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Abstract: The aim of the present study was to analyze the activity of the trapezius muscle, the heart
rate and the time pressure of Swiss and Japanese nurses during day and night shifts. The param-
eters were measured during a day and a night shift of 17 Swiss and 22 Japanese nurses. The ob-
served rest time of the trapezius muscle was longer for Swiss than for Japanese nurses during both
shifts. The 10th and the 50th percentile of the trapezius muscle activity showed a different effect for
Swiss than for Japanese nurses. It was higher during the day shift of Swiss nurses and higher dur-
ing the night shift of Japanese nurses. Heart rate was higher for both Swiss and Japanese nurses
during the day. The time pressure was significantly higher for Japanese than for Swiss nurses. Over
the duration of the shifts, time pressure increased for Japanese nurses and slightly decreased for
those from Switzerland. Considering trapezius muscle activity and time pressure, the nursing pro-
fession was more burdening for the examined Japanese nurses than for Swiss nurses. In particular,
the night shift for Japanese nurses was characterized by a high trapezius muscle activity and only

few rest times for the trapezius muscle.
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Introduction

The nursing profession is challenged with high physical
loads, high mental loads and special organizational fac-
tors such as shift work. These factors lead to high physi-
ological and psychological burden in nurses all over the
world'™.
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©2014 National Institute of Occupational Safety and Health

The prevalence of musculoskeletal disorders (MSDs) in
nurses is high, especially in the neck and lower back. The
reported prevalence of neck pain by nurses varies between
40% according to a study among Australian nurses® and
60% in a study in the Netherlands”).

The development of neck pain is closely linked to the
activity of the trapezius muscle® ?). The most accepted
method of measuring this activity is surface electromyog-
raphy (EMG)'?. The periods without measurable EMG
activity, so-called rest time, seem to be an important factor
in preventing neck pain'". The long periods of continuous
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Table 1.
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Characterization of the Swiss and the two Japanese datasets: For the Swiss and the both Japanese datasets the

period of data collection, the number of subjects, the age of subjects (mean SD), the ward the subjects worked on, the time

frame of the day and the night shift and the order of the measured shifts are shown

Dataset Swiss data

Japanese data 1 Japanese data 2

Data collection 6.2011-11.2011

N 17
Age 33.5+10.1
Ward Orthopedic ward (n=8)

Intensive care (n=6)

Emergency department (n=2)

Post anesthesia care unit (n=1)
Day shift 7.00-16.00

Night shift

21.30-7.00 (n=8)/23.00-7.30 (n=6)/

10.2010-2.2011 11.2011-2.2012

10 12
30.8+£8.9 31.5+8.7
Cardiology ward Orthopedic ward (n=7)

Circulation and lung (n=3)
Surgery (n=2)

08.00-16.30
00.00-8.30

08.30-17.00
00.30-09.00

22.00-6.00 (n=2)/20.00-6.30 (n=1)

Order of the measured shifts

Randomly; only one shift per day

Day shift and later on the
same day night shift

Day shift and later on the
same day night shift

muscle activity, on the other hand, have been shown to
lead to neck pain'?. As an explanation, the Cinderella Hy-
pothesis'®

tions always activate the same muscle fibers. When these

proposes that long-lasting, low-level contrac-

fibers become overexerted, muscle pain develops.
One burden of the nursing profession is the rotating
shift work'® that is associated with health problems such

19 cancer'® and MSDs'”. Working in a rotating

as burnout
shift system often leads to work-family conflicts'®, which
in turn are associated with neck pain'®. In addition, physi-
ological and organizational parameters and psychological
loads such as time pressure can also lead to a reduced rest
time of the trapezius muscle®® 2" and are therefore risk
factors for neck pain.

Currently there are many studies about the workload
of nurses in different countries®> >*. Some of them found
correlations of work schedules and self-reported physical
workload to MSDs, others just reported the workloads
of nurses in many different countries® 222, Caruso and
Waters") noticed, physiological data are still missing.
Therefore, in the present study we analyzed the activity of
the trapezius muscle, the heart rate and the time pressure
during day and night shifts in Swiss and Japanese nurses.
Related literature described similar levels of self-reported
workloads in different countries, hence we hypothesized
that the country the nurses work in had little influence
on the results. We also hypothesized that the workload is
higher during day shift than during night shift. Therefore,
we expected trapezius muscle activity, heart rate and time
pressure to be higher during the day shift in comparison
with the night shift.

Subjects and Methods

Subjects

Seventeen Swiss and 22 Japanese nurses (10 of one
dataset and 12 of another) participated in this study (Table
1). The educational level of all participating nurses was
equivalent to a registered nurse. All nurses were female
with at least one year of work experience in the same job.
Swiss subjects worked either part-time (> 80%) or full-time
while Japanese subjects worked only full-time. The fol-
lowing exclusion criteria were defined: clinical findings of
MSDs, skin disease, and intake of muscle relaxants. In the
Swiss dataset, subjects with cardiovascular, psychological
or neurological diseases or medication use were excluded.
In both Japanese datasets, subjects with shoulder and
neck pain due to injury or systemic disease, BMI>30 and
subjects using tranquilizing medication were excluded. The
Swiss part of the study was approved by the ethical com-
mittee of the canton of Zurich (Switzerland) and all Swiss
subjects gave their written informed consent. The Japanese
part of the study was approved by the ethical committee
of the Japan Health and Welfare Organization (580—1
Horikawacho, Saiwaiku, Kawasakishi, Kanagawa 212-
0003). Furthermore, the ethical committee of the Graduate
School of Health Sciences, Jikei Institute (Osaka, Japan)
approved the work of the master students on this project
and the ethical committee of the participating hospitals
accepted the completion of the study in their hospital. All
Japanese subjects gave their written informed consent.
Subjects were instructed according to the Helsinki declara-
tion, participated voluntarily and were free to discontinue
their participation at any time without explanation.
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Apparatus

