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Abstract

Background: Morethan onethird of nurses experience muscul oskeletal pain several times during anormal work week. Consistent
use of assistive devices during patient transfers is associated with a lower risk of occupational back injuries and low back pain
(LBP). While uncertainties exist regarding which type of assistive devices most efficiently prevent LBP, exposure assessments
using technological advancements allow for quantification of muscle load and body positions during common work tasks.

Objective: Themain objectives of thisstudy are (1) to quantify low back and neck/shoulder muscleload in Danish nursesduring
patient transfers performed with different types of assistive devices, and (2) to combine the exposure profile for each type of
assistive device with fortnightly questionnaires to identify the importance of muscle load (intensity and frequency of transfers)
and body position (degree of back inclination and frequency) on LBP intensity and risk of back injury during a patient transfer.

Methods: A combination of technical measurements (n=50) and a prospective study design (n=2000) will be applied on a cohort
of female nurses in Danish hospitals. The technica measurements will be comprised of surface electromyography and
accelerometers, with the aim of quantifying muscle load and body positions during various patient transfers, including different
types of assistive devicesthroughout aworkday. The study will thereby gather measurements during real-life working conditions.
The prospective cohort study will consist of questionnaires at baseline and 1-year follow-up, aswell asfollow-up viaemail every
other week for one year on questions regarding the frequency of patient transfers, use of assistive devices, intensity of LBP, and
back injuries related to patient transfers. The objective measurements on muscleload and body positions during patient handlings
will be applied to the fortnightly replies regarding frequency of patient transfer and use of different assistive devices, in order to
identify risk factors for back injuries related to patient transfers and intensity of LBP.

Results: Data collection is scheduled to commence during the winter of 2017.

Conclusions; The design of this study is novel in its combination of technical measurements applied on a prospective cohort,
and the results will provide important information about which assistive devices are associated with intensity of LBP and risk of
back injury related to patient transfers. Furthermore, this study will shed light on the dose-response rel ationship between intensity,
duration, and frequency of patient transfers and the intensity of L PB in Danish nurses, and will thereby help to guide and improve
electronic health practices among this popul ation.

(JMIR Res Protoc 2017;6(11):€212) doi: 10.2196/resprot.8390

KEYWORDS
nurse; low back pain; electromyography; assistive devices; pain; hospital

http://www.researchprotocols.org/2017/11/e212/ JMIR Res Protoc 2017 | vol. 6 | iss. 11| €212 | p. 1
(page number not for citation purposes)


mailto:jonasvinstrup@gmail.com
http://dx.doi.org/10.2196/resprot.8390
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Introduction

Musculoskeletal disorders (MSDs) represent a widespread
occupational disease aswell as amajor socioeconomic burden
on public health systems in Europe and North America [1,2].
Low back pain (LBP) and neck/shoulder disorders arethe main
culprits of a physically demanding job, often leading to
increased sickness absence and loss of productivity [2-4]. A
number of work-related risk factorsfor developing MSDs have
been highlighted in the literature. For example, heavy lifting as
well as frequent bending and twisting of the spine have
repeatedly been associated with increased risk of developing
LBP [2,5,6]. Additionally, a meta-analysis from 2014 showed
that both intensity and frequency of lifting tasks predict the
occurrence of LBP[7]. Therefore, even though the devel opment
of MSDs has a complex etiology comprised of individual
physical and psychosocial factors, it is clear that certain
occupations and job tasks pose an inherent risk of developing
MSDs.

One occupation that is commonly associated with MSDs as a
result of physically demanding job tasks is the health care
profession. The annual prevalence of M SDs among nurses and
nurses aidesis high (ie, 55% for LBP [8]). Furthermore, more
than 36% of Danish nurses experience musculoskeletal pain
several times during a normal work week [9]. These numbers
not only reflect serious and broad-ranging health issues for the
nurses in question, but will also have the potential to pose
significant negative consequences for their patients. For
example, asan inherent component of persistent pain, itislikely
that nurses will decrease the number and quality of patient
handlings (with and without assistive devices) due to LBPR,
which effectively diminishes the services of the hospital.

