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ABSTRACT

Objectives. The aim of this systematic review was to describe interventions which promote safe patient
handling and movement (PHM) among workers in healthcare by reviewing the literature on their
effectiveness for work and health-related outcomes. Methods. Databases were searched for studies
published during 1997-2018. Measures were operationalized broadly, capturing outcomes of work and
health. Only randomized controlled trials (RCTs) and cohort studies with a control group were included.
Quality was assessed using evidence-based checklists by the Swedish Agency for Health Technology
Assessment and Assessment of Social Services. Results. The systematic review included 10 RCTs and
19 cohort studies. Providing work equipment and training workers is effective: it can increase usage.
Training workers to be peer coaches is associated with fewer injuries. Other effective strategies are par-
ticipatory ergonomics and management engagement in collaboration with workers, facilitating safe
PHM. Conclusions. This systematic review suggests that interventions for safe PHM with an impact of
health-related outcomes should include access to work equipment, training as well as employer and

employee engagement. The additional impact of multifaceted interventions is inconclusive.

Practitioner summary

In clinical practice, there is a need for employers in healthcare
to provide healthcare workers access to suitable work equip-
ment and to provide training on how to use work equipment to
prevent work-related injuries. Furthermore, the study also indi-
cates that training and appointing peer coaches can facilitate
safe manual handling and movement (PHM), and that it can be
beneficial to involve workers in a participatory approach.

1. Introduction

Patient handling and movement (PHM) is one of the most
common healthcare situations in which work-related muscu-
loskeletal injuries occur. Until now, the scientific literature has
mainly described outcomes such as work-related injuries in
the lower back, neck and shoulder among healthcare work-
ers such as nurses and nurse assistants [1-3]. Frequent patient
transfers, heavy lifting and patient mobilizations have been
shown to be risk factors for lower back pain (LBP) [4,5]. The
risk of musculoskeletal disorders (MSDs) and sickness absence
is also reported to be high among occupational groups such
as nurses and assistant nurses since their work is physically
demanding [6]. Organizational and social factors in the work
environment, such as high workload or under-staffing, can also
give rise to work injuries. In a review, Bernal et al. [7] found a
relationship between psychosocial risk factors and increased
incidence of MSDs among nurses and nurse assistants. We
can conclude that the risk factors for MSDs are multifactorial
and interact with one another: physical workload; organiza-
tional and psychosocial factors; individual factors [4,7]. A com-
bination of interventions is therefore needed to facilitate safe

PHM, promote health and prevent MSDs among healthcare
workers. There is today greater interest among employers and
employees in healthcare in implementing strategies for safe
PHM. Although such strategies are not easy to implement,
a growing literature on implementation strategies provides
guidance on how to translate research into practice and how to
cope with the multiple barriers and facilitators, which can vary
between occupational groups and between different types
of workplace [8]. Worldwide, a range of studies have identi-
fied interventions that promote safe PHM and prevent work-
related MSDs. Most of these involve greater use of work equip-
ment and assistive devices, training and lifting techniques, and
manual handling and training programmes [3,9,10]. The out-
come measures in these studies have largely focused on the
effect on MSDs, use of work equipment and assistive devices,
biomechanical loading, physical exertion and sick leave. There
are other relevant outcomes that can reflect consequences of
unsafe PHM, e.g., sick leave and work injuries. However, there
is a lack of up-to-date systematic reviews based on workplace-
oriented interventions to promote safe PHM in healthcare,
with no restriction of work and health-related outcomes in the
search strategy. The aim of this systematic review was, accord-
ingly, to describe interventions which promote safe PHM
among workers in healthcare by reviewing the literature about
their effectiveness for work and health-related outcomes.

2. Methods

A systematic literature search with a broad search strategy
was conducted by the three authors. The search looked at
interventions promoting safe PHM.
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2.1. Search strategy

The PICO model is established by others. We used PICO in
our study and the search strategy: population (workers in
health and social care, ambulance and transportation); inter-
vention (any intervention aiming to promote safe PHM); con-
trol (any available intervention, no restriction); outcomes (work
and health-related outcomes - sickness absence, sick leave,
injuries, pain, increased use of safe PHM). The search was based
on the PICO model, but to further operationalize it we decided
to use the SPICE (setting, perspective, intervention, compari-
son, evaluation) framework for the search strategy. In the SPICE
approach, the PICO population component is divided into
two parts: setting and perspective. Furthermore, outcomes are
replaced by an evaluation in the SPICE approach, targeting a
broader evaluation framework. We wanted to identify a vari-
ety of interventions on an individual, group and organizational
level. We also wanted to include studies that covered different
types of work and health-related outcomes. Another inclusion
criterion in this systematic review was that studies must have
been published in English between 1997 and 2018. Search
terms, including free terms and MeSH terms, are presented in
Table 1.