Surface EMG and heart rate of Swiss subjects were
collected with the PS11-UD (THUMEDI GmbH & Co.
KG, Thum-Jahnsbach, Germany) with a sampling rate of
2,048 Hz. Data were filtered in the device with an analog
3rd-order highpass filter with a cutoff frequency of 4 Hz (-3
dB) and a 10th-order anti-aliasing filter adjusted to 650 Hz
(=3 dB). Additionally, a digital highpass filter at 12 Hz, a
digital band replacement filter at 50 Hz, 100 Hz, 150 Hz,
200 Hz, 250 Hz, 300 Hz and 350 Hz, and two algorithms,
which used low and very low frequencies (7—13 Hz and
0.5-1.7 Hz) were applied. The flatness (ripple) of the
device’s transfer function is + 0.1 dB from 20-500 Hz.
With Matlab R2011b, a root-mean-square procedure was
conducted with a window width of 250 ms, downsampling
the processed data to 4 Hz. For more information, see
Nicoletti ef al?”. The electrodes used were pre-gelled Ag/
AgCl electrodes (Kendall Arbo, England).

Bioplar EMG of the Japanese data 1 was collected
with the Muscle Tester Me3000P (Mega Electronics Ltd,
Koupio, Finland). Data with a sampling rate of 2,000 Hz
were band pass filtered with a frequency band from 20 to
500 Hz and preprocessed with a root-mean-square proce-
dure with a window width of 100 ms. The electrodes used
were pre-gelled Ag/AgCl electrodes (Ambu Neuroline,
Denmark).

Bipolar EMG of the Japanese data 2 was collected with
the YS BioMeas (RMS4, Yuui-Koubou Ltd., Japan). The
effective frequency range went from 8 to 1,000 Hz. The
raw EMG signals were amplified (x1,000), notch-filtered
(central frequency 55 Hz) and a root-mean-square proce-
dure was conducted with a window width of 50 ms. EMGs
were recorded at a resolution of 16 bits with a sampling
rate of 50 Hz. The electrodes used were pre-gelled Ag/
AgCl electrodes (Ambu Neuroline, Denmark).

In the Swiss dataset, heart rate was measured using
a two-electrode electrocardiogram (ECG) that was also
part of the PS11-UD. After internal processing (moving
average mean of 7 R-R intervals) the heart rate was given.
Values smaller than 30 bpm or higher than 200 bpm and
areas with a standard deviation larger than 40 bpm over 7
values were excluded. In both Japanese datasets, heart rate
was measured with a heart rate watch (Polar CS600, Polar,
Finland).

Procedure

Each subject was measured during a day and a night
shift on the same ward (Table 1; Swiss subjects were
measured during two day shifts, but only data of the first
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day shift were used for this publication). In Swiss nurses,
only one shift per day was measured. The order of day
and night shift was selected randomly. In Japanese nurses,
the night shift was measured later on the same day than
the day shift. The measurement device was applied before
the start of the shift. The position of the EMG electrodes
was the same in all three datasets, based on the recom-
mendation of SENIAM?®. The electrodes were placed on
the line from the acromion to the cervical vertebra 7 (C7)
with the midpoint of the two electrodes 2 cm medial of
the midpoint of this line. The distance between the two
electrodes was 2 cm. A reference electrode was placed on
C7, except in the Japanese data 2 which was placed on the
thoracic vertebra 3 or 4 (TH3/TH4). The measuring device
was worn around the waist and the cables were fixed on
the skin to reduce movement artifacts.

In Swiss data, heart rate was collected with a two-
electrode ECG. One electrode was placed on the left side
of the chest wall below the breast while the other was
placed below the clavicle. For the Japanese data, the belt
of the heart monitoring watch was worn around the chest
and the watch was worn around the wrist.

Subjects performed submaximal reference contractions
at the beginning of every shift, slightly modified from the
description of Mathiassen ez al'®. Subjects held their arms
in a horizontal position, laterally extended in 90° abduc-
tion. In Swiss data, subjects held this position for three
20 s periods, with a 40 s break between periods. In both
Japanese datasets, the break between the three contractions
was 30 s.

At the beginning and at the end of every shift, subjects
answered a question about time pressure on a scale from
1 to 5, whereby “1” meant “great time pressure” and “5”
meant “far too little work™.

Analysis

All data were processed with Matlab R2011b. Japanese
data 1 was downsampled from 10 Hz to 5 Hz while Japa-
nese data 2 was downsampled from 50 Hz to 5 Hz. EMG
data were normalized using the mean value of the three
submaximal reference contractions, called the reference
voluntary electrical activation (RVE). After this normaliza-
tion, values were expressed as % RVE. Data points above
1,000% RVE were removed. Afterwards, the rest time
(defined as % of shift duration with EMG below 5% RVE)
and the 10th, 50th and 90th percentiles of EMG activity
were calculated.