It iswell-known that the utilization of various assistive devices
during patient transfers decreases the risk of back injuries and
intensity of LBP [10,11]. Furthermore, both ergonomic
interventions [12] and the application of a “no lifting policy”
[13] have proven effectivein reducing work-related back injuries
in hospitals. Despite these developments, most health care
personnel report that they do not use appropriate assistive
devices when moving patients [14]. A recent Danish cohort
study showed that staff members performing daily patient
transfers were more prone to back injuries one year later (odds
ratio [OR] 1.56-1.81) compared with their counterparts who
did not move patientson adaily basis[10]. An equally important
finding from this cohort study was that the staff members who
used assistive devices during patient transfers experienced a
markedly lower risk of back injuriesrelated to patient transfers
one year later (OR 0.59-0.62) [10]. However, despite the clear
indications that utilizing appropriate assistive devices during
patient transfersin hospitals has a positive effect on the number
of back injuriesand prevalence of LBP, it isstill unknown which
assistive devices are most effectivein terms of LBP prevention.

Previous research has used biomechanica measurements to
identify peak loading during various job-related tasks among
health care workers [15-19]. For example, muscular load has
been shown to be significantly lower during patient transfers
when using aceiling-attached lift compared to traditional manual
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lifts from the floor [18]. Following this study, laboratory
research by Schibye et a [20] illustrated the effect of lifting
technique, showing that a self-chosen technique resultsin higher
levels of spinal loading compared with the recommended patient
transfer technique. This finding was further confirmed by
another laboratory study showing that low back compression
forces were influenced more by the health care worker’'s
technique and use of appropriate assistive devices than the
weight and disability of the patient being repositioned in bed
[21]. From the literature cited above, it appears that the
appropriate use of assistive devicesisof great importancewhen
the goal is to decrease the prevalence of MSDs and the
accompanying high amount of sickness absence in this
population of nurses. However, only a small number of studies
have measured work-rel ated muscular load during afull real-life
work day [22-24], and no study has investigated this among
health care personnel.

The primary aim of this project istherefore to quantify muscular
loads during different patient transfers. By following Danish
nurses during afull work day, this study seeksto obtain real-life
measurements during patient transfers. The key aspect of this
project is the measurement of muscle load and body positions
during a number of patient transfers, with and without the use
of assistive devices. These technical measurements, using
surface electromyography (EM G) and accel erometersto quantify
muscle activity and body movements, respectively, will allow
for identification of the biomechanical characteristicsof various
patient transfers. As preparatory work to ensure high quality
data collection, the most common types of patient transfersin
Danish hospitals have been identified and a pilot-study that
primarily served to test the EM G and actigraphy equipment has
been performed (manuscript in preparation). Furthermore,
another novel aspect of this project will combine the technical
measurements described above with the resultsfrom fortnightly
emails received from nurses in Danish hospitals. These emails
will include answers to a short questionnaire regarding the
weekly intensity, frequency, and duration of patient transfers,
aswell asthe number of back injuries (defined as a sudden and
unexpected accident during a patient transfer) and the intensity
of LBP (Visual Analogue Scale 0-10).

The combination of technical measurements (EMG and
actigraphy) and the prospective aspect of this project will allow
for the development of a detailed exposure profile [25].
Therefore, by combining the individual strengths of technical
measurements and epidemiological research methods, this
project seeks to answer important questions regarding the
implications of utilizing technical equipment/assistive devices
in Danish hospitals, and to improve electronic health (eHealth)
practices among Danish nurses.

Methods

Study Design

This study follows a cross-sectiona (technical measurements)
design as well as a prospective cohort design (questionnaires
and fortnightly electronic follow-up). The technica
measurements will be performed on full-time nurses from
hospitalsin Denmark. Therefore, by following nurses during a
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work day, the measurementswill reflect real -life patient transfer
scenarios with and without the use of appropriate assistive
devices. Data collection is expected to take place from autumn
2017 to spring 2018, and baseline questionnaires were sent out
inMarch 2017. Figure 1 shows an overview of the study design.

