inclinometer and
one GC-inclinometer, mounted on the head on one of the twelve subjects. The signals
show the angles during work simulation and are selected from 48 measurements
obtained from 4 separate pairs of inclinometers/participant from 12 participants. The
blown up part is half a minute of the recording. The red signal ¼ LT-inclinometer and
the blue signal ¼ GC-inclinometer. A ¼ simulated painting work, B ¼ simulated
computer work, C ¼ simulated furniture polishing work and D ¼ rest with elevated,
supported arms. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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dynamic accelerations [that] altered the direction of the total ac-
celeration and caused a deviation from the vertical line” (Bernmark
and Wiktorin, 2002). Also, in a recent study, Korshøj et al.
concluded that the root-mean-square error (RMSE) values of
inclination, at slow (0.125 Hz) and intermediate (0.25 Hz) fre-
quencies, and for most of the simulated work tasks, between a
triaxial accelerometer and a magnetic tracking device were “in
close agreement”. However, the inclination estimated by the
triaxial accelerometer at high (0.5 Hz) frequency deviated from the
reference measurements, where RMSE values up to ~10� were
noted (Korshøj et al., 2014). In the current study, the frequency of
large movements was highest for the simulated painting work and
was estimated to 0.25e0.5 Hz.

It has been suggested that the mounting of the inclinometers
may introduce a methodological error, such as underestimating
upper arm elevation. This may be due to that the relative position of
the inclinometer to the underlying bone, will change throughout
the range of motion, to different extents at different arm elevations,
i.e. soft tissue artifact. In a recent study, Jackson et al. showed an
underestimation of about 10� at instructed arm elevations of 90�

(Jackson et al., 2015). However, our experience shows a difference
of <1� at instructed arm elevations of 90� (Hansson, 2015). In the
current study, we followed the same instructions for arm elevations
of 90� as in those 80 measurements that Hansson referred to in his
Letter to the editor (Hansson, 2015). These instructions differ from
those performed in Jackson et al. The arm elevations of 90� in
Jackson and coworkers study was performed with the arms
abducted, while the arm elevations in the current study (and in all
our studies), were performed with the arms abducted, but some-
what flexed (20�e30�). There were also differences in the perfor-
mance of the reference posture. Jackson and coworkers asked their
subjects to sit, leaning to the right with the arm hanging vertically,
while the subjects in the current study were asked to sit, with the
side of the body leaning towards the back of a chair, and the arm
hanging perpendicular over the back of the chair. Other method-
ological errors may also be introduced when using different sam-
pling frequencies and filters when processing accelerometer data
and calculating the summary measures.

As the signals from the GC-inclinometers and the LT-
inclinometers of compared inclinometers were sampled and
stored separately, with only manual synchronization, there were
differences in the times arriving from the noted start times, which
was used to define the time interval for the computation of the
summary measures. Further, the reference postures for the GC- and
LT-inclinometer recordings were marked separately in the two
different inclinometer recordings, and were therefore not exactly
the same. When comparing the start times for the toe jumps, the

time differences between the two recordings for the 12 subjects
were <1.2 s. This maximal time difference is negligible for the
summary measures, since the work task durations were about
300 s. This maximal time difference is also well below the 5 e 7 s
that the reference postures were held. Thus, the time differences
have, if any, only a marginal impact on the summary measures and
the reference postures.

The different work tasks were selected to accomplish a wide
range of postures and movements. With these tasks, the GC-
inclinometers were tested in different combinations of high/low
angles and high/low velocities in order to find out if they influenced
the overall differences. The mean RMSDs for the 12 subjects for the
4 work tasks and the 4 body parts were <1.7� for the angular dis-
tributions, except for the left arm in the simulated painting work,
where the left arm showed mean RMSDs of 2.4� for the high per-
centiles (90th and 99th; Table 1). When scrutinizing the data, this
task and this body part showed a combination of high angles and
high velocity (71 �/s). Other combinations, e.g. high angles and low
velocity, i.e. the left arm in rest with elevated, supported arms,
showed a lower mean RMSD, on average 0.7� for the high per-
centiles. An additional combination, e.g. low angles and high ve-
locity (108 �/s) was seen for the right arm in the simulated furniture
polishing, where the mean RMSD was 0.5� for the high percentiles.
High angular velocities in combination with high angles at the
same time resulted in deviating values for the high angles when
measuring with the GC-inclinometer compared to the LT-
inclinometer.

The GC-inclinometers showed significant differences of the
inclination and the median angular velocity compared to the LT-
inclinometers for some occasions, where the most conspicuous
were seen for the high percentiles of the inclination for the left arm
in simulated painting work and for the median angular velocity for
the left arm in rest with elevated, supported arms. Still, the dif-
ferences for the percentiles across tasks and body parts between
the GC-inclinometers and the LT-inclinometers, are smaller
compared to methodological errors, e.g. soft tissue artifacts (10�).
The differences are also below relevant differences that can be seen
between occupational groups; it was shown in an earlier study by
Hansson et al., that the head flexion and the arm elevation varied
between 9� and 63� and 49� � 124�, respectively, in 43 types of
work (Hansson et al., 2010). Further, the present differences of the
arm elevation are also less than the between-days and between-
subjects variability (3.4� and 4.0�, respectively) that has been
seen during strictly standardized work tasks (Hansson et al., 2006).

The correlations between paired readouts in the present study
were >0.98, except for one work task. The lower correlations for
rest with elevated, supported arms across body parts are most

Table 3
Mean RMS differences (RMSDs; �) at the 1st,10th, 50th, 90th and 99th percentiles (�) of the angular distributions, and themean RMSDs of the percentage of time above 30� , 60�

and 90� for the 12 participants and the 4 work tasks for right and left upper arms, between the recording with posture 2 as reference and the recording with the standardised
reference posture as reference. The values for the GC-inclinometer recordings with the standardised reference posture as reference are given within brackets.

Painting Computer work Furniture polishing Rest with elevated, supported
arms

Right arm Left arm Right arm Left arm Right arm Left arm Right arm Left arm

Percentile (�)
1st 3.7 (10.2) 1.6 (6.5) 4.3 (21.8) 3.3 (17.2) 1.0 (2.5) 4.0 (23.7) 2.7 (131.2) 6.4 (135.1)
10th 3.6 (16.6) 2.9 (18.2) 4.2 (24.9) 3.6 (21.1) 1.4 (7.5) 4.7 (34.9) 2.7 (132.6) 6.4 (136.7)
50th 3.5 (30.1) 4.6 (45.5) 4.1 (27.8) 4.2 (26.0) 1.8 (21.6) 5.2 (55.8) 2.6 (134.7) 6.4 (138.8)
90th 3.7 (56.7) 4.8 (92.1) 4.1 (34.0) 4.9 (34.9) 2.2 (42.9) 4.3 (84.4) 2.6 (137.8) 6.5 (141.8)
99th 3.1 (79.3) 4.8 (105.9) 3.4 (49.3) 4.7 (46.9) 2.1 (60.3) 4.6 (101.0) 2.6 (139.4) 6.5 (143.7)
Percentage of time
>30� 10.6 (50.8) 5.1 (68.3) 10.9 (43.8) 11.5 (44.3) 3.8 (29.0) 3.3 (89.9) 0.0 (100.0) 0.0 (100.0)
>60� 1.0 (8.3) 4.4 (33.3) 0.1 (0.5) 0.2 (1.2) 0.3 (2.8) 11.5 (42.7) 0.0 (100.0) 0.0 (100.0)
>90� 0.4 (2.0) 3.0 (14.7) 0.0 (0.1) 0.1 (0.5) 0.0 (0.0) 1.9 (7.4) 0.0 (100.0) 0.0 (100.0)
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likely due to the very low activity. The noise in the separate devices
was “visible” in the output signals and since the noise behaves
irregularly in comparison to each other, the co-variation became
low. Still, the absolute error was low also for this case, <2.5� (c.f.
Table 2). The RMSD and the cross-correlation values complement
each other. The RMSD is a measure of how far away the output
signals are from each other while the cross-correlations is a mea-
sure of howwell they follow each other. In 3 of the 4 tasks, there is a
high cross-correlation value (>0.98) and a low RMSD (<2.5�) for all
body parts. The reason for a lower cross-correlation in the 4th task,
the rest with elevated, supported arms, is discussed above.

The overall mean RMSDs between the percentile values derived
using the plain reference posture and the percentile values derived
using the standardized reference, across work tasks, was 3� for the
right arm and 4� for the left one (derived from Table 3). These
differences are four times higher for the right arm and almost six
times higher for the left, than the corresponding differences be-
tween the GC-inclinometer and the LT-inclinometer, across work
tasks (derived from Table 1). Further, the percentage of time above
30� elevation, differed considerably between the plain reference
posture and the standardized reference posture for both arms
during the computer work (Table 3; 11 %time and 12 %time,
respectively). These differences are most likely due to that this
work was carried out in a small range of elevations of approxi-
mately 20� e 50�, which includes the 30� elevation cut off. The
differences between the plain reference posture and the stan-
dardized reference posture in the current study was 5� for the right
arm and 8� for the left one. The methodological significance of a
plain reference posture had implications on the percentage of time
above certain elevations for this type of work task. Furthermore,
the left arm showed considerable, and statistically significant, dif-
ferences between the two reference postures for all higher per-
centiles of all 4 work tasks, which indicate a non-negligible
difference between the two reference postures.

In addition to this study, we developed a protocol and a user-
friendly software for analysing the recorded data obtained with
the new accelerometers that has been tested by practitioners
(Forsman et al., 2015). The software has the same calculation al-
gorithms as EMINGO and the protocol is basically: “Attach 1 to 4
inclinometers, start each of them when the subject is in the refer-
ence posture position (of that body part). Ask the subject to do 5
jumps and note the time at the first jump. Also note other times, as
those of different tasks, and breaks. Ask the subject to hold the arms
in a 90�-abduction, and to bow forward once”. After the recording,
the accelerometers are connected to a computer. In the user-
friendly software, the user is asked to write the start time for
jump and start and stop time for work. The accelerometers are
synchronized, and the reference postures for the different body
parts are automatically taken as the first couple of seconds of each
recording. The software finds the start of the jumps, analyses the
recording, and immediately presents postures and movements of
the recorded workload in figures and in tables (in an Excel file). The
procedure for measuring and analysing data with this protocol and
software is less time consuming and more user-friendly than for
the validated accelerometers. The estimated time for mounting,
and starting recordings including reference posture measurements,
is about 3 e 5 min, where the corresponding time for the validated
accelerometers, with cables and an external logger, is about 12
e 15 min. The system (accelerometers, protocol and software) give
actors in the work environment field, because of the low costs and
usability, opportunities to objectively measure the workload in
different occupations. This may increase the quality of their risk
assessments. The system may also give clearer support for priori-
tizing actions and clearer evaluations of implemented changes than
observation methods do. The new accelerometers are also better

suited than the validated ones in certain types of work, e.g. work
that is carried out in confined spaces e.g. plumbing; there are no
cables that may get stuck and there is no external data logger that
may be in the way.