2.2. Study selection

The search was guided by the SPICE framework and system-
atically performed in December 2017 in scientific electronic
databases. We found the following: Academic Search Com-
plete, 555 studies; AMED, 81 studies; Cinahl Complete, 1019

studies; Cochrane Library, 286 studies; Embase, 2951 studies;
Engineering Village, 95 studies; Psycinfo, 380 studies; PubMed,
2095 studies; Scopus, 1148 studies; Soc Index, 32 studies. The
total number of hits was 8632, and after removing duplicates
was 5552. All authors screened the abstract and title of the first
500 references independently. The authors discussed these
articles and reached over 95% agreement about whether to
include or exclude articles, based on relevance. On the basis
of this high level of agreement, the rest of the records were
divided among the three authors with each author indepen-
dently screening references based on the title and abstract.
These individual assessments of relevance were then dis-
cussed by all three authors, until agreement was reached. A
total of 71 articles were potentially eligible and read in full text
by all three authors. Reference lists of all included articles were
manually searched for additional studies. Two such articles
were included, giving a total of 73 articles to assess for rele-
vance.To ensure that the most recently published articles were
included, a supplementary search was conducted in June 2018.
This found a further 246 (duplicates 94) potentially eligible ref-
erences. Of these, only two articles were finally included, giving
a total of 75 full-text articles to assess for relevance. In the
review process, the chosen studies were assessed for relevance
by all three authors using standardized checklists provided by
the Swedish Agency for Health Technology Assessment and
Assessment of Social Services [11]. In the last step, we included
randomized controlled trials (RCTs) and cohort studies with a
concurrent control group, hereafter called cohort studies. This
systematic literature review comprises 29 articles. Details of
the selection process are shown in Figure 1.

Table 1. Presenting the search strategy based on search terms according to the SPICE approach using Boolean operators (ORs).

SPICE Search terms (free terms, MeSH)

Setting (‘Patient transfer’ OR ‘transportation of patients’ [Mesh] OR ‘transportation service’ OR ‘transportation services’ OR ‘ems transport’
OR ‘non-ems transport’ OR ‘emergency transport’ OR ‘non-emergency transport’ OR ‘inter-facility transfer’ OR ‘interfacility
transfer’ OR ‘inter-facility transport’ OR ‘interfacility transport’ OR ‘patient transfer’ [Mesh] OR ‘transferring children’ OR
‘transferring elderly’ OR ‘transferring residents’ OR ‘transferring aged’ OR ‘transferring obese’ OR ‘safe patient handling’

OR ‘safe patient mobility’ OR ‘safe patient movement’ OR sphm OR ‘patient transfers’ OR ‘transferring patients’ OR ‘patient
transportation services’ OR ‘patient transportation’ OR ‘patient manual handling’ OR ‘patient handling’ OR ‘patient moving’ OR
‘moving patients’ OR lifting OR ‘Patient repositioning’ OR ‘repositioning patients’ OR ‘mobility service’ OR ‘mobility services’
OR paratransit OR ‘patient positioning’ OR ‘intrahospital transport’) OR ((children or disabled or elderly or aged or residents or
resident or obese or bariatric or teenagex) and (‘manual handling’ or ‘mobility service’ or ‘transport service’ or positioning or
repositioning))