Ethics

Referring to the Helsinki Declaration, all participants will be
informed about the content of the study before providing written
informed consent. Thisinformation will be given both written
and verbally. The study (ie, the use of technical measurements)
is approved by the Danish National Committee on Biomedical
Research Ethics (the local ethical committee of Frederiksberg
and Copenhagen; H-3-2010-062) and the Danish Data Protection
Agency (j.nr. 2015-41-4232).

Study Population and Recruitment

Approximately 50 female nurses will be recruited from Danish
hospitals. To achieve a sufficient number of measurements of
patient transfers during each individual work day, prospects
will be approached by the lead nurse who knows the schedul es.
The generalizability of this study will therefore only apply to
female nurses, as this constitutes a homogenous group and
representsthe vast majority of health care personnel in Denmark.
Inclusion criteria will be an expected number of 10 or more
patient transfers during the work day. Exclusion criteria are
life-threatening diseases, pregnancy, and hypertension. Thetwo
former criteria will be evaluated by asking the nurse prior to
the day of testing, whereas the latter will be measured on the
day and is defined as readings >160/100 mmHg.

Electromyography and Actigraphy

Each participant will be equipped with wireless surface EMG
equipment (Noraxon, Arizona, USA), alowing for continuous
measurements. Before electrode placement, the skin will be
prepped and cleaned. EMG signals will be recorded using a
bipolar EMG configuration (Blue Sensor N-00-S, Ambu A/S,
Ballerup, Denmark) with an interelectrode distance of 2

Figure 1. Overview of study design.
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centimeters [26-28]. The electrodes will be connected directly
to wireless probes that will preamplify the signal (gain 400),
and transmit data in rea-time to a 16-channel personal
computer-interface receiver (Telemyo DTS Telemetry, Noraxon,
Arizona, USA). The sampling rate will be set to 1500 Hertz
with abandwidth of 10-500 Hertz to avoid aliasing. Joint angles
will be continuously measured and synchronized with live EMG
recordings, using two electronic accelerometers (3D DTS 24G
accelerometer, Noraxon, Arizona, USA). Previousresearch has
found strong correlations between actual |oading and normalized
EMG amplitude [29], making EMG measurements a valid
methodology to accurately detect differencesin muscle load of
the magnitude we expect to see in this project.

Data Collection

Before the beginning of a work day, the participant will enter
the room designated for equipment application and testing. The
EMG electrodes will be positioned bilaterally on: (1) the upper
trapezius, 2 centimeters lateral from the middistance between
the C7 vertebra and the acromion; (2) on the lower trapezius,
2/3 on the line from the trigonum spinea to the eighth thoracic
vertebra; (3) on erector spinae longissimus, two finger widths
lateral from L1; and (4) on erector spinaeiliocostalis, onefinger
width media from the line from the posterior spinae iliaca
superior to the lowest point of therib, at thelevel of L2[30,31].
The erector spinae musclesare of primary interest, whereasthe
trapezius muscles will constitute a future secondary analysisin
relation to the high prevalence of neck/shoulder MSDs seen
among nurses.

The two accelerometers will be positioned on the lower back
(just above the sacroiliac joint) and on the upper back (just
below C7 vertebra). The equipment listed will be fixated with
adhesive tape (Fixomull, BSN medical GmbH, Hamburg,
Germany), and the strength of the signal will be confirmed.
After successful application, normalization procedures will be
performed.