5. Conclusions

This model of the new generation of accelerometers with inte-
grated data loggers proved to be fully comparable to a previously
validated traditional triaxial accelerometer using an external data
logger. With this new generation of accelerometers, in combination
with the software and protocol, actors in the work environment
field nowhave a cost effective, user-friendly and scientifically based
objective method available for their risk assessments. The new
accelerometers are also well-suited for researchers to measure
postures and movements during work. However, different types of
new accelerometers may have different properties regarding drift
and noise level, which can contribute to methodological errors.
Therefore we recommend testing other accelerometers concerning
noise level and drift before use. Further investigation is needed in a
larger material for validation of the plain reference posture for the
upper arms.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

This study was supported by AFA Insurance (Dnr: 120237),
Swedish Research Council for Health, Working Life andWelfare, the
Medical Faculty of Lund University, and the County Councils of
Southern Sweden. Skilful technical assistance was given by Ms
Lothy Granqvist.

References

American Conference of Governmental Industrial Hygienists (ACGIH), 2001. In:
Documentation of the Threshold Limit Values for Physical Agents, seventh ed.
(Cincinnati, Ohio).

Arvidsson, I., Balogh, I., Hansson, G.-Å., Ohlsson, K., Åkesson, I., Nordander, C., 2012.
Rationalization in meat cutting e consequences on physical workload. Appl.
Ergon. 43, 1026e1032. http://dx.doi.org/10.1016/j.apergo.2012.03.001.

Bendat, J., Piersol, A., 2000. Random Data: Analysis and Measurement Procedures.
Wiley (Wiley Series in Probability and Mathematical Statistics), New York.

Bernmark, E., Wiktorin, C., 2002. A triaxial accelerometer for measuring arm
movements. Appl. Ergon. 33, 541e547. http://dx.doi.org/10.1016/S0003-
6870(02)00072-8.

Chiasson, M.-�E., Imbeau, D., Aubry, K., Delisle, A., 2012. Comparing the results of
eight methods used to evaluate risk factors associated with musculoskeletal
disorders. Int. J. Ind. Ergon. 42, 478e488. http://dx.doi.org/10.1016/j.ergon.2012.
07.003.

da Costa, B.R., Vieira, E.R., 2010. Risk factors for work-related musculoskeletal dis-
orders: a systematic review of recent longitudinal studies. Am. J. Ind. Med. 53,
285e323. http://dx.doi.org/10.1002/ajim.20750.

David, G.C., 2005. Ergonomic methods for assessing exposure to risk factors for
work-related musculoskeletal disorders. Occup. Med. 55, 190e199. http://dx.
doi.org/10.1093/occmed/kqi082.

De Looze, M.P., Toussaint, H.M., Ensink, J., Mangnus, C., Van Der Beek, A.J., 1994. The
validity of visual observation to assess posture in a laboratory-simulated,
manual material handling task. Ergonomics 37, 1335e1343. http://dx.doi.org/
10.1080/00140139408964912.

European Agency for Safety and Health at Work, 2010. OSH in Figures: Work-related
Musculoskeletal Disorders in the EU d Facts and Figures, Luxembourg,
pp. 103e150.

Forsman, M., Bernmark, E., Nilsson, B., Pousette, S., Mathiassen, S.E., 2012. Partici-
pative development of packages in the food industryeevaluation of ergonomics
and productivity by objective measurements. Work (Reading, Mass.) 41
(Suppl. l), 1751e1755. http://dx.doi.org/10.3233/wor-2012-0380-1751.

Forsman, M., Dahlqvist, C., Yang, L., Wahlstr€om, J., Hansson, G.-Å., 2015. Ny
f€orenklad metod f€or heldagsm€atningar av arbetsst€allningar och r€orelser f€or
huvud, nacke, rygg och €overarmar e validitet och anv€andbarhet [A new
simplified method for whole-day measurements of postures and movements of

C. Dahlqvist et al. / Applied Ergonomics 55 (2016) 108e116 115



head, neck, back and both upper arms e validity and usability]. Karolinska
Institutet, Stockholm, Sverige. https://www.afaforsakring.se/forskning/
projektkatalog/DownloadReport/?id¼2512.

Hansson, G.-Å., 2015. Letter to the editor. Appl. Ergon. 48, 109e110. http://dx.doi.
org/10.1016/j.apergo.2014.11.011.

Hansson, G.-Å., Balogh, I., Ohlsson, K., Granqvist, L., Nordander, C., Arvidsson, I.,
Åkesson, I., Unge, J., Rittner, R., Str€omberg, U., Skerfving, S., 2010. Physical
workload in various types of work: part II. Neck, shoulder and upper arm. Int. J.
Ind. Ergon. 40, 267e281. http://dx.doi.org/10.1016/j.ergon.2009.11.002.

Hansson, G., Asterland, P., Holmer, N.G., Skerfving, S., 2001. Validity and reliability of
triaxial accelerometers for inclinometry in posture analysis. Med. Biol. Eng.
Comput. 39, 405e413. http://dx.doi.org/10.1007/BF02345361.

Hansson, G.A., Arvidsson, I., Ohlsson, K., Nordander, C., Mathiassen, S.E.,
Skerfving, S., Balogh, I., 2006. Precision of measurements of physical workload
during standardised manual handling. Part II: inclinometry of head, upper back,
neck and upper arms. J. Electromyogr. Kinesiol. 16, 125e136. http://dx.doi.org/
10.1016/j.jelekin.2005.06.009.

Hansson, G.A., Asterland, P., Kellerman, M., 2003. Modular data logger system for
physical workload measurements. Ergonomics 46, 407e415. http://dx.doi.org/
10.1080/0014013021000034920.

Jackson, J.A., Mathiassen, S.E., Wahlstr€om, J., Liv, P., Forsman, M., 2015. Is what you
see what you get? Standard inclinometry of set upper arm elevation angles.
Appl. Ergon. 47, 242e252. http://dx.doi.org/10.1016/j.apergo.2014.08.014.

Jonsson, P., Johnson, P.W., Hagberg, M., Forsman, M., 2011. Thumb joint movement
and muscular activity during mobile phone texting e a methodological study.
J. Electromyogr. Kinesiol. 21, 363e370. http://dx.doi.org/10.1016/j.jelekin.2010.
10.007.

Kjellberg, K., Lindberg, P., Nyman, T., Palm, P., Rhen, I.-M., Eliasson, K., Carlsson, R.,
Balliu, N., Forsman, M., 2015. Comparisons of six observational methods for risk
assessment of repetitive work - results from consensus assessment. In: Pro-
ceedings 19th Triennial Congress of the IEA, Melbourne, Australia.

Korshøj, M., Skotte, J.H., Christiansen, C.S., Mortensen, P., Kristiansen, J., Hanisch, C.,
Ingebrigtsen, J., Holtermann, A., 2014. Validity of the Acti4 software using
ActiGraph GT3Xþaccelerometer for recording of arm and upper body inclina-
tion in simulated work tasks. Ergonomics 57, 247e253. http://dx.doi.org/10.
1080/00140139.2013.869358.

Kwak, L., Proper, K.I., Hagstromer, M., Sjostrom, M., 2011. The repeatability and
validity of questionnaires assessing occupational physical activityea systematic
review. Scand. J. Work Environ. Health 37, 6e29.

Lindegård, A., Gustafsson, M., Hansson, G.Å., 2012. Effects of prismatic glasses
including optometric correction on head and neck kinematics, perceived
exertion and comfort during dental work in the oral cavity e a randomised
controlled intervention. Appl. Ergon. 43, 246e253. http://dx.doi.org/10.1016/j.
apergo.2011.05.011.

National Institute for Occupational Safety and Health (NIOSH), 1997. Musculoskel-
etal Disorders and Workplace Factors e a Critical Review of Epidemiologic
Evidence for Work-related Musculoskeletal Disorders of the Neck, Upper Ex-
tremity, and Low Back Publication No. 97e141.

National Research Council (NRC), 1999. Work-related Muscuoskeletal Disorders.
Nordander, C., Ohlsson, K., Åkesson, I., Arvidsson, I., Balogh, I., Hansson, G.-Å.,

Str€omberg, U., Rittner, R., Skerfving, S., 2009. Risk of musculoskeletal disorders

among females and males in repetitive/constrained work. Ergonomics 52,
1226e1239. http://dx.doi.org/10.1080/00140130903056071.

Nordander, C., Ohlsson, K., Åkesson, I., Arvidsson, I., Balogh, I., Hansson, G.-Å.,
Str€omberg, U., Rittner, R., Skerfving, S., 2013. Exposureeresponse relationships
in work-related musculoskeletal disorders in elbows and hands e a synthesis of
group-level data on exposure and response obtained using uniform methods of
data collection. Appl. Ergon. 44, 241e253. http://dx.doi.org/10.1016/j.apergo.
2012.07.009.

Paoli, P., Merlli�e, D., 2001. Ten Years of Working Conditions in the European Union.
European Foundation for the Improvement of Living and Working Conditions,
Dublin, Ireland.

Rislund, C., Hemph€al€a, H., Hansson, G.-Å., Balogh, I., 2013. Evaluation of three
principles for forklift steering: effects on physical workload. Int. J. Ind. Ergon.
43, 249e256. http://dx.doi.org/10.1016/j.ergon.2013.04.011.

Skotte, J., Korshoj, M., Kristiansen, J., Hanisch, C., Holtermann, A., 2014. Detection of
physical activity types using triaxial accelerometers. J. Phys. Activity Health 11,
76e84. http://dx.doi.org/10.1123/jpah.2011-0347.

Spielholz, P., Silverstein, B., Morgan, M., Checkoway, H., Kaufman, J., 2001. Com-
parison of self-report, video observation and direct measurement methods for
upper extremity musculoskeletal disorder physical risk factors. Ergonomics 44,
588e613. http://dx.doi.org/10.1080/00140130118050.

Staal, J.B., de Bie, R.A., Hendriks, E.J.M., 2007. Aetiology and management of work-
related upper extremity disorders. Best Pract. Res. Clin. Rheumatol. 21,
123e133. http://dx.doi.org/10.1016/j.berh.2006.09.001.

Swedish Work Environment Authority, 2012. Belastningsergonomi (AFS 2012:2),
f€oreskrifter [Ergonomics (AFS 2012:2), Regulations], Stockholm. https://www.
av.se/globalassets/filer/publikationer/foreskrifter/belastningsergonomi-
foreskrifter-afs2012-2.pdf.

Svendsen, S.W., Bonde, J.P., Mathiassen, S.E., Stengaard-Pedersen, K., Frich, L.H.,
2004. Work related shoulder disorders: quantitative exposure-response re-
lations with reference to arm posture. Occup. Environ. Med. 61, 844e853.
http://dx.doi.org/10.1136/oem.2003.010637.

Takala, E.P., Pehkonen, I., Forsman, M., Hansson, G.A., Mathiassen, S.E.,
Neumann, W.P., Sjogaard, G., Veiersted, K.B., Westgaard, R.H., Winkel, J., 2010.
Systematic evaluation of observational methods assessing biomechanical ex-
posures at work. Scand. J. Work Environ. Health 36, 3e24. http://dx.doi.org/10.
5271/sjweh.2876.