Perspective (‘Health Personnel’ [Mesh] OR ‘patient care’ OR ‘care setting’ OR ‘care settings’ OR ‘elderly care’ OR ‘personal care’ OR ‘occupational
therapy’ OR ‘care worker’ OR ‘care workers’ OR ‘care providers’ OR ‘hospital worker’ OR ‘hospital workers’ OR ‘service worker’
OR ‘service workers’ OR nurse OR nurses OR ‘nurse student’ OR ‘nurse students’ OR ‘nursing students’ OR ‘nursing student’ OR
‘medical student’ OR physiotherapist OR physiotherapists OR ‘health care personnel’ OR ‘hospital staff’ OR orderlies OR ‘ward
staff’ OR ‘ambulance officers’ OR ‘ambulance workers’ OR “ambulance worker’ OR ‘ambulance staff’ OR ‘mobility service’ OR
‘mobility services’ OR workforce OR ‘medical staff’ OR ‘nursing staff’ OR ‘nursing assistants’ OR ‘nursing assistant’ OR ‘home
health aides’ OR ‘home health aid’ OR ‘emergency medical technicians’ OR ‘emergency medical technician’ OR ‘nursing home’
OR ‘nursing homes’ OR ‘home care’ OR ‘nursing care’ [Mesh] OR ‘home care services’ OR ‘personal assistant’ OR ‘personal
assistants’ OR ‘personal care assistant’ OR ‘personal care assistants’ OR ‘assistant nurse’ OR ‘assistant nurses’ OR ‘hospital ward’
OR ‘private ward’ OR ‘home ward’ OR ‘care staff’ OR caregiver OR caregivers OR ‘care giver’ OR ‘care givers’ OR ‘community
health services’ OR ‘community health’ OR ‘community care’ OR ‘palliative care’ OR paramedicx)

Intervention (Intervention OR interventions OR prevention OR program OR programs OR programme OR education OR educational OR
organization OR improvements OR ‘safe patient handling’ OR ‘safe patient mobility’ OR ‘safe patient movement’ OR sphm OR
device OR devices OR ‘assistive devices’ OR lifting devices’ OR ‘transfer devices’ OR ‘ceiling lifts’ OR ‘transfer aids’ OR lifts OR
ergonomic OR ergonomics OR organizational OR ‘work technique’ OR stretchers OR ‘shoulder strap’ OR ‘shoulder straps’ OR
training OR equipment OR wheelchair OR wheelchairs OR ‘walking frame’ OR ‘walking frames’ OR leadership OR management
OR ‘equipment safety’ OR ‘safety equipment’ OR ‘workers safety’ OR exercise OR employerx OR ‘human factors’ OR litter OR
litters OR manage OR rehabilitation OR ‘risk assessment’)

(‘Musculoskeletal Diseases’ [Mesh] OR ‘Mental Disorders’ [Mesh] OR ‘Occupational Health’ [Mesh] OR ‘musculoskeletal diseases’
OR “back pain’ OR ‘neck pain’ OR *hip pain’ OR stress OR ‘working conditions’ OR ‘shoulder pain” OR ‘musculoskeletal pain’ OR
pain OR burnout OR ‘work overload’ OR ‘mental health’ OR ‘work injuries’ OR ‘work injury’ OR ‘workplace injury’ OR ‘workplace
injuries’ OR ‘occupational injury’ OR ‘occupational injuries’ OR overexertion OR ‘work disability’ OR hazards OR ‘safe patient
handling’ OR ‘safe patient mobility’ OR ‘safe patient movement’ OR sphm OR ‘sickness presenteeism’ OR ‘sick leave’ OR ‘work
productivity’ OR ‘sickness absence’ OR ‘return to work’ OR stressors)

Comparison exposure/
evaluation

Note: SPICE = setting, perspective, intervention, comparison, evaluation.
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Figure 1. Flow chart of study identification and inclusion. Note: PICO = population, intervention, control, outcomes.

2.3. Risk of bias assessment

Risk of bias (low, moderate, high) for each individual study
was independently and systematically assessed by two of the
authors (E.N.S., K.S.) using standardized checklists provided by
the Swedish Agency for Health Technology Assessment and
Assessment of Social Services [11]. These checklists [12] cover
the same factors that are recommended and used in interna-
tional guidelines for reporting standards. A similar checklist
is used when performing Cochrane reviews. Disagreements
about the quality rating of each study were solved via discus-
sion with a third reviewer (C.W.). Table 2 presents information
about how risk of bias was assessed for each study.