Observations in Danish hospitals

Baseline questionnaire, n=4000

¥

¥

Testing of measurement equipment

Short fortnightly questionnaire for 1 year

Recruitment for main study

¥

Measurements during a work-day, n=50

1 year follow-up questionnaire

Development of task-exposure-matrix
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These procedures will consist of: (1) maximal isometric
voluntary contractions (MVICs); and (2) submaximal isometric
contractions, which will be performed inthe morning and again
in the afternoon. We will include both procedures as the latter
has recently shown greater reliability for the erector spinae
muscle[32]. Two trialswithin each procedure will be performed
for al muscles. For the erector spinae muscles, both the MVICs
and the submaximal isometric contractions will be performed
in the prone Biering-Soerensen test-position [33,34]. Likewise,
in this position, a muscle endurance test for the erector spinae
muscles will be performed in the afternoon. For the upper
trapezius, both normalization procedures will be performed in
astanding position with 90-degree arm abduction, whereas the
MVICsfor the lower trapezius muscles will be performed in a
prone position with 130-degree shoulder abduction [35].
Likewise, the accelerometers will be calibrated in known
positions prior to fixation, as well as when positioned on the
subject during (1) upright standing position, (2) bending
forwards to a horizontal torso position with flexed knees, (3)
maximal forward bending with straight legs, (4) arching
forwards, and (5) arching sideways. The accelerometer
normalizations will be performed in the morning and again in
the afternoon.

Following the initialization and normalization procedures
described above, the participant will start her work day. The
test leader will follow the participant as she is performing
various patient transfers. Given the nature of the wireless
equipment, the test leader will be able to visually monitor the
live EMG signals on a laptop. To ensure an adequate level of
detail of al patient transfersusing this setup, thetest |eader will
observe and note the type of patient transfer and associated
assistive devices, the number of nurses involved, as well as
patient characteristics (age, body mass, height, and level of
self-reliance). Using this methodology, it will be possible to
differentiate each patient transfer into its partial liftsthat together
congtitute the whole. Thisapproach will providealevel of detail
novel to thisfield and will allow for more precise measurements
of exposure during patient transfers. After finishing her shift,
the nursewill return to the test room for end-day normalizations.
By using the average val ue from the standardized normalizations
performed before and after the work day, as well as EMG
temporal and spectral changes [36], we aim to document the
potential effects of fatigue on the EMG measurements.

Outcomes

The main outcomes of this project will be the association
between low back muscle activity intensity (normalized EMG
and frequency of patient transfers) and body position (position
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and frequency), on the risk of back injury related to patient
transfer and changeinintensity of LBP during aone-year period.

Thefirst article will be descriptive in terms of muscle load and
body position while using different assistive devices. The
following articles will apply the results of technica
measurements to the cohort (n=2000) with main outcomes,
which are LBP intensity and risk of back injury during patient
transfers.

Statistics

All statistical analyses will be performed using SAS statistical
software for Windows (SAS Institute, Cary, NC). Poisson
regression (injury) and linear regression (LBP) models will be
performed using generalized estimating equations (Proc

Genmoad) and linear mixed models (Proc Mixed). Analphalevel
of 0.05 will be accepted as significant.

Results

Data collection is scheduled to commence during the winter of
2017.

Discussion

Thisisthefirst project to investigate the effect of using assistive
devices during patient transfers via a combination of technical
measurements and a prospective cohort design. Whereas
previous research has either used biomechanical measurements
to identify musculoskeletal loads during work or
questionnaire-based designs to quantify work-related MSDs,
this combination of research methodol ogies enablesusto create
exposure matrices regarding the dose-response rel ationship and
importance of load, intensity, frequency, and type of patient
transfer, in addition their individual associationswith LBP back
injuries related to patient transfers. In contrast to the
job-exposure matrix commonly used in epidemiological studies,
this exposure matrix will provide much greater detail as it
assigns job exposure according to the specific tasks performed
by the nurse. Furthermore, this is the first study to perform
real-life measurements on nurses during a work day and will
undoubtedly result in more realistic identification of potential
risk factors, which can be made readily available as part of the
electroniclearning material currently used by nurses. Therefore,
the present study has the potential to provide essentia and
detailed knowledge regarding the use of assistive devicesduring
patient transfers in hospitals, and (via improved eHealth
practices) to better guide the workplaces' efforts to reduce the
number of back injuries and the occurrence of MSDs among
female nurses.

Author LLA obtained a grant from the Danish Working Environment Research Fund (Arbejdsmiljaforskningsfonden) for this

study (grant number AMFF 26-2015-09).