Trask, C., Mathiassen, S.E., Wahlstrom, J., Forsman, M., 2014. Cost-efficient assess-
ment of biomechanical exposure in occupational groups, exemplified by
posture observation and inclinometry. Scand. J. Work Environ. Health 40,
252e265. http://dx.doi.org/10.5271/sjweh.3416.

van der Beek, A.J., Frings-Dresen, M.H.W., 1998. Methodology: assessment of me-
chanical exposure in ergonomic epidemiology. Occup. Environ. Med. 55,
291e299. http://www.jstor.org/stable/27730928.

Winkel, J., Mathiassen, S.E., 1994. Assessment of physical work load in epidemio-
logic studies: concepts, issues and operational considerations. Ergonomics 37,
979e988. http://dx.doi.org/10.1080/00140139408963711.

Yang, C.C., Hsu, Y.L., 2010. A review of accelerometry-based wearable motion de-
tectors for physical activity monitoring. Sensors (Basel, Switzerland) 10,
7772e7788. http://dx.doi.org/10.3390/s100807772.

C. Dahlqvist et al. / Applied Ergonomics 55 (2016) 108e116116





Paper II





Work 59 (2018) 231–242
DOI:10.3233/WOR-172668
IOS Press

231

Comparing two methods to record
maximal voluntary contractions
and different electrode positions
in recordings of forearm extensor muscle
activity: Refining risk assessments
for work-related wrist disorders

Camilla Dahlqvista,∗, Catarina Nordandera, Lothy Granqvista, Mikael Forsmanb
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Abstract.
BACKGROUND: Wrist disorders are common in force demanding industrial repetitive work. Visual assessment of force
demands have a low reliability, instead surface electromyography (EMG) may be used as part of a risk assessment for work-
related wrist disorders. For normalization of EMG recordings, a power grip (hand grip) is often used as maximal voluntary
contraction (MVC) of the forearm extensor muscles. However, the test-retest reproducibility is poor and EMG amplitudes
exceeding 100% have occasionally been recorded during work. An alternative MVC is resisted wrist extension, which may
be more reliable.
OBJECTIVE: To compare hand grip and resisted wrist extension MVCs, in terms of amplitude and reproducibility, and to
examine the effect of electrode positioning.
METHODS: Twelve subjects participated. EMG from right forearm extensors, from four electrode pairs, was recorded
during MVCs, on three separate occasions.
RESULTS: The group mean EMG amplitudes for resisted wrist extension were 1.2–1.7 times greater than those for hand
grip. Resisted wrist extension showed better reproducibility than hand grip.
CONCLUSIONS: The results indicate that the use of resisted wrist extension is a more accurate measurement of maximal
effort of wrist extensor contractions than using hand grip and should increase the precision in EMG recordings from forearm
extensor muscles, which in turn will increase the quality of risk assessments that are based on these.
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1. Introduction

Many occupations require excessive and/or pro-
longed muscular load, which in combination with
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repetitive work, may result in a high frequency of
work-related wrist disorders [1–3]. The frequency
is especially high for females in the assembly
industry, and therefore, interventions in the phys-
ical work stations and in work organisations are
needed, to decrease the risk for development of mus-
culoskeletal disorders. The interventions are based
on risk assessments, and it is important that the
assessments are valid and reliable. Many observa-
tional risk assessment methods have been developed
[4, 5]. However, visual assessments, as well as self-
assessments of force and/or exertion intensity often
show a low reliability [4]. It has been recommended
that technical measurements should replace visual
assessments when feasible [6], and surface elec-
tromyography (EMG) is a technical method that
could be used to obtain quantitative measures of
the forces exerted by the hand. One example of
an observation method where the force assessment
component can be replaced, is the ACGIH thresh-
old limit value (TLV) for hand activity level [7]. The
ACGIH hand activity level includes levels of force
and repetitiveness (used to assess the risk of develop-
ing disorders in the hand, wrist or forearm), and EMG
has been suggested for reliability reasons to deter-
mine the peak force when assessing the hand activity
level, to be compared with the TLV in hand intense
work. Furthermore, a direct association between the
amplitude of muscular activity from EMG measures
and pain has been demonstrated in several studies
[3, 8–10]. Moreover, a low frequency of so called
EMG gaps (short time periods with muscular rest)
and/or a small time proportion with muscular rest,
are associated with work-related musculoskeletal
complaints [8, 11, 12].
The amplitude of EMG recordings differs between

and within subjects carrying out the same working
task [13, 14]. The difference between subjects may
depend on technique, strength and skinfold thickness
[15]. Therefore, large differences are seen between
male and female workers performing the same work-
ing tasks [16, 17]. The difference in measurements
madeonone subject fromoneday to the nextmay also
be influenced by the reproducibility of the electrode
positioning, especially if the electrodes are positioned
close to the innervation zone. Furthermore, to enable
comparison of the muscular activity between sub-
jects, EMG recordings are generally normalized to
a reference contraction [18, 19]. Reference contrac-
tions can be obtained in a variety of postures and
at different loads, e.g. maximal voluntary isometric
contraction (MVC). The highest electrical activity

obtained during the MVC is generally referred to
as the maximal voluntary electrical activity (MVE)
and the muscular load during work is then expressed
as a percentage of the MVE. Work is often carried
out in a variety of arm postures at different loads,
and it is desirable that the reference contraction and
the electrode position are appropriate during all these
conditions.
Variation may be observed in the reference con-

traction of an individual when measured on different
days. In fact, when evaluating the reproducibility of
EMGmeasurements in a laboratory setting, we found
that the muscular activity during work, expressed as
%MVE in the right forearm extensors (Mm. exten-
sor carpi radialis (longus et brevis); ECR), showed
a high intra-individual coefficient of variation of
about 33%. The corresponding variation in non-
normalized data was 16%. For MVE during the
contractions themselves, the coefficient of variation
was 29% [14]. Thus, normalization itself introduces
a variation.
Although the resisted wrist extension may be the

most obvious manner to activate the extensor mus-
cles, many research groups, including ours, elicit
the MVC of the forearm muscles with a power grip
(here referred to as the hand grip) in a mid-pronated
(i.e. neutral) forearm posture [20–22]. This grip can
be used for simultaneous MVCs for both the flexor
and the extensor muscles. However, we occasion-
ally see higher EMG amplitudes during industrial
work than those obtained during theMVC performed
with the maximum hand grip. We also see higher
EMG amplitudes for some subjects when they per-
form a maximal active range of motion of the wrist
in flexion-extension (maximal wrist extension) com-
pared to when performing the MVC with the hand
grip. These observations indicate that the muscles are
not always fully activated during the reference con-
traction. Also the resisted wrist extension has been
used as reference contraction for normalizing the
forearm extensor muscle activity [17, 23–25]. How-
ever, we have considered this contraction to be more
inconvenient to perform in work place recordings
than the hand grip. Thus, there is clearly a need to
re-evaluate the reference contractions.
Additionally, in some professions, such as dental

hygienists [26, 27], a high force pinch grip is frequent.
The impact of pinch grip on EMG from the forearm
extensors has been discussed [28]. It would therefore
be interesting to register both maximal wrist exten-
sion and pinch grip, when using the resisted wrist
extension and the hand grip for normalization.
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The effect of electrode positioning on EMG ampli-
tude is also significant. If a pair of electrodes is
placed symmetrically above the innervation zone, the
recorded amplitude will be reduced, and will also be
sensitive to small movements of the skin [29, 30]. To
improve our knowledge on the location of the inner-
vation zone, it would be interesting to find the motor
point, i.e. the point where the nerve enters into the
muscle, as this presumably is proximal to the inner-
vation zone.
The aim of this study was to compare the ampli-

tude and reproducibility of two different methods of
measuring MVCs of the forearm extensors, and to
examine the effect of electrode positioning on record-
ings of forearm extensor muscle activity.

2. Methods

2.1. Study design and subjects

Twelve right-handed employees at our depart-
ment, six women and six men, without ongoing
upper extremity complaints, participated in the study
(Table 1). The electrical activity of the right forearm
extensors was recorded on three separate occasions,
at least seven days apart. On each occasion, three
MVCs of two different types of contraction (the hand
grip and the resisted wrist extension), and three max-
imal activations of two different types (pinch grip
and maximal wrist extension), were performed, each
followed by a short rest of about half a minute. The
instructor actively encouraged the subject to perform

at their best and they were asked to sustain the
maximum contraction/activation for about 5 seconds.
The subject was seated and body movements were
controlled during each test.
All participants were colleagues at our research

division, and were informed about the study accord-
ing to the Declaration of Helsinki. They were
informed verbally about the procedures, that par-
ticipation was voluntary and that they were free to
discontinue at any time without explanation. They all
gave their verbal consent.

2.2. Electromyography

Mm. extensor carpi radialis longus et brevis (ECR)
were located, in the same way as we do in our work
place recordings, in the right forearm by palpation,
while the subject performed a voluntary contraction
with the forearm pronated. The skin was cleansed
with acetone and rubbed with emery cloth. Two
Ag/AgCl electrodes (Ambu Neuroline 720, Ambu
A/S,Ballerup,Denmark)were applied along themus-
cle fibres, on the skin above the most prominent part
of the muscles, i.e. at approximately one third of
the distance from the epicondylus lateralis humeri
to the processus styloideus ulnae [14]. Three addi-
tional electrodes were applied, two proximally to the
original pair, and one distally, as shown in Fig. 1.
This arrangement of five electrodes (numbered 1 to
5 starting from the elbow) allowed measurements
to be made from four pairs of electrodes, labelled
A to D in Fig. 1. The active diameter of the electrodes
was 6mm, and the centre-to-centre distance 20mm.

Table 1
Characteristics of the six female (F) and six male (M) subjects, their skinfold thickness and maximal exerted force for the two maximal

voluntary contractions (MVCs) and one of the two maximal activations, presented as the mean and standard deviation (SD) of
measurements made on three occasions

Subject Sex Age (year) Height (cm) Weight (kg) Skinfold Force (N)
thickness (mm) Contraction (MVC) Activation

Resisted wrist Hand grip Pinch grip
extension

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

1 F 43 168 61 8.9 (0.6) 78 (2.5) 337 (15) 108 (6.2)
2 F 66 160 63 7.1 (0.1) 48 (6.0) 262 (15) 75 (6.0)
3 F 53 153 51 9.0 (0.3) 64 (3.1) 275 (0) 66 (5.8)
4 F 46 166 71 7.9 (0.3) 82 (4.9) 422 (0) 95 (7.6)
5 F 34 167 60 5.6 (0.4) 89 (2.1) 405 (25) 71 (2.9)
6 F 50 165 57 4.4 (0.2) 57 (4.9) 373 (26) 86 (2.5)
7 M 57 169 72 4.7 (0.4) 114 (4.9) 464 (12) 106 (5.8)
8 M 31 173 62 3.1 (0.1) 112 (3.2) 405 (25) 110 (4.6)
9 M 61 171 81 4.0 (0.3) 121 (4.4) 520 (10) 83 (4.0)
10 M 55 178 73 5.5 (0.2) 112 (1.7) 493 (6) 110 (4.6)
11 M 37 185 74 4.1 (0.1) 137 (8.1) 510 (20) 135 (0.0)
12 M 58 194 90 5.0 (0.2) 104 (7.4) 582 (54) 117 (8.5)
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Fig. 1. Electrode positioning on the right forearm extensor mus-
cles. The electrodes are numbered 1 to 5 starting at the elbow.
The large blue electrode is the ground electrode. The signals were
measured between pairs of electrodes (A-D).