2.4. Definitions of interventions

The range of evaluated interventions was broad. For this rea-
son, studies were categorized into four groups according to
the description of the intervention: work equipment, including
studies chiefly interested in the effect of using ceiling lifts and
other equipment; education and training, involving interven-
tions that train healthcare workers in practical PHM and move-
ment training, ergonomics and coaching programme training;
participatory ergonomics (PE), including interventions that
actively involved healthcare workers in developing and imple-
menting changes at the workplace for better productivity,
safety and health, and for promoting safe PHM; and, lastly, mul-
tifaceted interventions for promoting safe PHM, comprising
several components and taking place within the framework of
a programme or policy which was sanctioned at management

level. The programmes varied slightly but usually included
access to appropriate work equipment, specially trained work-
ers to support safe PHM and some form of risk assessment and

policy.

3. Results

We included 10 RCTs and 19 cohort studies. Their main results
are presented in Tables 3-5. The studies have a widely vary-
ing study population and encompass nurses, non-registered
nurses and healthcare employees with or without health com-
plaints at the start of the study. The studies also represent a
wide range of both interventions and work and health-related
outcomes. The outcomes were divided into the following cat-
egories: reported work injuries, sick leave/absenteeism, health
complaints such as pain and other work-related outcomes,
usefulness of intervention (e.g., use of equipment).

3.1. Therisk of bias assessment

Three categories (low, moderate, high) were used to assess risk
of bias, as presented in Table 2. According to the ratings, two
studies had high risk of bias, 22 studies had moderate risk of
bias and five studies had low risk of bias.

3.2. Interventions for safe PHM

The studies are presented in four groups, based on the type of
work intervention as already described. They are presented in
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Table 2. Presentation of the ratings for risk of bias (low, moderate or high) for
the included studies: 10 randomized controlled trials (RCTs) and 19 cohort studies
with a control group.

Author and

year,

country Study design; setting Risk of bias

Alexandre et al. RCT; hospital Moderate
2001, Brazil

Armstrong et al. Cohort studies; Low
2017, Canada paramedic

Best, 1997, Cohort study; Moderate
Australia community

hospital

Black et al. 2011, Cohort study; Moderate
Canada long-term care

Chanchai et al. RCT; hospital Moderate
2016, Thailand

Craib et al. 2007, Cohort studies; Moderate
Canada community care

Dennerlein et al. Cohort study; Moderate
2017, USA hospital

Engst et al. 2005, Cohort study; Moderate
Canada community

hospital

Evanoff et al. 1999, Cohort study; Moderate
USA hospital

Fanello et al. 2002, Cohort study; High
France regional hospital

Hartvigsen et al. Cohort study; Moderate
2005, Denmark community care

Jakobsen et al. RCT; hospital, Low
2018, Denmark elderly care

Jaromi et al. 2018, RCT; hospital Low
Hungary

Jensen et al. 2006, RCT; community Moderate
Denmark elderly care

Kindblom-Rising Cohort study; Moderate
etal. 2011, hospital
Sweden

Kraus et al. 2002, RCT; home care Moderate
USA

Lim, et al. 2011, Cohort study; Moderate
Canada hospital

Miller et al. 2006, Cohort study; Moderate
Canada long-term care

Owen et al. 2002, Cohort study; Moderate
USA hospital

Rasmussen et al, RCT; community Low
2015. Denmark elderly care

Rasmussen et al. RCT; community Low
2016, Denmark elderly care

Risor et al. 2017, Cohort study; Moderate
Denmark hospital

Sezgin et al. 2018, Cohort study; Moderate
Turkey hospital

Shojaei et al. 2017, Cohort study; Moderate
Iran hospital

Smedley et al. Cohort study; Moderate
2003, England hospital

Tompa et al. 2016, Cohort study; Moderate
Canada long-term care

Warming et al. RCT; hospital Moderate
2008, Denmark

Yassi et al. 2001, RCT; hospital Moderate
Canada

Zadvinskis et al. Cohort study; High

2010, USA hospital

detail in the corresponding tables [3-6]. The results are struc-
tured according to the evaluated intervention’s content and
outcomes, with the results for RCTs presented first.