In heart rate data of Swiss nurses, heart rate was filtered
with an internal procedure of the PS11-UD (see “Appa-
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ratus”). In both Japanese datasets, heart rate was filtered
with a peak detection procedure and face validity. The
scale of the question about time pressure was inverted, so
that a higher value indicated more time pressure. After in-
verting “1” meant “far too little work™ and “5”” meant “great
time pressure”.

Statistics

Mixed model analysis was used for statistical analyses
(SAS 9.2). The dependent variables used were the rest
time of trapezius muscle, the 10th and the 50th percentile
of EMG activity and the heart rate. The shift (night or
day) and the nation (Switzerland or Japan) as well as
the interaction shift*nation were part of the model. The
subject was a random factor. For comparing the two
Japanese datasets, the same model, only including the two
Japanese datasets as two different samples (“nation”), was
calculated. In order to compare the time pressure values
at the beginning and at the end of the shift, a mixed model
including the shift (night or day), the nation (Switzerland
or Japan), the time of the diary value (beginning or end of
the shift) as well the interactions time*nation, time*shift
and time*shift*nation was calculated.

Furthermore, an exploratory analysis was undertaken to
elucidate eventual relationships between perceived time
pressure and trapezius rest time or heart rate. To test if
trapezius muscle rest time or heart rate were influenced
by the level of time pressure before work, mixed models
(separately for the factors trapezius muscle rest time and
heart rate) including the covariates nation and shift were
calculated. To test if the level of time pressure after work
is influenced by trapezius muscle rest time or heart rate
during work, the parameters heart rate and rest time were
simultaneously included in the mixed model analysis with
the covariates shift, nation and shift*nation.

Results

Recordings of trapezius EMG were analyzed for all
37 nurses. Heart rate data of 12 shifts and diary data of 3
shifts were missing.

Pooling of the data of the Japanese datasets

The two Japanese datasets were joined for analysis. The
parameters trapezius muscle rest time (p=0.20; n=22),
10th percentile (p=0.33; n=22) and 50th percentile (p=0.69;
n=22) of EMG activity, heart rate (p=0.70; n=16) and time
pressure (difference between the beginning and the end
of the shift; p=0.13; n=20) showed no difference between
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the datasets. The 90th percentile was significantly differ-
ent (p=0.01; n=22) between the two Japanese datasets. As
apparent in Fig. 1d, this difference originated from three
subjects with extremely high values during night shift. As
these values could not be clearly explained or classified as
physiologically impossible, the 90th percentile of trapezius
muscle activity was not further analyzed.

Trapezius muscle activity

Table 2 shows the mean values of the EMG parameters
during day and night shift in Swiss and Japanese nurses.
Using mixed model analysis, rest time of the trapezius
muscle was found to be longer in Swiss nurses than in
Japanese nurses (Table 3). Although rest time of trapezius
muscle tended to be longer during the day shift than dur-
ing the night shift in Japanese nurses and to be longer
during the night shift than the day shift in Swiss nurses
(Table 2), no significant shift effect or interaction effect
(shift*nation) was found. The longer rest time in Swiss
nurses compared to Japanese nurses was also evident in
Fig. 1A that compared the individual trapezius rest time
levels of the day and the night shifts of all the subjects and
showed the regression lines. The regression lines were
nearly parallel, which means that the ratio of rest time of
the day compared to the night shift was the same in both
countries. Although, the average level in the Swiss nurses
was higher.

The 10th and the 50th percentile of EMG activity
showed a significant different shift effect in the two na-
tions (Table 2). The percentiles were higher during the
night shift in Japanese nurses and slightly higher during
the day shift in Swiss nurses (Table 1). This effect was
also visible in the different slopes of the regression lines in
Fig. 1B and C.

Heart rate

Heart rate was higher during the day shift than during
the night shift in both countries (Table 2). As shown in Ta-
ble 3, this shift effect is statistically significant. No effect
of the nation and no interaction effect (shift*nation) was
seen. It is notable that heart rate is rather high on average,
indicating a high workload.

Time pressure

The level of time pressure was significantly different
between Swiss and Japanese nurses (Table 3). At the be-
ginning of the shifts, the indicated levels of time pressure
appeared to be similar (Table 2), being independent of
nationality or shift type. At the end of the shifts, Japanese
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nurses indicated significantly more time pressure com-
pared to the beginning of the shift and compared to the

Swiss nurses.
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Fig. 1. A) Trapezius muscle rest time (rest time), B) 10th percentile (EMG10), C) 50th
percentile (EMGS50) and D) 90th percentile (EMGY0) of trapezius muscle activity dur-
ing day and night shift in Swiss and Japanese nurses. These electromyography (EMG)

parameters are plotted as day shift vs. night shift. Percentiles of EMG were expressed

relative to reference voluntary electrical activation (RVE). Single data points of Swiss

nurses are marked with a cross (X) and the regression line of Swiss nurses is shown as

a dashed line. Single data points of Japanese nurses are marked with a dot (°) and the

regression line of Japanese nurses is shown as a solid line. ny,;,,=22, ngyiteriana=17