The impedance wasmeasured for each pair, and if the
value was >15 k�, the electrodes were removed and
replaced after repeated skin cleansing. The ground
electrode was placed on the inside of the distal part
of the upper arm.
After performance of the MVCs/activations

described below, the positions of the electrodes were
marked on the forearm with a felt-tip pen before
they were removed. A line was drawn between the
epicondylus lateralis humeri and the processus sty-
loideus radii, and the shortest perpendicular distance
between this line and each electrode was drawn. The
distance from the epicondyle to the projection of
each electrode on the line was measured, as was the
distance between the epicondyle and the styloid.
The signals were amplified, filtered (10–400Hz)

and sampled at a rate of 1024Hz, and stored on
portable data loggers (Logger Teknologi HB, Åkarp,
Sweden) using exchangeable flash-memory cards
[31]. After collection, the data were transferred to
a computer for quality assurance and analysis. The
signal was band-pass (30–400Hz) and notch filtered,
i.e. 50Hz and all harmonics. The root-mean-square
value was calculated for epochs of 0.125 s, and the
noise was subtracted in a power sense [32]. A mov-
ing window with a width of 0.5 s was used to find
the highest EMG activity recorded during the three
contractions and the three activations, for each kind
of contraction and activation [32, 33].

2.3. Maximal voluntary contractions

2.3.1. Resisted wrist extension
The subject was seated with a backrest, with the

upper arm close to the body, the elbow flexed and the
forearm pronated and supported on a table, adjusted

to a comfortable height. The hand was inserted into
a glove that was attached to a sheet of plywood on
the dorsal side of the glove. The middle finger of the
glove went through a metal ring that was mounted on
the underside of the plywood. A non-flexible strap
went through the ring, which was attached to a force
transducer on the floor. The hand was outside the
table while the wrist was supported on the table
(Fig. 2). The subject was asked to attempt to per-
form amaximal extension of thewrist, while thewrist
remained in the neutral position, and carewas taken to
ensure that the sheet of plywood remained horizontal
when the wrist extensors were maximally activated
(Table 1).

2.3.2. Hand grip
The subject performed a maximal isometric grip

around a Jamar hand dynamometer (Sammons Pre-
ston, Bolingbrook, IL, USA) while seated with a
backrest, with the right upper arm close to the body,
with the elbow flexed at 90◦ holding the forearm and
hand without support, in a neutral position (Table 1,
Fig. 2).

2.4. Maximal activations

For the pinch grip, the subject was seated with
the arm unsupported and somewhat forward flexed at
the shoulder, with the elbow flexed to approximately
90◦, holding the forearm in a neutral position. The
wrist was in a functional position (0–30◦ extension,
0–15◦ ulnar deviation, Fig. 2). The examiner handed
a pinch dynamometer (North Coast Medical, Gilroy,
CA, USA) to the subject who was instructed to grip
it by the thumb and the second and third fingers, and
press as hard as possible (Table 1).
For the maximal wrist extension, the subject was

seated with the elbow supported by the table, flexed
at 90◦ (forearm pronated and approximately 45◦
upwards). The wrist was at maximal dorsal flexion,
and the subject was instructed to continue to extend
the wrist as much as possible (Fig. 2).

2.5. Detection of the motor point

The motor point was detected using a transcu-
taneous electrical nerve stimulator (TENS, CEFAR
Medical AB, Lund, Sweden). A carbon rubber elec-
trode, 50× 30mm, was placed on the muscles on the
flexor side of the forearm, and fixed with Mefix®

(Mölnlycke Health Care AB, Gothenburg, Sweden).
The extensor side was shaved, and covered with
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Fig. 2. The maximal voluntary contractions and maximal activations.

electrode gel. A smaller carbon rubber electrode
(18mmindiameter)was held in place on the skin over
themuscle belly. The TENSwas set to low-frequency
stimulation, generating constant current trains of
8 square pulses with a repetition rate of 1.7Hz. The
amplitude was slowly increased while the electrode
was slid up and down, as well as sideways, along the
full length of the muscle. The point at which repeated
extension of the index and/or the middle finger was
observed at the lowest electrical stimulationwas iden-
tified as the motor point. This point was marked, and
the distance to the epicondyle was measured. Finally,
the markings on the arm were photographed to allow
subsequent quality checks.

2.6. Skinfold thickness

The thickness of the subcutaneous tissue was
measured at the area between the electrodes form-
ing pair C, using a skinfold calliper (Harpenden,
British Indicators,West Sussex,UK), according to the
manufacturer’s instructions.

2.7. Data analysis

The quality review of the collected data revealed
no anomalies, and all the data were analysed. Cal-
culations were performed separately for each pair
of electrodes and each type of MVC and maximal
activation. After inspecting the data and finding it
reasonable, the mean EMG amplitude (�V) across
occasions was calculated for each subject, as well as
the group mean of these means.
The standard deviation and the coefficient of vari-

ation (CV: standard deviation/ mean) for the MVCs
were calculated for each subject for the three different
occasions. We then calculated the group mean of the
CVs. To derive a combined measure of goodness, i.e.
the combination of high amplitude and low CV, the
ratio between the groupmeanEMGamplitude and the
groupmeanCV (groupEMGamp/CV)was calculated.
The effect of type of MVC on the EMG ampli-

tude was calculated using a linear mixed regression
model, with a random intercept for each individual
andwithMVCand occasion included as fixed factors.
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A p-value below0.05was considered statistically sig-
nificant. To investigate the retest correlation for the
two different MVCs, the intra class correlation coef-
ficients (ICC) were calculated from the linear mixed
regression models fitted for each type of MVC sep-
arately. Values above 0.6 were considered good or
excellent [34], indicating a low between-days varia-
tionwithin subjects. TheMVCwith the highest group
mean EMGamplitudewas selected. For each subject,
the mean EMG amplitudes for the other MVC and
the maximal activations were normalized to this, and
expressed as %MVE. Then, the group mean EMG
amplitudes for the maximal activations were normal-
ized to both the resisted wrist extension and the hand
grip, and expressed as %MVE. IBM SPSS Statistics
Version 22.0 (SPSS, Chicago, IL, USA) was used for
the statistical analyses.

3. Results

3.1. Maximal voluntary contractions

Thehighest groupmeanEMGamplitudeswere, for
all electrode pairs found for the resisted wrist exten-
sion (Table 2, Fig. 3). These valueswere 1.2–1.7 times
higher than those obtained with the hand grip. The
reproducibility in the resisted wrist extension over the
three occasions, in terms of the group mean CV, was
14–15% for electrode pairs A, B and C, and 22–28%
for the hand grip. For pair D, the corresponding val-
ueswere 21%and 28%, respectively. The groupmean
CVs for force were 5% for the resisted wrist exten-

sion and 4% for the hand grip (derived from Table 1).
The highest group EMGamp/CV ratio (the combined
measure of goodness) over the three occasions was
derived for the resisted wrist extension in all electrode
pairs. Concerning the reliability, in terms of ICC, val-
ues above 0.6 was found in pair A, B and C for the
resisted wrist extension, and in pair A and C for the
hand grip (Table 2).
When the mean EMG amplitudes for the hand

grip was normalized to the mean EMG amplitude
for the resisted wrist extension (expressed as %MVE
of resisted wrist extension) for each participant in all
four electrode pairs, a value greater than 100% was
found for three subjects, two of the subjects in pair B
and D and one in pair C and D (Fig. 4).

3.2. Maximal activations

The pinch grip gave 60–68 %MVE when nor-
malized to the resisted wrist extension, and 74–100
%MVE when normalized to the hand grip. For the
maximal wrist extension, 58–80 %MVE was regis-
teredwhen normalized to the resisted wrist extension,
and 67–121 %MVE when normalized to the hand
grip (Fig. 4).

3.3. Electrode positioning

The group mean EMG amplitudes for the two
MVCs varied considerably with the electrode posi-
tioning (Table 2, Fig. 3). The lowest values were
observed with electrode pair C (the pair used in our

Table 2
Group mean EMG amplitude (EMGamp) from three separate occasions and group mean across these. Group mean CV (CV) and the ratio
between the mean and CV (EMGamp/CV) for the maximal EMG amplitudes for two different contractions (MVCs) obtained using four
different pairs of electrodes in twelve subjects. Statistically significant differences in EMG amplitudes between MVCs, and intraclass

correlation coefficients (ICC), calculated by linear mixed regression models
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Fig. 3. Mean EMG amplitude versus CV for two types of contraction. The EMG amplitude was measured on three separate occasions
using four pairs of electrodes in twelve subjects ( and = the resisted wrist extension, and = the hand grip). The horizontal lines
represent the group mean EMG amplitude and the vertical lines the group mean CV for each type of MVC. The slopes of the lines through
the origin represent the ratio between the group mean EMG amplitude and group mean CV for the twelve participants.

workplace recordings) for the resisted wrist extension
(Table 2), the pinch grip and themaximal wrist exten-
sion (data not shown),while the hand grip showed the
lowest amplitudes for pair A (Table 2). The highest
group mean EMG amplitudes were seen for pair D
for the resisted wrist extension, the hand grip and
the pinch grip, and for pair B for the maximal wrist
extension. The highest group EMGamp/CV ratio was
seen for pair A for the resisted wrist extension and
for pair D for the hand grip.
The electrode positions for participants number

7 and 8 varied >20mm between sessions, i.e. the
electrode pair positions were interchanged (Fig. 5).
These participants also showed high CVs between
sessions.

3.4. Motor point

The median distance from the epicondylus later-
alis humeri to the motor point was 63mm (range
50–73mm), approximately ¼ (range 22–27%) of the
distance between the epicondylus lateralis humeri
and the processus styloideus radii. This was very
close to electrode 2, the one used in pairs A and B
(Fig. 5).

4. Discussion

In this comparison of two MVCs, and four elec-
trode positions, the resisted wrist extension gave the
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Fig. 4. Normalized mean EMG amplitudes. The EMG amplitude was measured on three separate occasions for two types of MVC and
two types of maximal activation using four pairs of electrodes in twelve subjects. The mean EMG amplitudes for the hand grip ( and ,
the pinch grip ( and ), and the maximal wrist extension ( and ), have been normalized to the mean EMG amplitude for the resisted
wrist extension ( and ), and are presented as %MVE. The horizontal lines represent the group mean %MVE.

highest group mean EMG amplitude for all electrode
pairs, and the group mean CV was lower for the
resisted wrist extension than for the hand grip for all
electrode pairs. Furthermore, the group EMGamp/CV
ratio was substantially higher for the resisted wrist
extension than for the hand grip for all electrode pairs.
ICC showed no substantial difference between the
two contractions. Concerning electrode positioning,
the highest group EMGamp/CV ratio in the resisted
wrist extension was observed for pair A, the most
proximal position, and in the hand grip for pair D.
The motor point was located approximately ¼ of the
distance between the epicondylus lateralis humeri
and the processus styloideus radii.