3.2.1. Work equipment

Work equipment for safe PHM was evaluated in two
RCTs [12,13] and four cohort studies [14-17], all conducted in
North America. All of the studies looked at effect compared
with no intervention. Work-related musculoskeletal injury was
the most common outcome. Characteristics and main results
of these studies are summarized in Table 3. One RCT from
Canada by Yassi et al. [12] found that healthcare profession-
als performed less manual patient handling, were more likely
to use work equipment and perceived less fatigue after an
intervention with training and greater access to work equip-
ment/assistive devices (transfer belts, sliding devices and other
manual assistive devices). For one of the intervention groups,
the use of a total body lift significantly increased at 6-month
follow-up and was sustained at 1-year follow-up. However, the
incidence of reported musculoskeletal injuries related to PHM
was similar in the intervention and control groups at 12-month
follow-up [12]. In another RCT by Kraus et al. [13], the group of
homecare workers that received a back-belt had a lower rate
of lower back injuries than those who received advice about
lifting and back health and those who received no interven-
tion. For the two RCTs, insufficient description of the random-
ization, outcomes and interventions were the main sources
of moderate risk of bias (Table 2). Four cohort studies found
that the introduction of work equipment and training reduced
the incidence of reported musculoskeletal injuries, the per-
ceived risk of injury and perceived exertion, compared with
no intervention [14-17]. One cohort study was rated as hav-
ing low risk of bias and the other three as moderate because
of unclear descriptions of drop-out, sampling procedures and
interventions (Table 2).

3.2.2. Education and training

Twelve of the 29 studies evaluated education and training for
safe PHM. Five of them also included training programmes
with workers as coaches (Table 4). The studies were conducted
in Brazil, Canada, Denmark, France, Hungary, Iran, Sweden and
the USA. Four studies were designed as RCTs [18-21] and eight
were cohort studies [22-29]. The studies evaluated effect com-
pared with no or brief intervention. Incidence or frequency of
pain, pain intensity, perceived exertion, and lifting and han-
dling techniques were the most common outcomes, but injury
claims and costs were also reported.

In an RCT by Jensen et al. [20], training nurses and nurse
assistants in PHM and training instructors to supervise col-
leagues demonstrated no effect on LBP intensity or perceived
exertion. Interventions comprising physical exercise and edu-
cation for nurses and nurse assistants with LBP were eval-
uated in two RCTs [18,19]. The study by Jaromi et al. [19]
evaluated the effect of physical exercise and education on
pain intensity among nurses with LBP. The programme con-
sisted of theory of biomechanics, ergonomics, safe patient
handling and strengthening exercises. The results demon-
strated the effect of a reduction of LBP intensity, improved
lumbar range of motion and lifting techniques in the inter-
vention groups (Table 4). Another RCT by Alexandre et al. [18]
which evaluated a similar comprehensive intervention found
no differences between groups in LBP intensity, although
reduced neck pain intensity and improved lifting techniques
were found. Risk of bias was assessed as low in the RCT
by Jaromi et al. [19] and as moderate in the other two
RCTs [18,20].
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Table 3. Characteristics of the included studies based on intervention with work equipment for safe patient handling and movement: two randomized controlled
trials (RCTs) and four cohort studies with a control group.

Author and
year,
country

Study design; setting

Participants

Intervention

Control group

Outcomes and results

Follow up
time

Yassi et al. 2001,
Canada

Kraus et al. 2002,
USA

Armstrong et al.
2017,
Canada

Engst et al. 2005,
Canada

RCT;

emergency
hospital

(medicine, surgery,
rehabilitation)

RCT;
home care

Cohort study;
paramedic services

Cohort study;
community
hospital, long-term
care

Nurses (N = 346)
Three-arm
randomization of 9
units:

Group A (n = 103)
Group B (n = 116
Group C(n = 127)

9 home care units,
n=12772
home carers.
Units were
randomized to
3 groups with
3837,4635 and
4300 home
carers per group

Reported data on
occupational
injuries from two
units

Two units, nurses
Intervention,

n =34
Control,n = 16

Group B: safe
PHM/lifting
programme (only
mechanical body
lift, certain work
equipment); training
3h

Group C: no

strenuous lifting pro-

gramme/movement

(new aids/work

equipment), training

3h

Group A: received
back-belts with
instruction by
ergonomist on
how to use the belt
during work hours

Group B: received

lifting advice only

Implementation of
powered stretcher
and load systems
in ambulances and
training on how to
use them