Table 2. For the day and the night shift of Swiss and Japanese nurses the mean values and SD of electro-

myography (EMG) parameters, heart rate and time pressure at the beginning and at the end of the shifts

are shown. The percentiles of EMG activity were expressed relative to the reference voluntary electrical

activation (RVE). ny,,.n=22, Ngyitzertana=17 for EMG parameters, nj,,,,=16, Ngyi¢eriana=17 for heart rate

and ny,;,,,=20, Ngyi¢erana=17 for the diary

Japan Switzerland

Day shift Night shift Day shift Night shift
Rest time (% of shift) 71+£7.1 5.6+6.0 9.6+82 13.8+12.4
10th percentile (% RVE) 7.0+43 99+7.1 6.6+3.2 6.1+3.3
50th percentile (% RVE) 28.8+12.2 342+13.9 33.5+13.0 282+ 14.2
90th percentile (% RVE) 82.7+18.8% 100.4 + 34.72 91.9+£223 86.9 +£23.8

(84.6+19.4)°  (90.2 +£24.1)°

Heart rate (bpm) 91.2+9.5 83.4+7.7 89.7+9.2 82.2+10.0
Time pressure beginning® 28+1.1 2.8+0.9 32+0.7 29+1.0
Time pressure end® 3.5+£0.8 35+1.0 2.9+0.8 29+0.7

2 al data. ® data without the 3 subjects mentioned in Results. © reported time pressure at the beginning/at the end

of the shift.
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Time pressure at the beginning of the shifts tended

to predict a shorter trapezius muscle rest time (F=2.2,
p=0.14) and a higher heart rate (F=2.7, p=0.11) during
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Table 3. Degrees of freedom (DoF), F and p values of mixed model analysis for Swiss versus

Japanese nation, day versus night shift and shift*nation interaction are shown for rest time of

trapezius muscle, 10th and 50th percentile of trapezius muscle activity, heart rate and time

pressure (value at the end of the shift — value at the beginning of the shift). ny,;,,=22, ngy;.

serlana=17 for EMG parameters, ny,p,,=16, Ngyieriana=17 for heart rate and ny,,,,=20, ngyiczer-

1ana=17 for the diary

Parameter Effect DoF numerator DoF denominator F p
Rest time nation 1 37 6.05 0.019
shift 1 37 0.62 0.435
shift*nation 1 37 2.74 0.107
10th percentile ~ nation 1 37 2.26 0.141
shift 1 37 2.54 0.120
shift*nation 1 37 5.60 0.023
50th percentile ~ nation 1 37 0.03 0.871
shift 1 37 0.00 0.991
shift*nation 1 37 7.08 0.012
Heart rate nation 1 29 0.15 0.699
shift 1 29 38.42 <0.001
shift*nation 1 29 0.44 0.515
Time pressure nation 1 109 6.35 0.013
shift 1 109 0.40 0.528
time 1 109 3.92 0.050
time*nation 1 109 9.79 0.002
time*shift 1 109 0.21 0.650
time*nation*shift 1 109 0.18 0.676

Table 4. Recorded rest time of trapezius muscle in literature in different professions
profession country n Recording time Rest time (%) Reference
Health care Norway 44 Full workday 19.3 Westgaard et al.3?
Seller Norway 22 Full workday 11.7 Westgaard et al.3?
Dental hygienist Sweden 12 5 h 54 min 8.2 Akesson et al. >

work. The level of time pressure at the end of the shifts
was not significantly correlated with trapezius rest time
(F=0.04) or heart rate (F=0.6) during the preceding work
period.

Discussion

The rest time of the trapezius muscle was longer in
Swiss nurses than in Japanese nurses. The 10th and 50th
percentiles of EMG activity were the highest during night
shifts of Japanese nurses. The heart rate was higher during
the day shift in Swiss and in Japanese nurses. The level of
time pressure at the beginning of the shifts was similar in
Swiss and Japanese nurses but only significantly increased
towards the end of the shift in Japanese nurses.

Trapezius muscle activity
The rest time of the trapezius muscle was longer in

Swiss nurses than in Japanese nurses during the day and
night shifts. The literature suggests that sufficient rest time
of the trapezius muscle is the most important factor detect-
able by surface EMG for preventing neck pain'"* 2%
therefore, work should allow for enough muscle rest time.

and

It is not currently clear which amount of trapezius muscle
rest time is “enough”, but the 5.3% and 7.1% of the shifts
of the Japanese nurses seems to be extremely short. Even
the 10% and the 13.8% of Swiss nurses may be too short.
Rest time data was compared with data from other stud-
ies. We used the threshold value of 5% RVE to define rest
time of the trapezius muscle. The studies in Table 4 used
the maximal voluntary electrical activation (MVE) for
normalization. All values below 0.5% MVE were defined
as rest time. Both RVE and MVE are widely used and
accepted in literature®”. A small study of ten subjects®”
reported that 100% RVE corresponds to 17% MVE if the
RVE is conducted without additional weight on the arms
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(we were not able to compare our data with data from
studies using RVE with additional weight). Therefore, 0.5%
MVE corresponds to approximately 3% RVE. As this is
a bit smaller than the 5% RVE that we used in this study,
the percentages of rest time in literature should be slightly
smaller than the ones in our study. However, the published
rest times®> for health care workers are slightly longer
than in our Swiss nurses and markedly longer than in our
Japanese nurses. The health care workers recorded in
Westgaard ef al.*? were nurses (45%), nurses in home care
(24%) and supervisory and support personnel (31%). The
rest time of sellers also was higher than the ones recorded
in our study®®. Only the rest time of dental hygienists lay
in the area of the Swiss nurses, but these values were still
higher than in Japanese nurses. Based on the comparison
with data from these two studies (Table 4), we conclude
that the nursing profession is one of the professions with
the shortest rest time values. Especially among Japanese
nurses, trapezius muscle rest time was very short.