4.1. Maximal voluntary contractions

In the present study, 11 of the 12 subjects exhibited
higher EMG amplitudes with the resisted wrist exten-
sion thanwith the hand grip (Fig. 4; electrode pair C).

This differs from the results reported in a previous
study, where both the resisted wrist extension and the
hand grip were performed [23]. In that study, only 6
of the 11 subjects showed the highest EMG activity
with the resisted wrist extension, while the rest of the
participants showed the highest activitywith the hand
grip. Recalculation of the original data gave an MVE
group mean of 114% when comparing the hand grip
to the resisted wrist extension. In the present study, the
corresponding valuewas 77%,which is in accordance
with the results of a recent study by Meyland et al.,
who reported a value of 79% [17], approximately a
factor of 0.8 for these studies. There is no obvious
explanation for the difference between the present
study and that carried out by Åkesson et al. However,
in the study by Åkesson et al. the hand grip was per-
formed with a supported forearm, which was not the
case in the present study or that by Meyland et al.
The results in the current study are in good agree-

ment with the results in a recent study by Ngo and
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Fig. 5. Distances for right forearm. The distance (mm) from the epicondylus lateralis humeri ( ) to the electrodes ( ), to the motor point
( ) and to the processus styloideus radii ( ), measured on three separate occasions in twelve subjects. The digit given for each participant
is the distance between the epicondylus lateralis humeri and the motor point. The ratio of the median distance between the epicondylus
lateralis humeri and the motor point, and the distance between the epicondylus lateralis humeri and the processus styloideus radii is given
in brackets.

Wells [35]. In their study, the ECR muscles also
showed 1.3 times higher EMG amplitudes for the
resisted wrist extension than the amplitudes obtained
with the hand grip. The subjects in Ngo and Wells´
study performed the resisted wrist extension with
the forearm in a mid-pronated (i.e. neutral) position,
while the subjects in the current study performed it
in a pronated forearm position; the results from these
two studies indicate that the forearm position may be
of less importance when performing the MVC with
the resisted wrist extension. For practical reasons, in
workplace recordings, the resisted wrist extension in a
pronated position may be preferred; especially if also
the activity from the trapezius muscles is recorded.
Then, a force transducer anchored to a heavy metal
plate on the floor, can be used for both muscles.
In general, the ratio between EMG amplitude and

CV, wasmore than twice as high for the resisted wrist
extension as for the hand grip, whereas ICC showed
no substantial differences between the two MVCs.
Altogether, the results of this study show that the
resisted wrist extensionmay be preferred for normal-
ization of the forearm extensor muscles.

4.2. Electrode positioning

The group mean EMG amplitude varied with
the electrode position. The activity in the extensor
muscles may differ considerably depending on the
distance from the IZ, skin movements, arm position
and the influence of surrounding muscles. Barbero
et al. reported that the IZ could be located, starting
from the epicondylus lateralis humeri, between 17%
and 42% of the length of the forearm [36]. In the
present study, lower amplitudes were obtained for
most subjects with electrode pair C, compared to the
other pairs of electrodes for one of the twoMVCs and
for both of the activations studied. It is possible that
these lower amplitudes indicate the location of the
IZ, and in agreement with that reported by Barbero
et al. These facts, in combination with the highest
ratio for the resisted wrist extension being found for
pair A and for the hand grip with pair D, indicate
that our present electrode pair position, pair C, is not
optimal.
The highest EMG amplitudes were seen for pair D

for the resisted wrist extension, the hand grip and the
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pinch grip. However, the reproducibility, in terms of
CV, was low for these MVCs and for the activation.
The reason could be that the electrodes constituting
pair D are placed at the tapered and distal part of the
extensormuscles, and very small changes in electrode
positioning and a shortening of muscle length will
result in higher CVs.
The motor point was located close to electrode 2,

the electrode used in pairs A and B. This location, in
combination with the lower amplitudes in pair C for
one of the two MVCs and both activations, indicates
that the IZ is located distally to the motor point and
should not interferewith the signal given by electrode
pair A. In fact, pair A seems to be located approxi-
mately half-way between the IZ and the attachment of
the extensor muscles on the humerus and could there-
fore be a suitable alternative for electrode positioning.
Variation in electrode positioning may be one fac-

tor that influences the CV.We performed a sensitivity
analysis by excluding the occasion with the most
deviating positions for participant numbers 7 and 8,
which reduced the CVs for both participants on aver-
age by 7% for the four electrode pairs and the MVCs
and activations.

4.3. Limitations

The results presented in this paper are based on
the EMG amplitudes obtained in the laboratory with
well-defined arm postures during specific MVCs and
maximal activations, in contrast to the working situ-
ation, where there is a wide range of arm posture and
wrist angles. The relations between the tested elec-
trode positions in this studymay therefore be different
under real working tasks. The number of participants
in the study was also small. Despite these limitations,
we believe that the results make an important contri-
bution to the discussion on recording forearm EMG.

4.4. Practical implications

Since the resisted wrist extension showed a sub-
stantially higher EMGamp/CV ratio in comparison to
the handgrip, the resisted wrist extensionmaybe used
as MVC in new EMG studies, both in laboratory and
in work place recordings. Although there is not yet
any comparisons performed in work place settings,
it seems as the resisted wrist extension should give
a lower inter- and intra-subject variation in compar-
ison to the hand grip. The present findings should
increase the precision in the measurements, which
would also increase the quality of risk assessments

that are based on EMG measurements from forearm
extensor muscles. This is increasingly important as
technical development make measurements more
feasible also for practitioners [37], and reliable risk
assessments are needed for efficient preventions of
work-related musculoskeletal disorders.
In EMG research, themethod of normalization and

use of MVC versus reference contractions has been a
controversial issue for a long time. We have hitherto
considered the hand grip to be as good as the resisted
wrist extension for recording the MVE of the fore-
arm extensors [23]. However, when normalizing to
the hand grip, we sometimes see unexpectedly large
differences in amplitudes between the right and left
forearm extensors, evenwhen the tasks are performed
bimanually. We suspect that this phenomenon occurs
when the subject only activates the flexors in one of
the forearms, but both flexors and extensors in the
other, when performing the hand grip. By using the
resisted wrist extension instead of the hand grip this
problem might be solved.

5. Conclusions

The best combination of reference contraction and
electrode positioning, in terms of high EMG ampli-
tude, low CV, high group EMGamp/CV ratio and a
good ICC, was found for the resisted wrist extension
with electrode pair A. Hence, the resisted wrist exten-
sionmay be used as MVC in new EMG studies, both
in laboratory and in work place recordings.
This study also indicates that the motor point is

located approximately ¼ of the distance from the epi-
condylus lateralis humeri to the processus styloideus
radii, and that the innervation zone does not inter-
fere with the signal recorded from pair A, i.e. the
most proximal electrode positions. A factor of 0.8
can be used, at group level, for comparisons between
forearmextensormuscle recordings using the resisted
wrist extension and the hand grip as MVCs. Further
studies should be performed during actual work in
work place recordings, including different work tasks
with several different arm positions, to evaluate the
effect of the different ways to performMVC, and the
different electrode positions.
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[23] Åkesson I, Hansson GA, Balogh I, Moritz U, Skerfv-
ing S. Quantifying work load in neck, shoulders and
wrists in female dentists. Int Arch Occup Environ Health
1997;69(6):461-74.

[24] Szeto GPY, Lin JKM. A study of forearm muscle activ-
ity and wrist kinematics in symptomatic office workers
performing mouse-clicking tasks with different precision
and speed demands. Journal of Electromyography andKine-
siology 2011;21(1):59-66.

[25] Elcadi GH, Forsman M, Aasa U, Fahlstrom M, Crenshaw
AG. Shoulder and forearm oxygenation and myoelectric
activity in patients with work-related muscle pain and
healthy subjects. European Journal of Applied Physiology
2013;113(5):1103-15.
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Self-recordings of upper arm elevation
during cleaning – comparison between
analyses using a simplified reference
posture and a standard reference posture
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Abstract

Background: To reduce ergonomic risk factors in terms of awkward and constrained postures and high velocities,
it is important to perform adequate risk assessments. Technical methods provide objective measures of physical
workload. These methods have so far mainly been used by researchers. However, if written instructions how to
apply the sensors and how to adopt the reference posture are provided, together with triaxial accelerometers, it
may be possible for employees to record their own physical workload. The exposure in terms of e.g. upper arm
elevations could then easily be assessed for all workers in a workplace. The main aims of this study were: 1) to
compare analyses for self-recording of upper arm elevation during work using a simplified reference posture versus
using a standard reference posture, and 2) to compare the two reference postures.

Methods: Twenty-eight cleaners attached an accelerometer to their dominant upper arm and adopted a simplified
reference according to a written instruction. They were thereafter instructed by a researcher to adopt a standard
reference. Upper arm elevations were recorded for 2 or 3 days. Each recording was analysed twice; relative to the
simplified reference posture and relative to the standard reference posture. The group means of the differences in
recorded upper arm elevations between simplified and standard reference analyses were assessed using Wilcoxon
signed ranks test. Furthermore, we calculated the group mean of the differences between the simplified reference
posture and the standard reference posture.

Results: For arm elevation during work (50th percentile), the group mean of the differences between the two
analyses was 0.2° (range -7 – 10°). The group mean of the differences between the two references was 9° (range
1 – 21°). The subjects were able to follow the instructions in the protocol and performed self-recording of upper
arm elevation and velocity.