Conflictsof Interest
None declared.

References

http://www.researchprotocols.org/2017/11/e212/

JMIR Res Protoc 2017 | vol. 6 | iss. 11| €212 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Vinstrup et &

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

European Agency for Safety and Health at Work. European risk observatory report, OSH in figures: work-related

muscul oskeletal disordersin the EU - facts and figures. Luxembourg: Publications Office of the European Union; 2010.
Ribeiro T, Serranheira F, Loureiro H. Work related muscul oskeletal disordersin primary health care nurses. Appl Nurs
Res 2017 Feb;33:72-77. [doi: 10.1016/j.apnr.2016.09.003] [Medline: 28096027]

Andersen LL, Clausen T, Persson R, Holtermann A. Dose-response relation between perceived physical exertion during
healthcare work and risk of long-term sickness absence. Scand JWork Environ Health 2012 Nov;38(6):582-589 [FREE
Full text] [doi: 10.5271/sjweh.3310] [Medline: 22714069]

Hansson EK, Hansson TH. The costs for persons sick-listed more than one month because of low back or neck problems.
A two-year prospective study of Swedish patients. Eur Spine J 2005 May;14(4):337-345 [FREE Full text] [doi:
10.1007/s00586-004-0731-3] [Medline: 15150703]

Burdorf A, Sorock G. Positive and negative evidence of risk factorsfor back disorders. Scand JWork Environ Health 1997
Aug;23(4):243-256 [FREE Full text] [Medline: 9322815]

Punnett L, Wegman DH. Work-related muscul oskeletal disorders: the epidemiol ogic evidence and the debate. J Electromyogr
Kinesiol 2004 Feb;14(1):13-23. [doi: 10.1016/].jelekin.2003.09.015] [Medline: 14759746]

Coenen P, Gouttebarge V, van der Burght AS, van Dieén JH, Frings-Dresen MH, van der Beek AJ, et a. The effect of
lifting during work on low back pain: a health impact assessment based on a meta-analysis. Occup Environ Med 2014
Dec;71(12):871-877. [doi: 10.1136/0emed-2014-102346] [Medline: 25165395]

DavisKG, Katowski SE. Prevalence of musculoskeletal disorders for nurses in hospitals, long-term care facilities, and
home health care: a comprehensive review. Hum Factors 2015 Aug;57(5):754-792. [doi: 10.1177/0018720815581933]
[Medline: 25899249]

Mgiler Pedersen J, Bach E. National e Forskningscenter for Arbejdsmiljg. Danskernes arbejdsmiljg 2014. Copenhagen: Det
Nationale Forskningscenter for Arbejdsmiljg; 2016:978-987.

AndersenLL, Burdorf A, Fallentin N, Persson R, Jakobsen MD, Mortensen OS, et al. Patient transfers and assistive devices:
prospective cohort study on the risk for occupational back injury among healthcare workers. Scand JWork Environ Health
2014 Jan;40(1):74-81 [FREE Full text] [doi: 10.5271/sjweh.3382] [Medline: 24030699]

Duclay J, Robbe A, Pousson M, Martin A. Effect of angular velocity on soleus and medial gastrocnemius H-reflex during
maximal concentric and eccentric muscle contraction. J Electromyogr Kinesiol 2009 Oct;19(5):948-956. [doi:
10.1016/j.jelekin.2008.04.011] [Medline: 18555699]

Garg A, Kapellusch JM. Long-term efficacy of an ergonomics program that includes patient-handling devices on reducing
muscul oskeletal injuries to nursing personnel. Hum Factors 2012 Aug;54(4):608-625. [doi: 10.1177/0018720812438614]
[Medline: 22908684]

Martin PJ, Harvey JT, Culvenor JF, Payne WR. Effect of a nurse back injury prevention intervention on the rate of injury
compensation claims. J Safety Res 2009;40(1):13-19. [doi: 10.1016/j.js.2008.10.013] [Medline: 19285581]