Introduction of
programmes with
ceiling lifts, training
Th

(A) Control group
‘usual practice’
regular care, certain
equipment on
request

Control group had no
knowledge of the
study

Using the ordinary
stretcher in the
ambulance

No intervention

No difference in
frequency of

occupational injuries
between the groups,

p > 0.10
Work-related LBP

and shoulder pain
decreased in groups
B, C compared with
control group A,

p = 0.041-0.009
Increased use of work
equipment

For group C, use of
the total body lift
significantly increased
by 6 months and was
sustained throughout
the study. The change

in using total body lifts

at 6-month follow-up
was significantly
greater only on

the medical and
rehabilitation wards
of Arm C compared
with Arm A. In Group
B, 12-month follow-up
this difference was
sustained on the
medical wards

Lower risk of LBP injury

in the intervention
group compared
with the control
group, 95% CI [1.02,
1.82]

RR 1.36

Reduced incidence
of musculoskeletal
injuries related to
stretchers in the
intervention group

(78%). Itis calculated

that the costs of
intervention will be
recovered within
the expected 7-year
service life of the
powered stretcher
and load system

Reduced costs for
claims in the
intervention group
(68%), increased
costs in the control
group (68%) The
intervention group
experienced a
reduced risk of
injury when lifting
compared to
other methods,

p < 0.001-0.004.
The payback period
for the cost was
6.5 years when
only lifting and
transferring claims
were included

6 and 12 months

2 years

4 years before
start and 1
year after

Questionnaire

1 year
Injury reports
21 months
before, 6
months during
and 21 months
after

(continued)
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Table 3. Continued.

Author and
year, Follow up
country Study design; setting Participants Intervention Control group Outcomes and results time

Miller et al. 2006, Cohort study; Two units, nurses, Implementation of Unit not using ceiling Reduced costs for Questionnaire
Canada long-term care assistant nurses, ceiling lifts and work lifts injuries in the 1year
care assistants equipment intervention group Reported

New unit (70%) and increased injuries 2 years
intervention, in the control group  before and 1
n =45 (241%) year after
Comparative unit: Reduced perceived
control,n = 29 risk of injury with

lifting compared to

other methods in the

intervention group,

p < 0.0001-0.02

75% of healthcare

workers preferred

using ceiling lifts to

other equipment for

lifting and transferring

patients

Owen et al. 2002, Cohort study; Nurses Work equipment and Using ordinary Fewer occupational Reports of
USA hospital Hospital 1, training 2.5 h methods for PHM injury reports in occupational

intervention group, the intervention injuries over
n =37 group. Number 5 years
Hospital 2, control of lost workdays
group, n = 20 and restricted days

decreased
Reduced perceived
effort, increased
assessment of patient
comfort and safety in
the intervention group
compared with the
control group

Note: Cl = confidence interval; LBP = low back pain; PHM = patient handling and movement; RR = relative risk.

The effect of education and training in PHM for nurses
or nurse assistants was evaluated in four cohort stud-
ies [22,24,26,28]. These cohort studies gave somewhat conflict-
ing results. The study by Shojaei et al. [28] demonstrated that
an educational programme with physical exercises reduced
LBP intensity. Similar findings were reported in a study into
the incidence of LBP after training in PHM. However, statistical
significance did not remain when only the same respondents
from baseline to follow-up were included [22]. Another study
demonstrated an unchanged incidence of neck pain, shoul-
der pain and LBP [24]. The proportion of nurses with LBP and
other physical disorders fell in the groups receiving education
and training [24,26], but there was no effect on perceived exer-
tion [24,26]. Risk of bias was assessed as high in one cohort
study [24] and moderate in the other studies [22,26,28].

Interventions featuring training programmes with workers
as coaches (peer coaching programmes) were evaluated in one
RCT [21] and four cohort studies [23,25,27,29]. According to the
RCT by Warming et al. [21], training in manual patient handling
with peer coaching, as a single intervention or in combination
with physical exercise, had no effect on the occurrence of LBP,
pain intensity or sick leave. Risk of bias was deemed as mod-
erate in this RCT. One cohort study by Hartvigsen et al. [25]
found that training in patient handling with peer coaching had
no effect on the number of days or episodes of LBP in the
previous year. The other three cohort studies found that the
rate of reported injury was reduced with peer coaching about
overhead lift use [29] or as part of a transfer, lifting and repo-
sitioning programme [23,27]. These two cohort studies were
based on the same data [23,27]. The concept involves experts
training a number of nurses or nurse assistants to be peer

coaches or trainers, who will pass on the knowledge and prac-
tical skills in patient handling and use of work equipment to
their colleagues. The cost-benefit analysis by Tompa et al. [29]
showed that the peer coaching programme reduced patient-
handling injuries with a modest cost investment for coaches’
working hours. Risk of bias was rated moderate to high in the
cohort studies.