Conclusions: The small difference between the two analyses indicates that recordings performed by employees
themselves are comparable, on a group level, with those performed by researchers. Self-recordings in combination
with action levels would provide employers with a method for risk assessment as a solid basis for prevention of
work-related musculoskeletal disorders.
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Background
Many jobs involve repetitive work, prolonged muscular
load and work performed in awkward and constrained pos-
tures. Such work are known to be risk factors for develop-
ing work-related musculoskeletal disorders (WMSDs) in
the neck/shoulder region, arms, and hands [1–4]. To re-
duce these risks, it is important to perform risk assess-
ments, and to implement organisational and technical
measures when necessary [5]. The reliability of risk assess-
ments is important as this affects the decisions made and
the priorities afforded different interventions [6].
Several kinds of risk assessment methods are available,

such as self-reporting, observational methods and tech-
nical methods, all of which have advantages and disad-
vantages [7]. For example, in self-reporting, which has
the advantage of being practical in large groups, over-
estimation of the workload is common among individ-
uals with pain [8]. Observational methods are often easy
to use and interpret, and give a rough estimate of pos-
tures during work, but results vary between observers
[9]. As observational methods have no common refer-
ences, they tend to give different results when assessing
the risk of developing WMSDs [10, 11]. Technical
methods, on the other hand, provide exact numerical
values for both postures and movements during work,
i.e. upper arm elevation and velocity [12].
There is a commonly held belief that technical

methods require expensive equipment, technical under-
standing and are time-consuming [13]. However,
low-cost sensors for recording of elevations and veloci-
ties during work are now commercially available [14,
15]. These sensors have also made it feasible to measure
the workload over several days [16]. Many studies have
been performed previously in which the workload on a
few individuals has been recorded during 1 day [17, 18].
With the advent of low-cost sensors, it is now possible
to monitor the entire workforce over several days.
Measurements over extended periods of time are im-

portant in planning job rotation as a measure for the
prevention of WMSDs [19]. Furthermore, measurements
made over several days will give a better idea of the
loads experienced on an average working day [20]. Such
an average measurement is likely to be more strongly
correlated with the prevalence of WMSDs than those
from one-day recordings. So far, the number of technical
recordings has been limited, mainly due to the need for
researchers.
If self-recording of physical workload was possible, all the

employees’ workload at almost any workplace could be ex-
plored for several days. Such recordings would be invalu-
able when performing risk assessments. However, it would
be necessary to develop easily understandable instructions
so that the employees can attach the equipment and cali-
brate it, i.e. adopt a reference posture. The reference

posture should have a high reproducibility, and this can be
studied if recordings are performed over several days. The
reference posture should also be easy to adopt, and without
the need of extra material. Such a reference would rule out
our standard reference posture, which we have used in
many studies, as the latter requires a chair and a dumbbell
[17, 21–23]. A self-recording method also requires a reli-
able method of identifying the reference, as this defines
0 degrees of inclination. Furthermore, the starting and
stopping times of work and breaks should be noted, to
distinguish between working time and leisure time.
One occupation with a high physical workload and a

high risk of WMSDs is cleaning [24]. As an example, the
prevalence of complaints and diagnoses in neck/shoul-
ders has been reported to be 48% among female hospital
cleaners working in a traditional work organisation [25].
Around the world there are many employees working as
cleaners and it is important to perform risk assessments
of their work in a cost-effective manner. Therefore, we
would like to test the self-recording method in the
cleaning industry.
The main aims of this study were: 1) to compare

analyses for self-recording of upper arm elevation
during work using a simplified reference posture ver-
sus using a standard reference posture, and 2) to
compare the two reference postures. Other aims were
to study the between-day repeatability in the simpli-
fied reference posture, and to assess the suitability of
a protocol for self-recording. Furthermore, we aimed
to compare the physical workload, the between-day
repeatability of the workload, and to assess the risk of
musculoskeletal disorders among different types of
cleaning.

Subjects and methods
Study design
This was a field study including two parts. In part one
(self-recordings), workers received a protocol with in-
structions on how to attach a triaxial accelerometer (GC
inclinometer) to the upper arm, and how to adopt a ref-
erence posture. It was adopted by the cleaners them-
selves, without the need of extra material, and referred
to as the simplified reference posture. A researcher then
instructed each of them to adopt the standard reference
posture. The workers wore the GC inclinometer con-
tinuously, both day and night, for 2 or 3 days. They re-
peated the simplified reference posture each morning
and noted starting and stopping times of work and lunch
breaks for each day in a provided form.
In part two (researchers’ recordings), which was con-

ducted on different days than the self-recordings, the re-
searchers attached the GC inclinometer to the worker’s
right upper arm and instructed each subject to perform
the standard reference posture. The researchers followed
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each worker during the one-day recording and noted
exact starting and stopping times for work and breaks.

Subjects
Self-recordings
Twenty-eight subjects, 24 women and 4 men, partici-
pated in the study (Table 1). Their mean age was 43 years
(range 22–58). Twenty-four of the subjects (20 women
and 4 men) worked as hotel cleaners and 4 (all women)
as office cleaners. Three of the 28 subjects were native
Swedish speakers, while the other 25 spoke English and
Swedish of varying quality. All the hotel cleaners cleaned
hotel rooms (denoted hotel housekeeping). Some of
them (eleven subjects) also had other tasks such as
cleaning corridors, conference rooms, pool areas and/or
dining rooms (denoted hotel housekeeping+). The office
cleaners cleaned mainly offices, but also toilets, changing
rooms, corridors and dining rooms.

Researchers’ recordings
Fourteen right-handed female hotel cleaners participated
in standard one-day recordings performed by profes-
sionals (Table 1). Their mean age was 42 years (range
22–57). They all cleaned hotel rooms. Five of these also
performed self-recording, on separate occasions.

Materials
Triaxial accelerometers with an integrated data logger (USB
Accelerometer Model X16-mini, Gulf Coast Data Con-
cepts, LLC, Waveland, MS, USA, “GC inclinometer”) with
a sampling frequency of 25 Hz were used. This frequency is
sufficient as it has been shown that 99.5% of the signal
power for wrist (and it is not expected to be higher for the
upper arms) was contained in the 0–5 Hz band in occupa-
tional repetitive work [26]. The size was 5 × 2.4 × 1.3 cm
and they contained a 2 GB memory for data logging, a fe-
male micro USB-connector and a rechargeable battery [14].
The accelerometer was attached to the upper arm, just
below the insertion of the deltoid muscle, with
double-sided adhesive tape and fixed with plastic film
(Tegaderm™, 3 M Health Care, St Paul, MN, USA) to se-
cure them from falling off.

Procedures
Standard reference posture
The researcher instructed the subject to sit on a chair
and lean towards the backrest with the arm hanging ver-
tically over the backrest, holding a dumbbell in the hand
(Fig. 1a) [21].

Simplified reference posture
The subject followed the instructions in the protocol
and leaned to the right with the arm alongside the body
and with an extended elbow for about 20 s (Fig. 1b) [14].

Table 1 Anthropometric characteristics

Self-recording Researchers’ recording

Height (cm) Weight (kg) BMI Weight (cm) Height (kg) BMI

160 50 20 160 50 20

170 73 25 170 73 25

172 61 21 172 61 21

– – – – – –

169 70 25 169 70 25

– 82 –

168 65 23

176 73 24

168 66 23

167 54 19

168 80 28

150 42 19

174 106 35

168 80 28

153 50 21

– – –

159 82 32

155 59 25

– – –

154 50 21

160 50 20

158 62 25

169 74 26

167 65 23

146 51 24

163 63 24

148 48 22

168 75 27

177 69 22

160 50 20

165 – –

162 – –

158 63 25

160 61 24

160 60 23

157 52 21

172 65 22

Mean 163 65 24 165 61 22.5

SD 8.4 15 4 6.5 8.0 2.1

Height, weight and BMI for the 37 subjects participating in the study. Twenty-
eight subjects participated in the self-recording and fourteen subjects
participated in the researchers’ recording. Five subjects participated in both
types of recordings
- missing data
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The protocol
The self-recording method was tested in the cleaning in-
dustry. We made one Swedish and one English version
of the protocol, as it is known to be a high proportion of
immigrants among the employees [27]. Twenty-five sub-
jects chose to use the Swedish version, while three sub-
jects chose the English version. The protocol with
instructions for using the GC inclinometer consisted
mainly of pictures with short explanations how to attach
the GC inclinometer and how to perform the simplified
reference posture (see Additional file 1). The researcher
noted that the first subjects seemed to have some diffi-
culties in understanding the Swedish and English in-
structions properly, due to language barriers. Therefore,
we improved the protocol in steps during the study. The
first change (version 2) was to add instructions on how
to start the GC inclinometer (which for the first subjects
had been performed by the researcher), to obtain a
complete instruction for self-recording of upper arm ele-
vation and velocity. We also simplified the part on how

to attach the inclinometer. The second change (version
3) was to add a second series of toe jumps after the sim-
plified reference posture to improve our ability to deter-
mine which part of the recording corresponded to it. To
make it easier for the subjects to perform the
self-recording, minor changes were made throughout
the study, such as highlighting the most important steps
(starting the device and performing the simplified refer-
ence posture), numbering the various steps in the proto-
col and simplifying the language in the text boxes. Three
versions of the protocol were used. Version 1 was used
by four subjects, version 2 was used by five, and version
3 was used by 19 subjects. A few subjects needed help to
start the GC inclinometer and some of them had to be
reminded to adopt the simplified reference posture.
However, the need for help decreased with improved
versions of the protocol.

Self-recordings
Each subject was given a GC inclinometer and a proto-
col with instructions. Nineteen subjects (at twelve differ-
ent times) individually followed the protocol and
attached the GC inclinometer, performed five toe jumps
and adopted the simplified reference posture by them-
selves. The toe jumps were later used to find this part of
the recording. At one occasion, nine subjects were
helped by their supervisor, due to lack of time. The
supervisor started and attached the GC inclinometer,
and instructed each subject how to perform the simpli-
fied reference posture. The supervisor had not used the
protocol previously.
For each subject, the researcher did a brief visual in-

spection of that the GC inclinometer was attached prop-
erly. The researcher then instructed each of the subjects
to perform the standard reference posture.
The subjects were instructed to perform the simplified

reference posture every morning and to note the time
for this and the starting and stopping times of work and
lunch breaks in the provided form. They were instructed
to apply more plastic film if needed and they were also
told to remove the GC inclinometer if they experienced
itching or irritation of the skin. Nineteen of the subjects
wore the GC inclinometer for 3 days and nine subjects
wore it for 2 days. At the end of the second or third
working day, the researcher instructed the subject to
perform the standard reference posture again, and then
removed the GC inclinometer. In four cases the super-
visor removed the GC inclinometer, and one subject re-
moved it herself. The stop time was noted.

Researchers’ recordings
Researchers experienced in technical methods attached
the GC inclinometer to the subject’s right upper arm,
one subject at a time, on different days from the

Fig. 1 a The standard reference posture, and (b) the simplified
reference posture
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self-recordings. Each subject was instructed to adopt the
standard reference posture for the right upper arm. The
researchers followed each subject during their working
day, noting the exact starting and stopping times for
work, breaks, and different work tasks.

Questionnaire
To further assess the suitability of the protocol and the
self-recording method, all subjects were asked, after the
recording, to answer six questions about their percep-
tions of the self-recording.

Data processing and analyses
The data were processed with the EMINGO software
suite, developed by the Division of Occupational and En-
vironmental Medicine in Lund, Sweden using MATLAB
(version 2016b, Math Works INC., Natick, MA, USA).
The data were resampled at 20 Hz, anti-aliased, low-pass
filtered (5 Hz), and visually inspected.