Jakobsen MD, Aust B, Dyreborg J, KinesP, IllumMB, Andersen LL . Participatory organizational intervention for improved
use of assistive devices for patient transfer: study protocol for a single-blinded cluster randomized controlled trial. BMC
Musculoskelet Disord 2016 Dec 20;17(1):501 [FREE Full text] [doi: 10.1186/s12891-016-1339-6] [Medline: 27998265]
Hodder IN, Holmes MW, Keir PJ. Continuous assessment of work activities and posturein long-term care nurses. Ergonomics
2010 Sep;53(9):1097-1107. [doi: 10.1080/00140139.2010.502252] [Medline: 20737335]

Holmes MW, Hodder N, Keir PJ. Continuous assessment of low back loads in long-term care nurses. Ergonomics 2010
Sep;53(9):1108-1116. [doi: 10.1080/00140139.2010.502253] [Medline: 20737336]

Jager M, Jordan C, Theilmeier A, Wortmann N, Kuhn S, Nienhaus A, et al. Lumbar-load analysis of manual patient-handling
activities for biomechanical overload prevention among healthcare workers. Ann Occup Hyg 2013 May;57(4):528-544.
[doi: 10.1093/annhyg/mes088] [Medline: 23253360]

Keir PJ, MacDonell CW. Muscle activity during patient transfers: a preliminary study on the influence of lift assists and
experience. Ergonomics 2004 Feb 26;47(3):296-306. [doi: 10.1080/0014013032000157922] [Medline: 14668163]
Koppelaar E, Knibbe HJ, Miedema HS, Burdorf A. Theinfluence of ergonomic devices on mechanical load during patient
handling activitiesin nursing homes. Ann Occup Hyg 2012 Jul;56(6):708-718. [doi: 10.1093/annhyg/mes009] [Medline:
22393034]

Schibye B, Hansen AF, Hye-Knudsen CT, Essendrop M, Bécher M, Skotte J. Biomechanical analysis of the effect of
changing patient-handling technique. Appl Ergon 2003 Mar;34(2):115-123. [doi: 10.1016/S0003-6870(03)00003-6]
[Medline: 12628568]

Skotte J, Fallentin N. Low back injury risk during repositioning of patientsin bed: the influence of handling technique,
patient weight and disability. Ergonomics 2008 Jul;51(7):1042-1052. [doi: 10.1080/00140130801915253] [Medline:
18568963]

Hanvold TN, Waasted M, Mengshoel AM, Bjertness E, Stigum H, Twisk J, et al. The effect of work-related sustained
trapezius muscle activity on the development of neck and shoulder pain among young adults. Scand JWork Environ Health
2013 Jul;39(4):390-400 [FREE Full text] [doi: 10.5271/5jweh.3357] [Medline: 23494255]

http://www.researchprotocols.org/2017/11/e212/ JMIR Res Protoc 2017 | vol. 6 | iss. 11| €212 | p. 5

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.apnr.2016.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28096027&dopt=Abstract
http://www.sjweh.fi/show_abstract.php?abstract_id=3310
http://www.sjweh.fi/show_abstract.php?abstract_id=3310
http://dx.doi.org/10.5271/sjweh.3310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22714069&dopt=Abstract
http://europepmc.org/abstract/MED/15150703
http://dx.doi.org/10.1007/s00586-004-0731-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15150703&dopt=Abstract
http://www.sjweh.fi/show_abstract.php?abstract_id=217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9322815&dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2003.09.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14759746&dopt=Abstract
http://dx.doi.org/10.1136/oemed-2014-102346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25165395&dopt=Abstract
http://dx.doi.org/10.1177/0018720815581933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25899249&dopt=Abstract
http://www.sjweh.fi/show_abstract.php?abstract_id=3382
http://dx.doi.org/10.5271/sjweh.3382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24030699&dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2008.04.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18555699&dopt=Abstract
http://dx.doi.org/10.1177/0018720812438614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22908684&dopt=Abstract
http://dx.doi.org/10.1016/j.jsr.2008.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19285581&dopt=Abstract
https://www.biomedcentral.com/1471-2474/17/501
http://dx.doi.org/10.1186/s12891-016-1339-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27998265&dopt=Abstract
http://dx.doi.org/10.1080/00140139.2010.502252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20737335&dopt=Abstract
http://dx.doi.org/10.1080/00140139.2010.502253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20737336&dopt=Abstract
http://dx.doi.org/10.1093/annhyg/mes088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23253360&dopt=Abstract
http://dx.doi.org/10.1080/0014013032000157922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14668163&dopt=Abstract
http://dx.doi.org/10.1093/annhyg/mes009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22393034&dopt=Abstract
http://dx.doi.org/10.1016/S0003-6870(03)00003-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12628568&dopt=Abstract
http://dx.doi.org/10.1080/00140130801915253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18568963&dopt=Abstract
http://www.sjweh.fi/show_abstract.php?abstract_id=3357
http://dx.doi.org/10.5271/sjweh.3357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23494255&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Vinstrup et &