The 10th and the 50th percentiles of trapezius muscle
activity showed opposite shift effects in Swiss and Japa-
nese nurses. The values were higher during day shifts for
Swiss nurses and higher during night shifts for Japanese
nurses. Such a trend of increased trapezius muscle activity
during night shifts in Japanese nurses was also evident for
trapezius muscle rest time, but was not significant. Both
measures, the 10th percentile of trapezius muscle activ-
ity and rest time, represent the continuous activity of the
trapezius muscle. This continuous strain was the biggest in
the night shift of Japanese nurses. Therefore, we propose
to give the nurses in this shift more chances to take a
break, especially in Japan. The 50th percentile character-
izes the median load of the shift. Interestingly, this median
load was nearly the same in the day shift of the Japanese
nurses and in the night shift of the Swiss nurses as well as
in the night shift of the Japanese nurses and in the day shift
of the Swiss nurses. This implies that the mean overall
workload seemed to be similar in Swiss and in Japanese
nurses but its temporal distribution is different. The 90th
percentile or the peak activity was the highest in the night
shift in the Japanese nurses.

Different reasons for this higher trapezius muscle activ-
ity and the smaller rest time of the trapezius muscle in
the night shift of Japanese nurses are possible. It seems
that the workload during night shifts is higher in Japanese
nurses than in Swiss ones. This could be caused by less
staff during night shifts. As a higher activity of the trape-
zius muscle could be caused by physical or psychological

34, 35)

strain , another possible cause could be a high psycho-
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logical strain during night shifts. The same arguments can
be given for the larger workload in Swiss nurses during
day shifts. Another reason could be the different shift sys-
tems in the two countries. In Switzerland, after working a
day shift, nurses were free at least until the next morning.
If a night shift followed the day shift, nurses were free
until the evening of the next day. The Japanese nurses, on
the other hand, started their first night shift seven hours
after finishing the previous day shift. Therefore, the time
for regeneration before the night shift was short. Trinkoff
et al.*® showed more MSDs in nurses having less than
10 h off work between two shifts. In Japanese nurses, it
is possible that trapezius muscle was not fully recovered
before starting the night shift and therefore, more trapezius
muscle activity was found.

As shown by Tanaka ef al.>® and Arakawa et al.’”
the shift system as well as the recovering periods are ex-
tremely important to avoid medical errors. Since medical
errors could have severe consequences for patients, the
shift system should allow the nurses to work as focused
as possible. Another factor augmenting the probability of
medical errors is if the nurses suffer from pain®”. Consid-
ering the possible development of neck pain'?, the activity
of trapezius muscle should be reduced and the rest time
increased. As mentioned in the introduction section of this
paper, trapezius muscle rest time can be augmented by
changing physiological loads®, psychological loads*” or

organizational factors'®.

Heart rate

The heart rate was significantly higher during the day
shift than the night shift in both Swiss and Japanese nurs-
es. The main reason for that is the circadian rhythm. As
the human body is meant to have an approximately 24 h
rhythm, the heart rate is lower in the phase that is meant
for recovery®® (more details are reported in Nicoletti et
al?").

Time pressure

The average reported levels were similar between the
two countries, but we believe it is inappropriate to draw
conclusions based on these absolute values. It was highly
demanding to develop a questionnaire scale in Japanese
and German that has a similar meaning among Swiss and
Japanese nurses. The final wording was decided on after
intense discussions in Switzerland, in Japan as well as
among the authors. It is less difficult to compare relative
changes within the two groups. In Japanese nurses we ob-
served a significant increase between the start and the end
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of day and night shifts, while reported stress levels tended
to decrease among Swiss nurses.

An exploratory analysis tested if higher levels of stress
at the beginning of work would predict shorter trapezius
muscle rest periods and a higher mean heart rate. Consid-
ering the nationality and type of shift (day or night shift),
such a tendency was evident but not significant. Thus,
the hypothesis that stress may increase trapezius muscle
tension’! was tentatively supported. This concerned
the combined effect of stress and working with a high
workload. It was not tested if perceived stress without any
work demands would have a similar effect. On the other
hand, we tested if short trapezius rest periods and/or a
higher heart rate during work would predict stress levels
at the end of the shift; this was not the case. This lack of
a relationship leads to the question of whether the high
workload visible in EMG and heart rate is appropriately
sensed by the nurses. It is likely that further stressors such
as unavailability of physicians, unsupportive management,
interpersonal issues, and patient mental health are directly

3) and have a more

correlated with perceived stress levels
direct impact on the perception of time pressure than the
measured trapezius muscle activity.