3.2.3. Participatory ergonomics

Interventions comprising PE were evaluated in five articles
based on data from three RCTs and one cohort study (Table 5).
The studies were conducted in Thailand [30], Denmark [31-33]
and the USA [34]. The effect of PE was evaluated on the fol-
lowing outcomes: LBP intensity, number of days with LBP and
use of work equipment, compared with control groups with-
out intervention. In two RCTs, pain intensity was reduced by
an intervention consisting of PE, physical training and cog-
nitive behavioural therapy [32] or after an intervention with
the active involvement of employees [30]. The third RCT found
no group differences in pain intensity or self-reported lumbar
injury [31]. Improvements in physical capacity and fear avoid-
ance were found, but no effect on self-reported work ability
or sickness absence [33]. The PE interventions resulted in a
reduced amount of lifting without work equipment [33] and
more general use of work equipment [31]. Jakobsen et al. [31]
found improved communication, better guidance on perform-
ing PHM and greater collegial encouragement to use work
equipment. Two of the RCTs were assessed as having low risk
of bias and one RCT as moderate. The cohort study by Evanoff
et al. [34] demonstrated that the participatory programme
that was launched at a hospital reduced injuries, absence and
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Table 4. Characteristics of the included studies based on interventions with training for safe patient handling and movement: four randomized controlled trials (RCT)

and eight cohort studies with a control group.

Author and
year, Follow up
country Study design; setting Participants Intervention Control group Outcomes and results time
Alexandre 2001, RCT; Assistant nurses 1-h training twice 45 min training, No effect on pain intensity  After intervention
Brazil hospital with LBP a week over 4 one occasion in the lumbar spine was completed
months Improved lifting technique (4 months)
and reduced pain intensity
in the neck in the
intervention group
Jaromi 2018, RCT; 137 nurses with Education and Written infor- Reduced pain intensity After intervention
Hungary hospital chronic LBP physical training mation about in the lumbar spine was completed
Intervention, 60 min 2 times lifestyle previous week for the
n =67 per week over 3 intervention group
Control,n = 70 months compared with control,
p < 0.00. Vertical
and horizontal lifting
techniques were
performed correctly
in 97-100% of the
participants in the
intervention group and
11% of those in the
control group. Increased
lumbar range of motion
in the experimental
group (p EC0.001)
Jensen 2006, RCT; Female home Group A: transfer Group C:reference  No difference between 2 years
Denmark community elderly carers technique arm, no groups in pain intensity
care From 19 care Group B: stress intervention (VAS) in the lumbar
groups management spine last 3 and 12
(A)n = 53 months
B)n =49 No effect in any group on
(C)n = 61 perceived effort, stress,
self-estimated behaviour or
mobility when performing
PHM
Warming 2008, RCT; 11 units at a (A) PHM based on  Business as usual No difference in incidence 1 year
Denmark hospital hospital peer coaching of LBP, sick leave last 3
Nurses and physical and 12 months (NMQ)
Intervention, 6 training 2 between intervention
units, (A) n = 50, times/week for 8 and control groups
(B)n = 55 weeks
Control 5 units, (B) PHM based on
n=176 peer coaching
Best 1997, Australia ~ Cohort study; 55 nurses at 3 units  32hof trainingina  Controls, trained Reduced back pain in 12 months
community Intervention unit, course with PHM within the last 12 months in
hospital n=18 organization intervention group.
Other two units No difference in injury
were controls, claims
n=19and
n=18
Black 2011, USA Cohort study; Six hospitals intwo  Training, edu- 3 matched controls  Reduced prevalence of 1year
long-term care regions cational without any musculoskeletal injuries
Care staff programmes, interventions in intervention group
Intervention coaching and (30%)
group: 3 hospitals, follow-up RR 0.69, 95% CI [0.6, 0.8]
n =411 Occupational injury reports
Control group: 3 related to PHM
hospitals, n = 355
Fanello 2002, Cohort study; Nurses and nurse Training in PHM No training No effect on the occurrence 2 years
France regional hospitals assistants over 6 days and, of neck, shoulder or
cleaning observations lumbar pain
personnel after 3and 6 Reduced proportion with
Intervention group, months LBP in the intervention
n =136 group
Control group,
n =136
Hartvigsen 2005, Cohort study; Four communities Intensive training A 3-hiinstructional  No differences between the 2 years