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Jakobsen MD, Sundstrup E, Persson R, Andersen CH, Andersen LL. IsBorg's perceived exertion scale a useful indicator
of muscular and cardiovascular load in blue-collar workers with lifting tasks? A cross-sectional workplace study. Eur J
Appl Physiol 2014 Feb;114(2):425-434 [FREE Full text] [doi: 10.1007/s00421-013-2782-9] [Medline: 24337669]
Kaoblauch H. Low back load in airport baggage handlers. Dan Med J 2016 Apr;63(4). [Medline: 27034189]

Benke G, Sim M, Fritschi L, Aldred G. Beyond the job exposure matrix (JEM): the task exposure matrix (TEM). Ann
Occup Hyg 2000 Sep;44(6):475-482. [Medline: 10963712]

Vinstrup J, Calatayud J, Jakobsen MD, Sundstrup E, Jergensen JR, CasafiaJ, et al. Hand strengthening exercisesin chronic
stroke patients: dose-response evaluation using electromyography. JHand Ther 2017 May 17. [doi: 10.1016/j.jht.2017.01.004]
[Medline: 28527751]

Vinstrup J, Skals S, Calatayud J, Jakobsen MD, Sundstrup E, Pinto MD, et a. Electromyographic eval uation of high-intensity
elastic resistance exercises for lower extremity muscles during bed rest. Eur J Appl Physiol 2017 Jul;117(7):1329-1338.
[doi: 10.1007/s00421-017-3620-2] [Medline: 28447184]

Vinstrup J, Calatayud J, Jakobsen MD, Sundstrup E, Jay K, Brandt M, et a. Electromyographic comparison of conventional
machine strength training versus bodyweight exercises in patients with chronic stroke. Top Stroke Rehabil 2017
May;24(4):242-249. [doi: 10.1080/10749357.2016.1274466] [Medline: 28056670]

Andersen LL, Andersen CH, Mortensen OS, Poulsen OM, Bjarnlund IBT, Zebis MK. Muscle activation and perceived
loading during rehabilitation exercises: comparison of dumbbellsand elastic resistance. Phys Ther 2010 Apr;90(4):538-549.
[doi: 10.2522/ptj.20090167] [Medline: 20133444]

Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of recommendations for SEMG sensors and sensor
placement procedures. J Electromyogr Kinesiol 2000 Oct;10(5):361-374. [Medline: 11018445]

FarinaD, Madeleine P, Graven-Nielsen T, Merletti R, Arendt-Nielsen L. Standardising surface el ectromyogram recordings
for assessment of activity and fatigue in the human upper trapezius muscle. Eur J Appl Physiol 2002 Apr;86(6):469-478.
[doi: 10.1007/s00421-001-0574-0] [Medline: 11944093]

Jackson J, Mathiassen S, Callaghan J, Dempsey P. Precision based guidelinesfor sub-maximal normalisation task selection
for trunk extensor EMG. J Electromyogr Kinesiol 2017 Jul 20;37:41-51. [doi: 10.1016/j.jelekin.2017.07.001] [Medline:
28918109]