Self-recording
Upper arm elevations and velocities were recorded con-
tinuously but only the data on work were analysed.
Lunch breaks were excluded according to the times
noted in the provided form. The data were analysed
twice; once using the simplified reference posture as ref-
erence (henceforth referred to as the simplified reference
analysis) and once using the standard reference as refer-
ence (henceforth referred to as the standard reference
analysis). The 1st, 10th, 50th, 90th and 99th percentiles of
the angular distribution (°) and the percentage of time
the arm was elevated above 30°, 60° and 90° were calcu-
lated. Furthermore, the median generalised angular vel-
ocity (°/s) was derived for each subject. 1 °/s =
0.017 rad s− 1 and 1 rad s− 1 = 57.3 °/s. Group means of
upper arm elevations and velocities were calculated for
comparisons between the simplified reference analysis
and the standard reference analysis. Further, for each
subject we calculated the differences between the results
derived from the two different analyses, as well as the
absolute differences (i.e. the non-negative difference, re-
gardless of sign). Then the group means of the differ-
ences and the group means of the absolute differences
were calculated.
Furthermore, for each subject, we calculated the differ-

ence between the simplified reference posture and the
standard reference posture (°). In most cases we used
the references from day 1. In one case, the GC inclinom-
eter fell off during day 1. The subject attached it again,
and the researcher (who was still there) instructed her,
during her lunch break, to perform the standard refer-
ence posture again. Another subject appeared to have re-
placed the GC inclinometer upside down after it had
fallen off during the morning day 1 (detected during

data analysis), and therefore this part of the recording
was discarded. For this subject, the standard reference
posture from day 3 was used. The simplified reference
posture from day 2 was used for both these subjects.
The first and second simplified reference posture were

used to investigate the reliability of the reference. Nine
of the subjects performed the simplified reference pos-
ture on one occasion only and were therefore excluded
when analysing the within-subject variation of the
reference.
The within-subject variation in workload between the

first and second working days was also calculated among
the hotel cleaners. Then, two recordings were excluded
because the subjects removed their GC inclinometer
while showering after day 1. They had replaced the de-
vice after showering, but did not repeat the simplified
reference posture, and therefore, the data for the
remaining days had to be rejected. The remaining 22 re-
cordings were divided into hotel housekeeping and hotel
housekeeping+, with eleven subjects in each group.
When comparing upper arm elevations and velocities

between the specific types of cleaning (hotel housekeep-
ing, hotel housekeeping+, and office cleaning), as well as
when comparing with the researchers’ one-day record-
ings of hotel housekeeping, the standard reference ana-
lysis was used. The four men were excluded from these
calculations, to be able to compare them with previous
and future recordings, where the results for women and
men are separated [28].

Researchers’ recordings
Upper arm elevations and velocities during the working
day were analysed, lunch breaks excluded. The same
measures as for the self-recordings were calculated; the
percentiles of the angular distribution (°) and the per-
centage of time the arm was elevated above 30°, 60° and
90° were calculated for each subject. The median gener-
alised angular velocity (°/s) was also derived, and group
means of both elevations and velocities were calculated.

Statistical analyses
The statistical analyses were carried out with IBM SPSS
Statistics Version 22 (SPSS, Chicago, IL, USA). The
alpha level was set at 0.05. Comparisons between group
means of upper arm elevations for the two reference
analyses were performed using Wilcoxon signed ranks
test. The within-subject variation was calculated using
one-way ANOVA for the simplified reference posture
and for the upper arm elevations and velocities during
work. The 50th and 90th percentiles of upper arm eleva-
tion and the median generalised angular velocity were
the dependent variables, and subject was the independ-
ent variable. To investigate the repeatability of the sim-
plified reference posture and of the workload between
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working days, the repeatability coefficient (°) and the
intraclass correlation coefficient (ICC) were calculated
[29, 30]. We used ICC (1,1) i.e. one-way random effects
model, absolute agreement, single measures. ICC esti-
mates less than 0.5, between 0.5 and 0.75, between 0.75
and 0.9, and greater than 0.90 indicate poor, moderate,
good, and excellent reliability, respectively [31]. The dif-
ference between the simplified reference posture and the
standard reference posture of two following occasions,
respectively, as well as upper arm elevations (50th and
90th percentiles) and the median angular velocity of two
working days were the input variables in the model.
Comparisons between group means of different types
of cleaning were performed using Kruskal-Wallis
one-way analysis of variance. Post hoc analyses for
p-values < 0.05 was performed using Mann-Whitney
U-test. The non-parametric tests were used since the data
were not normally distributed.

Results
Simplified reference analysis versus standard reference
analysis
Recordings of workload
The group means of upper arm elevation and the per-
centage of time above 30°, 60° and 90° during work were
very similar between the simplified reference analysis
and the standard reference analysis (Table 2). The upper
arm velocity was identical (data not shown), as this is
not dependent on the reference.
The individual differences between the simplified refer-

ence analysis and the standard reference analysis at the 50th

percentile of arm elevation during work are shown in Fig. 2.
The group mean difference was 0.2° (range -7 – 10°).

The group mean of the absolute differences in the 50th

percentile of arm elevation was 4° (range 0 – 10°; Table 3),
and for the percentage of time above 30° it was 9% (range
0 – 21%), for 60° 2% (0 – 11%), and for 90° 1% (0 – 3%).

Simplified reference posture versus standard reference
posture
The differences (°) between the simplified reference pos-
ture and the standard reference posture on days 1, 2,
and 3 for each subject are shown in Fig. 3. The group
mean of the differences for day 1 (day 2 for two subjects)
was 9° (range 1 – 21°). The individual arm position in
the simplified reference posture relative to the arm pos-
ition during the standard reference posture from day 1
(day 2 for two subjects) are shown in Fig. 4. They devi-
ated in all directions (flexion, extension, adduction and/
or abduction) without any obvious pattern.

Within-subject variation of simplified reference posture
The within-subject variation in the simplified reference
posture was poor, with an ICC of 0.2 (Table 4). The re-
peatability coefficient was 16°.

The protocol
No subjects were excluded due to an incorrect place-
ment of the GC inclinometer. Nevertheless, we im-
proved the protocol during the study. These changes
appeared to make it easier for the subjects to follow, as
the help needed decreased with improved versions of
the protocol. An additional change (version 4) was made
after the analyses, with instructions not to replace the
GC inclinometer if it falls off.
The protocol includes three parts (see Additional

file 1):

1) Starting the GC inclinometer.
2) Attaching the GC inclinometer to the upper arm.
3) Performing the simplified reference posture.

Comparing different types of cleaning
Concerning self-recordings, the median upper arm vel-
ocity was higher in hotel housekeeping than in hotel
housekeeping+ (82 vs 63 °/s; Table 5). There were no
differences between self-recordings and researchers’ re-
cordings of hotel housekeeping (Table 5).
Five individuals participated in both the researchers’ re-

cordings and the self-recordings. The 90th percentile of
upper arm elevation and the median generalised angular vel-
ocity for these individuals are shown in Figure 5. For them,
the group mean difference for the 90th percentile of upper
arm elevation between the researchers’ recording on 1 day
and the self-recording on several days, using the standard
reference, was 1° (range -2 – 8°). The group mean difference
for the upper arm velocity was -7 °/s (range -21 °/s – 2 °/s).

Table 2 Group means of upper arm elevations during work for
the simplified and the standard reference analyses

Simplified
reference analysis

Standard reference
analysis

Mean (range) Mean (range) p-value

Percentile (°)

1st 5 (2 – 8) 5 (2 – 10) 0.68

10th 14 (7 – 21) 13 (8 – 20) 0.98

50th 30 (20 – 47) 30 (22 – 38) 0.98

90th 64 (45 – 91) 64 (50 – 86) 0.95

99th 109 (88 – 132) 110 (94 – 134) 0.30

Percentage of time

> 30° 49 (27 – 78) 49 (34 – 63) 0.95

> 60° 13 (4 – 35) 12 (5 – 24) 0.95

> 90° 4 (1 – 10) 3 (1 – 8) 0.98

Group means (°) for the simplified reference analysis and the standard
reference analysis at the 1st, 10th, 50th, 90th and 99th percentiles of upper arm
elevation and the percentage of time above 30°, 60° and 90° for the 28
subjects during work. P-values for difference calculated with Wilcoxon signed
rank tests
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Within-subject variation in workload between days
The repeatability coefficient for hotel housekeeping
was 1.6° with an ICC of 0.98 for the 50th percentile
of upper arm elevation (Table 6). Corresponding
values for hotel housekeeping+ were 4.8° and 0.86,
respectively. The individual variations in upper arm
velocities during the different working days are shown
in Fig. 6.

The subjects’ perception of self-recording
The subjects’ perceptions are reported in Table 7. One
subject answered “Bad” to one of the questions. All

other answers were positive. Additionally, 87% of the
subjects stated that the GC inclinometer had not inter-
fered during work or leisure time during the three-day
recording, and 96% were willing to wear the GC inclin-
ometer again.

Discussion
On group level, the recordings of upper arm elevation
during work using the simplified reference posture were
almost identical to the same recordings using the stand-
ard reference posture. The subjects were able to follow
the instructions in the protocol and performed
self-recording of upper arm elevations and velocities for
several days.

Simplified reference posture and standard reference
posture
For recordings of arm elevations, it has been suggested
that it is sufficient to attach an inclinometer with one of
its axes aligned with the upper arm (humerus) without
adopting a reference posture [15, 32]. However, since the
humerus may not be parallel to the line of gravity, for
example in subjects with voluminous upper arms (strong
or obese), we believe that it is important to perform a
reference posture to define 0° inclination. When using
the standard reference posture the arm hangs out from
the body (see Fig. 1a). Thus, this should be a minor
problem. In the simplified reference posture the arm is
closer to the body (see Fig. 1b). We therefore plotted the
difference between the two reference postures from day
1 (Fig. 4) versus BMI. We saw no correlation, and do
not suspect a major influence of BMI.

Fig. 2 Individual difference (°) between the simplified reference analysis and the standard reference analysis from day 1 at the 50th percentile of
upper arm elevation during work for the 28 subjects. The dashed line indicates the group mean difference (0.2°). Version 1 of the self-recording
protocol was used by four subjects (○), version 2 was used by five (◆) and version 3 was used by 19 subjects (□)

Table 3 Group means of the absolute differences of upper arm
elevations during work between the simplified and the standard
reference analyses

Mean absolute difference (range)

Percentile (°)

1st 1.8 (0.0 – 4.4)

10th 3.8 (0.2 – 9.1)

50th 4.2 (0.1 – 9.8)

90th 4.2 (0.0 – 12)

99th 4.7 (0.3 – 18)

Percentage of time

> 30° 9.3 (0.2 – 21)

> 60° 2.3 (0.0 – 11)

> 90° 0.6 (0.1 – 2.9)

The group mean of the absolute differences (°; Mean absolute difference) at
the 1st, 10th, 50th, 90th and 99th percentiles of the angular distributions (°) and
the percentage of time above 30°, 60° and 90° for the 28 subjects during
work, between the simplified reference analysis and the standard
reference analysis
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For each individual, the difference in upper arm eleva-
tion during work between the two analyses was lower
than the difference between the two references, and may
be explained by the triangle inequality (see Fig. 7). The
distance between the two reference points can be seen
as the length of one side of a triangle (a). The distance
between one of the reference points and a specific

elevation point during work can then be seen as the
length of a second side of the triangle (b), while the dis-
tance between the other reference point and the same
specific elevation point can be seen as the length of the
third side of the triangle (c). Thus, as the length of one
side in a triangle is less than the difference (Δ) of the
lengths of the two other sides, the difference between

Fig. 3 Individual differences (°) between the simplified reference posture and the standard reference posture on day 1 ( ), day 2 ( ) and day 3
( ) for all 28 subjects

Fig. 4 Individual arm position in the simplified reference posture ( ) relative to the arm position in the standard reference posture on day 1 (day
2 for two subjects) for the 28 subjects
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the two reference analyses will be less than the differ-
ence between the two references (Δ = b – c < a). For an
elevation point that is equally far from the two reference
points, the triangle becomes isosceles and the difference
between the two reference analyses will be zero (Δ = b –
c = 0). If the elevation point is in line with the two ref-
erences, the triangle becomes a line and the differ-
ence between the two reference analyses will be the
same as the difference between the two references
(Δ = b – c = a). In this study, the difference during
work was never more than 10°, while the difference
between the two references was up to 21°. In addition, the
group mean difference during work was as low as 0.2°
(range -7 – 10°). We therefore consider, on group level,
the simplified reference posture sufficient for recording of
elevations of the upper arm, given that it is the same work
tasks and a low degree of freedom in work performance
for all individuals [33]. In the current group of cleaners,
the simplified reference posture deviated from the stand-
ard reference in a uniform pattern (i.e. in all directions,
see Fig. 4). Consequently, deviations during work were
balanced on group level. However, this may not be the
case in other populations. A non-uniform deviation pat-
tern will introduce a systematic error. Concerning upper
arm velocity, the self-recording method can be used on in-
dividual level, as this measure is not dependent on the
reference.