A possible limitation of this study was that EMG data
of the three datasets was measured with three different
devices. It is generally accepted that results from differ-
ent studies may lead to slightly different results but these
effects are known to be small if proper standardization
procedures are used'”. The Japanese and Swiss research
team held several joint laboratory sessions to ensure
identical procedures for all measures taken, including the
standardization procedure. Additionally, researchers from
both countries were involved in the measurements of both
countries. We are thus sure that the reported difference in
trapezius rest time is induced through the work situation
and not the measuring device. Furthermore, we did not
record the exact break times in the different shifts. But we
are convinced that they are not very different and we know
that in all the recorded shifts nurses were not allowed to
take a nap.

Conclusion

Japanese nurses had a shorter trapezius muscle rest time
compared to Swiss nurses as well as compared to pub-
lished values. Especially during night shifts, their trapezius
muscle rest time was short. On average, it was below 6%
of the working time, indicating that opportunities to relax
the trapezius muscle were limited. In Swiss nurses, night
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shifts seemed to allow for significantly more rest periods.
The same relative load pattern was seen for the parameters
describing static and average muscle activity. Heart rate
was higher during day shifts and average levels above 80
beats per minute indicated a rather high workload among
both Japanese and Swiss nurses.

Acknowledgement

We thank Chiemi Hayashi (Occupational Ergonomic
Unit, Management in Health Care Sciences, Graduate
School of Health Sciences, Jikei Institute, 1-2—8 Miyaha-
ra, Yodogawaku, Osaka 532-0003, Japan) for doing many
of the strenuous night shift measurements in the Japanese
part of the study.

References

1) Caruso CC, Waters TR (2008) A review of work schedule
issues and musculoskeletal disorders with an emphasis on
the healthcare sector. Ind Health 46, 523-34. [Medline]
[CrossRef]

2) Hui L, Ng GYF, Yeung SSM, Hui-Chan CWY (2001)
Evaluation of physiological work demands and low back
neuromuscular fatigue on nurses working in geriatric
wards. Appl Ergon 32, 479-83. [Medline] [CrossRef]

3) Salerno S, Livigni L, Magrini A, Talamanca IF (2012)
Gender and ergonomics: a case study on the ‘non-formal’
work of women nurses. Ergonomics 55, 140-6. [Medline]
[CrossRef]

4) Smith DR, Wei N, Kang L, Wang RS (2004)
Musculoskeletal disorders among professional nurses
in mainland China. J Prof Nurs 20, 390-5. [Medline]
[CrossRef]

5) Tezel A (2005) Musculoskeletal complaints among a group
of Turkish nurses. Int J Neurosci 115, 871-80. [Medline]
[CrossRef]

6) Lusted MJ, Carrasco CL, Mandryk JA, Healey S (1996)
Self reported symptoms in the neck and upper limbs in
nurses. Appl Ergon 27, 381-7. [Medline] [CrossRef]

7) Bos E, Krol B, van der Star L, Groothoff J (2007) Risk
factors and musculoskeletal complaints in non-specialized
nurses, IC nurses, operation room nurses, and X-ray
technologists. Int Arch Occup Environ Health 80, 198-206.
[Medline] [CrossRef]

8) Aaras A (1994) Relationship between trapezius load and
the incidence of musculoskeletal illness in the neck and
shoulder. Int J Ind Ergon 14, 341-8. [CrossRef]

9) Hanvold TN, Wearsted M, Veiersted KB (2012) Long
periods with uninterrupted muscle activity related to neck
and shoulder pain. Work 41 Suppl 1, 2535-8. [Medline]

10) Mathiassen SE, Winkel J, Higg GM (1995) Normalization
of surface EMG amplitude from the upper trapezius muscle

Industrial Health 2014, 52, 225-234


http://www.ncbi.nlm.nih.gov/pubmed/19088404?dopt=Abstract
http://dx.doi.org/10.2486/indhealth.46.523
http://www.ncbi.nlm.nih.gov/pubmed/11534793?dopt=Abstract
http://dx.doi.org/10.1016/S0003-6870(01)00025-4
http://www.ncbi.nlm.nih.gov/pubmed/22248389?dopt=Abstract
http://dx.doi.org/10.1080/00140139.2011.637134
http://www.ncbi.nlm.nih.gov/pubmed/15599873?dopt=Abstract
http://dx.doi.org/10.1016/j.profnurs.2004.08.002
http://www.ncbi.nlm.nih.gov/pubmed/16019580?dopt=Abstract
http://dx.doi.org/10.1080/00207450590897941
http://www.ncbi.nlm.nih.gov/pubmed/15677078?dopt=Abstract
http://dx.doi.org/10.1016/S0003-6870(96)00030-0
http://www.ncbi.nlm.nih.gov/pubmed/16799823?dopt=Abstract
http://dx.doi.org/10.1007/s00420-006-0121-8
http://dx.doi.org/10.1016/0169-8141(94)90022-1
http://www.ncbi.nlm.nih.gov/pubmed/22317101?dopt=Abstract

WORKLOAD IN SWISS AND JAPANESE NURSES

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

in ergonomic studies —A review. J Electromyogr Kinesiol 5,
197-226. [Medline] [CrossRef]

Veiersted KB, Westgaard RH, Andersen P (1993)
Electromyographic evaluation of muscular work pattern
as a predictor of trapezius myalgia. Scand J Work Environ
Health 19, 284-90. [Medline] [CrossRef]

Ostensvik T, Veiersted KB, Nilsen P (2009) Association
between numbers of long periods with sustained low-level
trapezius muscle activity and neck pain. Ergonomics 52,
1556—67. [Medline] [CrossRef]

Hagg GM (1991) Static work loads and occupational myalgia
—a new explanation model. In: Electromyographical
Kinesiology, Anderson P, Hobart D, and Dainoff J (Eds.),
141-4, Elsevier, Amsterdam.