Biering-Sgrensen F. Physical measurements asrisk indicators for low-back trouble over aone-year period. Spine (PhilaPa
1976) 1984 Mar;9(2):106-119. [Medline: 6233709]

Villafafie JH, Gobbo M, Peranzoni M, Naik G, Imperio G, Cleland JA, et a. Validity and everyday clinical applicability
of lumbar muscle fatigue assessment methods in patients with chronic non-specific low back pain: a systematic review.
Disabil Rehabil 2016 Sep;38(19):1859-1871. [doi: 10.3109/09638288.2015.1107777] [Medline: 26732899]

McCabe RA, Orishimo KF, McHugh MP, Nicholas SJ. Surface electromygraphic analysis of the lower trapezius muscle
during exercises performed below ninety degrees of shoulder elevation in healthy subjects. N Am J Sports Phys Ther 2007
Feb;2(1):34-43 [FREE Full text] [Medline: 21522201]

Madeleine P, FarinaD, Merletti R, Arendt-Nielsen L. Upper trapezius muscle mechanomyographic and electromyographic
activity in humans during low force fatiguing and non-fatiguing contractions. Eur JAppl Physiol 2002 Aug;87(4-5):327-336.
[doi: 10.1007/s00421-002-0655-8] [Medline: 12172870]

Abbreviations

eHealth: electronic health

EMG: electromyography

LBP: low back pain

MSD: musculoskeletal disorder

MVIC: maximal isometric voluntary contraction
OR: oddsratio

Edited by G Eysenbach; submitted 10.07.17; peer-reviewed by M lzquierdo, C Andersen, MS Alhalabi, M Alshehri; comments to
author 30.08.17; revised version received 13.09.17; accepted 13.09.17; published 08.11.17

Please cite as:

Vinstrup J, Madeleine P, Jakobsen MD, Jay K, Andersen LL

Patient Transfers and Risk of Back Injury: Protocol for a Prospective Cohort Sudy Wth Technical Measurements of Exposure
JMIR Res Protoc 2017;6(11):€212

URL: http://www.researchprotocols.org/2017/11/e212/

doi: 10.2196/resprot.8390

PMID: 29117932

http://www.researchprotocols.org/2017/11/e212/ JMIR Res Protoc 2017 | vol. 6 | iss. 11| €212 | p. 6

(page number not for citation purposes)


http://europepmc.org/abstract/MED/24337669
http://dx.doi.org/10.1007/s00421-013-2782-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24337669&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27034189&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10963712&dopt=Abstract
http://dx.doi.org/10.1016/j.jht.2017.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28527751&dopt=Abstract
http://dx.doi.org/10.1007/s00421-017-3620-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28447184&dopt=Abstract
http://dx.doi.org/10.1080/10749357.2016.1274466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28056670&dopt=Abstract
http://dx.doi.org/10.2522/ptj.20090167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20133444&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11018445&dopt=Abstract
http://dx.doi.org/10.1007/s00421-001-0574-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11944093&dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2017.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28918109&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6233709&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2015.1107777
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26732899&dopt=Abstract
http://europepmc.org/abstract/MED/21522201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21522201&dopt=Abstract
http://dx.doi.org/10.1007/s00421-002-0655-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12172870&dopt=Abstract
http://www.researchprotocols.org/2017/11/e212/
http://dx.doi.org/10.2196/resprot.8390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29117932&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Vinstrup et &

©Jonas Vinstrup, Pascal Madeleine, Markus Due Jakobsen, Kenneth Jay, Lars Louis Andersen. Originally published in IMIR
Research Protocols (http://www.researchprotocols.org), 08.11.2017. Thisis an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly

cited. The complete bibliographic information, alink to the original publication on http://www.researchprotocols.org, as well as
this copyright and license information must be included.

http://www.researchprotocols.org/2017/11/e212/ JMIR Res Protoc 2017 | vol. 6 | iss. 11| €212 | p. 7

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