Within-subject variation of simplified reference posture
In a previous study of natural head posture recorded
with inclinometer, the individual overall variability
(standard deviation) was 1.6° [34]. In our study, the
standard deviation of the within-subject variation was
5.6° for the simplified reference posture, i.e. somewhat
higher. We speculate that this difference may be because
it is more difficult to repeat an arm posture (without
support) than a head posture, as in the latter the sight
angle serves as a reference. The repeatability coefficient
for the simplified reference posture was 16°. Thus, in
95% of measurements, the absolute difference between
two simplified reference measurements on one subject is
not expected to exceed 16°. Therefore, a recording of
upper arm elevations analysed with the simplified refer-
ence posture at only one occasion should be interpreted
with some caution.

The protocol and the subjects’ perceptions of self-
recording
The protocol was continuously improved during the
study. Thereby, the problems that occurred during the
study were resolved. Most importantly, if the GC inclin-
ometer falls off it should not be replaced. Further, toe
jumps are performed before and after the simplified ref-
erence posture. We believe that version 4 is easy to use.
Still, for subjects that do not speak Swedish or English,
one might consider to translate it into the language in
question.
According to the questionnaire which the subjects

answered after the study, all but one of the subjects
were positive to self-recordings of upper arm eleva-
tions and velocities. Only one person answered “Bad”
to the question “How did you experience to put on more
plastic film?” Since eight subjects reported that it had not
been necessary, we think this negative answer was due to
language barriers, and this subject also meant that it had
not been necessary.

Table 4 The within-subject variation of the simplified reference
posture

Simplified reference posture

Within-subject variation Repeatability coefficient ICC

SD (95% CI)

5.6 (3.7 – 7.5) 16 0.2

The within-subject variation (°; standard deviation (SD) and 95% confidence
interval (95% CI)), the repeatability coefficient (°) and the intraclass correlation
coefficient (ICC) of the simplified reference posture

Table 5 Group means of upper arm elevation and velocity during different types of cleaning

Self-recordings during 3 days Standard one-day recordings

Hotel housekeeping (n = 9) Hotel housekeeping+ (n = 11) Office cleaning (n = 4) Hotel housekeeping (n = 14)

Mean (range) Mean (range) Mean (range) Mean (range)

Elevation (°)

50th 30 (25 – 36) 28 (22 – 35) 33 (29 – 38) 28 (21 – 38)

90th 65 (50 – 79) 62 (50 – 77) 64 (54 – 83) 61 (47 – 75)

Velocity (°/s)

50th 82a (53 – 114) 63a (37 – 89) 56 (37 – 75) 92 (66 – 129)

Group means at the 50th and 90th percentiles of upper arm elevation (°) and the median generalised upper arm angular velocity (°/s) during different types of
cleaning when using the standard reference posture as reference. (Data from the four men are excluded). The generalised angular velocity is not dependent on
the reference posture. Hotel housekeeping = cleaning hotel rooms, hotel housekeeping+ = cleaning hotel rooms and other tasks such as cleaning corridors. The
standard recordings were performed by researchers. Differences calculated by Kruskal-Wallis analysis of variance. Post hoc analysis with Mann-Whitney U-test
ap = 0.05
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Risk of musculoskeletal disorders among cleaning staff
Our research group has performed technical measure-
ments of upper arm elevations and velocities for
about thirty years in about sixty different occupations.
Most of these occupational groups have also been
clinically examined using the standardised Health Sur-
veillance in Adverse Ergonomics Conditions (HECO)
method [35, 36] which quantifies the prevalence of
WMSDs and diagnoses of the neck and upper ex-
tremities. Exposure-response relationships were ob-
tained by compiling the data from the technical
measurements and the clinical examinations, and we
found strong associations between upper arm velocity
and several diagnoses [2]. Based on this knowledge,
we have recently proposed action levels for the pre-
vention of WMSDs. The proposed action level for the
median generalised angular velocity is 60 °/s [37].
This is well in line with the findings in a recent study

by Dalbøge et al., where it was indicated that a me-
dian generalised angular velocity of the upper arm
below 45 °/s was safe [38]. Based on previous studies [2,
39–42], we have proposed an action level of 60° for the
90th percentile of upper arm elevation. The action
level for elevation was exceeded in office cleaning,
while the action levels for both elevation and angular
velocity were exceeded in hotel housekeeping (both
self-recordings and researchers’ recordings) and hotel
housekeeping+, indicating the need for preventive ac-
tions. Hence, it was highly relevant to test the
self-recording method among cleaners.

Within-subject variation of workload between working days
The within-subject variation in upper arm elevation and
velocity between working days in hotel housekeeping
was low. This indicates that the work is monotonous
and repetitive. The between days variation differed

Fig. 5 Upper arm elevation and the median generalised angular velocity of the upper arm for the five subjects who participated in both the self-
recordings and the researchers’ recordings. △ = upper arm elevation obtained with self-recording (using the standard reference posture). ○ = the
median generalized upper arm velocity obtained with self-recording. ▲ = upper arm elevation obtained by the researchers’ recordings. ● = the
median generalised upper arm velocity obtained by the researchers’ recordings

Table 6 The group means and the within-subject variations of upper arm elevation and velocity between working days

Hotel housekeeping (n = 11) Hotel housekeeping+ (n = 11)

Percentile Group mean
(° or °/s)

Within-subject
variation SD (95% CI)

Repeatability
coefficient (° or °/s)

ICC Group mean
(° or °/s)

Within-subject
variation SD (95% CI)

Repeatability
coefficient (° or °/s)

ICC

50th (°) 29 0.6 (0.3 – 0.9) 1.6 0.98 28 1.7 (0.9 – 2.5) 4.8 0.86

90th (°) 64 1.5 (0.8 – 2.2) 4.1 0.97 62 4.4 (2.3 – 6.4) 12 0.80

Vel. (°/s) 81 4.7 (2.5 – 6.9) 13 0.93 63 12 (6.4 – 18) 33 0.66

The group mean, the within-subject variation (° or °/s; standard deviation (SD) and 95% confidence intervals (95% CI)), the repeatability coefficient (° or °/s) and
the intraclass correlation coefficient (ICC) of upper arm elevations (°; 50th and 90th percentiles of the angular distribution) and median upper arm velocity (°/s;
Vel.) between working days for 22 subjects. Self-recordings of hotel housekeeping and hotel housekeeping+. Hotel housekeeping = cleaning hotel rooms and
hotel housekeeping+ = cleaning hotel rooms and other tasks such as cleaning corridors. The standard reference posture was used as reference
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between hotel housekeeping + and hotel housekeeping,
and one explanation could be that there were additional
and more varied work tasks in hotel housekeeping+,
such as for example cleaning corridors, conference
rooms and pool areas.

Methodological considerations
To the best of our knowledge, this is the first time
self-recordings have been made of upper arm elevation
and velocity. This required a protocol explaining how to
perform the self-recording. A strength of the study was
that the protocol was tested and improved in an occupa-
tion with a high proportion of immigrants. Even if the

subjects spoke poor Swedish and English, they were able
to perform self-recordings. This indicates that the proto-
col is easy to follow and may be used by most em-
ployees. A weakness is that we did not improve the
protocol systematically and did not evaluate the different
steps of improvements in a systematic manner. Instead,
we made changes in the protocol based on how comfort-
able and secure the subjects appeared to be when they
attached the GC inclinometer and performed the simpli-
fied reference posture. On a visual inspection of Fig. 2
we did not see any improvement concerning the individ-
ual differences between the two analyses. Thus, we do
not think that different versions of the protocol im-
pacted on our data.
Considering recordings of upper arm elevation, we

judge a difference of 5° to be clinically relevant. Prior to
the study we did not know the distribution of the differ-
ences between the analyses with the two different refer-
ence postures. As this was about 5° for both the 50th
and the 90th percentiles we would have needed 11 sub-
jects to be able to detect a 5° difference between the two
analyses with an 80% power. As 28 cleaners were in-
cluded, we could detect a difference of 3°.

Conclusions
The small difference between the simplified reference
analysis and the standard reference analysis indicates
that recordings performed by employees themselves are
comparable, on group level, with those performed by
researchers. The subjects in this study were able to
perform self-recording of upper arm elevations and
velocities using the protocol provided. The simplified
reference posture is sufficient on group level, with the
assumption that it is the same work tasks and a high
similarity in work performance for all individuals. The
self-recording method can be used at an individual level

Fig. 6 The median generalised angular velocity of the upper arm during work for the 28 subjects for day 1 ( ), day 2 ( ) and day 3 ( ). The
dashed line is the suggested action level for ergonomic workload

Table 7 Questionnaire responses after the self-recording

Bad Rather
bad

Rather good Good

How did you experience to
wear the GC-inclinometer
during several days?

4 (17%) 20 (83%)

How did you experience
to sleep with the
GC-inclinometer on?

5 (22%) 18 (78%)

How did you experience
to shower
with the sensor?

3 (15%) 17 (85%)

How did you experience
to attach more plastic film?a

1 (7%) 1 (7%) 12 (86%)

How did you experience to
perform the toe jumps and
the reference position each
morning?

1 (5%) 21 (95%)

How did you experience
to fill in the diary?

7 (32%) 15 (68%)

Distribution of questionnaire responses from 24 subjects after self-recording of
upper arm elevation and velocity during 3 days. The response rate (proportion
within brackets) are given for the different options
a eight subjects reported that this was not necessary
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for recording of upper arm velocity. Self-recording could
increase the use of technical methods when performing
risk assessments and, in combination with action levels
for the prevention of WMSDs, increase the accuracy of
risk assessments. In addition, self-recording in combin-
ation with action levels would provide employers with a
method of assessing the risk of developing WMSDs
among employees, which would be an important im-
provement of prevention. Hotel cleaning implies a high
risk of musculoskeletal disorders due to a high upper
arm velocity.

Additional files

Additional file 1: The protocol (version 4) “Instructions for self-recording
of upper arm elevation and velocity”. (DOCX 1071 kb)

Additional file 2: Datasets of upper arm elevation using simplified and
standard reference postures. (XLSX 26 kb)
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GC inclinometer: Gulf Coast triaxial accelerometer X16-mini; WMSDs: Work-
related musculoskeletal disorders
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