Conway PM, Campanini P, Sartori S, Dotti R, Costa G
(2008) Main and interactive effects of shiftwork, age and
work stress on health in an Italian sample of healthcare
workers. Appl Ergon 39, 630-9. [Medline] [CrossRef]
Estryn-Behar M, van der Heijden B, Camerino D, Fry C,
Le Nezet O, Conway PM Hasselhorn HM, NEXT Study
group (2008) Violence risks in nursing—results from the
European ‘NEXT’ Study. Occup Med (Lond) 58, 107-14.
[Medline] [CrossRef]

Bonde JP, Hansen J, Kolstad HA, Mikkelsen S, Olsen
JH, Blask DE, Harméd M, Kjuus H, de Koning HJ, Olsen
J, Moller M, Schernhammer ES, Stevens RG, Akerstedt
T (2012) Work at night and breast cancer—report on
evidence-based options for preventive actions. Scand J
Work Environ Health 38, 380-90. [Medline] [CrossRef]
Léaubli T, Miiller C (2009) Arbeitsbedingungen und
Erkrankungen des Bewegungsapparates -Geschitzte
Fallzahlen und volkswirtschaftliche Kosten fiir die
Schweiz. http://www.news.admin.ch/NSBSubscriber/
message/attachments/16739.pdf. Accessed June 9, 2012.
Camerino D, Sandri M, Sartori S, Conway PM, Campanini
P, Costa G (2010) Shiftwork, work-family conflict among
Italian nurses, and prevention efficacy. Chronobiol Int 27,
1105-23. [Medline] [CrossRef]

Hammig O, Knecht M, Léubli T, Bauer GF (2011) Work-
life conflict and musculoskeletal disorders: a cross-sectional
study of an unexplored association. BMC Musculoskelet
Disord 12, 60. [Medline] [CrossRef]

Birch L, Juul-Kristensen B, Jensen C, Finsen L, Christensen
H (2000) Acute response to precision, time pressure and
mental demand during simulated computer work. Scand J
Work Environ Health 26, 299-305. [Medline] [CrossRef]
Lundberg U, Kadefors R, Melin B, Palmerud G, Hassmen P,
Engstrom M, Dohns IE (1994) Psychophysiological stress
and EMG activity of the trapezius muscle. Int J Behav Med
1, 354-70. [Medline] [CrossRef]

Myny D, Van Hecke A, De Bacquer D, Verhaeghe S, Gobert
M, Defloor T, Van Goubergen D (2012) Determining a
set of measurable and relevant factors affecting nursing
workload in the acute care hospital setting: a cross-sectional
study. Int J Nurs Stud 49, 427-36. [Medline] [CrossRef]

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

233

Abbey M, Chaboyer W, Mitchell M (2012) Understanding
the work of intensive care nurses: a time and motion study.
Aust Crit Care 25, 13-22. [Medline] [CrossRef]
Pekkarinen L, Elovainio M, Sinervo T, Heponiemi T, Aalto
AM, Noro A, Finne-Soveri H (2013) Job demands and
musculoskeletal symptoms among female geriatric nurses:
the moderating role of psychosocial resources. J Occup
Health Psychol 18, 211-9. [Medline] [CrossRef]

Heiden B, Weigl M, Angerer P, Miiller A (2013) Association
of age and physical job demands with musculoskeletal
disorders in nurses. Appl Ergon 44, 652—8. [Medline]
[CrossRef]

Trinkoff AM, Le R, Geiger-Brown J, Lipscomb J, Lang G
(2006) Longitudinal relationship of work hours, mandatory
overtime, and on-call to musculoskeletal problems in
nurses. Am J Ind Med 49, 964-71. [Medline] [CrossRef]
Nicoletti C, Spengler CM, Laubli T (2014) Physical
workload, trapezius muscle activity, and neck pain in
nurses’ night and day shifts: a physiological evaluation.
Appl Ergon 45, 741-6. [Medline] [CrossRef]
SENIAM(2012) Surface electromyography for the non-
invasive assessment of muscles. http://www.seniam.org.
Accessed June 9, 2012

Hagg GM, Astrom A (1997) Load pattern and pressure pain
threshold in the upper trapezius muscle and psychosocial
factors in medical secretaries with and without shoulder/
neck disorders. Int Arch Occup Environ Health 69, 423-32.
[Medline] [CrossRef]

Hansson GA, Nordander C, Asterland P, Ohlsson K,
Stromberg U, Skerfving S, Rempel D (2000) Sensitivity
of trapezius electromyography to differences between
work tasks —influence of gap definition and normalisation
methods. J Electromyogr Kinesiol 10, 103—15. [Medline]
[CrossRef]

Laubli T (2013) Elektromyographische Untersuchungen des
Trapezmuskels (pars descendens) bei sieben verschiedenen
Normalisierungspositionen und bei maximaler
Schulterelevation. Zbl Arbeitsmed 63, 266-9.

Westgaard RH, Vasseljen O, Holte KA (2001) Trapezius
muscle activity as a risk indicator for shoulder and neck
pain in female service workers with low biomechanical
exposure. Ergonomics 44, 339-53. [Medline] [CrossRef]
Akesson I, Balogh I, Hansson GA (2012) Physical
workload in neck, shoulders and wrists/hands in dental
hygienists during a work-day. Appl Ergon 43, 803—11.
[Medline] [CrossRef]

Nimbarte AD, Al Hassan MJ, Guffey SE, Myers WR (2012)
Influence of psychosocial stress and personality type on the
biomechanical loading of neck and shoulder muscles. Int J
Ind Ergon 42, 397—405. [CrossRef]

Sjegaard G, Lundberg U, Kadefors R (2000) The role of
muscle activity and mental load in the development of pain
and degenerative processes at the muscle cell level during
computer work. Eur J Appl Physiol 83, 99-105. [Medline]
[CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/20719652?dopt=Abstract
http://dx.doi.org/10.1016/1050-6411(94)00014-X
http://www.ncbi.nlm.nih.gov/pubmed/8235518?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.1472
http://www.ncbi.nlm.nih.gov/pubmed/19941187?dopt=Abstract
http://dx.doi.org/10.1080/00140130903199889
http://www.ncbi.nlm.nih.gov/pubmed/18313640?dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2008.01.007
http://www.ncbi.nlm.nih.gov/pubmed/18211910?dopt=Abstract
http://dx.doi.org/10.1093/occmed/kqm142
http://www.ncbi.nlm.nih.gov/pubmed/22349009?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.3282
http://www.ncbi.nlm.nih.gov/pubmed/20636219?dopt=Abstract
http://dx.doi.org/10.3109/07420528.2010.490072
http://www.ncbi.nlm.nih.gov/pubmed/21410950?dopt=Abstract
http://dx.doi.org/10.1186/1471-2474-12-60
http://www.ncbi.nlm.nih.gov/pubmed/10994795?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.546
http://www.ncbi.nlm.nih.gov/pubmed/16250795?dopt=Abstract
http://dx.doi.org/10.1207/s15327558ijbm0104_5
http://www.ncbi.nlm.nih.gov/pubmed/22030021?dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2011.10.005
http://www.ncbi.nlm.nih.gov/pubmed/21937236?dopt=Abstract
http://dx.doi.org/10.1016/j.aucc.2011.08.002
http://www.ncbi.nlm.nih.gov/pubmed/23458058?dopt=Abstract
http://dx.doi.org/10.1037/a0031801
http://www.ncbi.nlm.nih.gov/pubmed/23399023?dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2013.01.001
http://www.ncbi.nlm.nih.gov/pubmed/16691609?dopt=Abstract
http://dx.doi.org/10.1002/ajim.20330
http://www.ncbi.nlm.nih.gov/pubmed/24140243?dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2013.09.016
http://www.ncbi.nlm.nih.gov/pubmed/9215929?dopt=Abstract
http://dx.doi.org/10.1007/s004200050170
http://www.ncbi.nlm.nih.gov/pubmed/10699558?dopt=Abstract
http://dx.doi.org/10.1016/S1050-6411(99)00030-9
http://www.ncbi.nlm.nih.gov/pubmed/11219764?dopt=Abstract
http://dx.doi.org/10.1080/00140130119649
http://www.ncbi.nlm.nih.gov/pubmed/22208356?dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2011.12.001
http://dx.doi.org/10.1016/j.ergon.2012.05.001
http://www.ncbi.nlm.nih.gov/pubmed/11104050?dopt=Abstract
http://dx.doi.org/10.1007/s004210000285

234

36)

37)

Tanaka K, Takahashi M, Hiro H, Kakinuma M, Tanaka M,
Kamata N, Miyaoka H (2010) Differences in medical error
risk among nurses working two- and three-shift systems
at teaching hospitals: a six-month prospective study. Ind
Health 48, 357-64. [Medline] [CrossRef]

Arakawa C, Kanoya Y, Sato C (2011) Factors contributing
to medical errors and incidents among hospital nurses
—nurses’ health, quality of life, and workplace predict
medical errors and incidents—. Ind Health 49, 381-8.
[Medline] [CrossRef]

38)

39)

C NICOLETTI et al.

Scheer FA, Hu K, Evoniuk H, Kelly EE, Malhotra A,
Hilton MF, Shea SA (2010) Impact of the human circadian
system, exercise, and their interaction on cardiovascular
function. Proc Natl Acad Sci USA 107, 20541-6. [Medline]
[CrossRef]

Happell B, Dwyer T, Reid-Searl K, Burke KJ, Caperchione
CM, Gaskin CJ (2013) Nurses and stress: recognizing
causes and seeking solutions. J Nurs Manag 21, 638—47.
[Medline] [CrossRef]

Industrial Health 2014, 52, 225-234


http://www.ncbi.nlm.nih.gov/pubmed/20562512?dopt=Abstract
http://dx.doi.org/10.2486/indhealth.48.357
http://www.ncbi.nlm.nih.gov/pubmed/21372434?dopt=Abstract
http://dx.doi.org/10.2486/indhealth.MS968
http://www.ncbi.nlm.nih.gov/pubmed/21059915?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1006749107
http://www.ncbi.nlm.nih.gov/pubmed/23700980?dopt=Abstract
http://dx.doi.org/10.1111/jonm.12037