Denmark

community care

Nurses, nurses
assistants

n = 345

2 communities in
the intervention
group, n = 184
and

2 in control group,
n =161

and ergonomic
intervention
over 2 years
based on trained
instructors for
each work group
(peer coaching)

meeting

on lifting
techniques.
Limited access
to work
equipment

groups in the number of
days or episodes of LBP
or care seeking in the
past year

(continued)
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Table 4. Continued.

Author and
year, Follow up
country Study design; setting Participants Intervention Control group Outcomes and results time
Kindblom-Rising Cohort study; 4 hospitals, nurses  Training in PHM, No intervention Reduced number with 1year
2011, Sweden hospital and nurse 2x4h physical problems in the
assistant intervention group. No
Intervention group, difference in perceived
n = 148 effort or sick leave
2 hospitals in
control group,
n = 44 and
n =58
Lim 2011, Canada Cohort study; Intervention group,  Training, edu- 3 matched Lower risk of new 2 years
hospital n =789 cational hospitals with musculoskeletal injury
Control group, programme, no intervention related to PHM at
n = 691 coaching and intervention hospital
follow-up compared with control,
OR 0.618; 95% ClI [0.27,
0.81], p = 0.0005
Shojaei 2017, Cohort study; 2 hospitals, nurses  Education Ordinary care with  Reduced pain intensity 6 months
Iran hospital and nurse about pain, business as for intervention group
assistant with ergonomics and usual compared with control,
LBP n = 125 posture p < 0.001
Intervention group, No difference in reported
n =63 activity limitation
Control group, (Quebeck), p = 0.07
n =62
Tompa 2016, Cohort study; 15 units over A coaching Units that had not ~ 56% reduction of injury measurement
Canada long-term care the period programme implemented reports after the time frame:
2006-2011 training the coaching coaching programme. 2006-2011.
healthcare programme Benefit-to-cost ratio 0.84
workers to coach (by using a
co-workers in staggered
use of ceiling before-after
lifts approach)

Note: CI = confidence interval; LBP = low back pain; NMQ = Nordic musculoskeletal questionnaire; OR = odds ratio; VAS = visual analogue scale; PHM

= patient handling and movement.

experience of musculoskeletal pain. The participants in the
intervention also saw an improvement in job satisfaction and
psychosocial aspects.

3.2.4. Multifaceted interventions

The present review included five cohort studies with a con-
trol group looking at multifaceted interventions (Table 6).
The studies were conducted in England [35], Turkey [36],
Denmark [37], the USA [34,38] and Canada [39]. The stud-
ies covered multifaceted interventions, as described earlier,
and a large number of outcomes were presented. The Dan-
ish study [37] found that the participants in the intervention
group made greater use of equipment and had a more pos-
itive attitude towards it. One other positive effect was that
fewer aggressive episodes occurred. Two other studies [38,40]
also found that the multifaceted intervention significantly
increased the use of work equipment. Smedley et al. [35]
found no improvement in non-manual transferring, but con-
cluded that there was an association between back pain
and psychosocial risk factors. The number of work injuries
did not decrease in three studies [35,37,38], but did so in
another study with a 12-month follow-up [40]. Craib et al. [39]
found increased rates of reported injuries in combination with
reduced absence. Two other studies [36,37] found no differ-
ences in absence. In four studies [35-38] no reduction in mus-
culoskeletal pain was seen. Compared to the control group,
registered nurses who took part in an intervention programme
had a reduced risk of developing upper limb symptoms and
improved their physical activity [36]. Four of the included
studies were judged to have a moderate risk of bias, and one
study as having a high risk of bias [40].

4. Discussion

The aim of this study was to provide up-to-date information
about the effects on work and health-related outcomes of a
broad spectrum of interventions aiming to promote safe PHM.

4.1. Summary of findings

The findings of this systematic literature review demonstrate
that providing work equipment and training healthcare work-
ers how to use it is effective because they subsequently per-
form less manual handling and make greater use of the equip-
ment. Participative ergonomics had an impact on the use of
work equipment and improving back pain. Training employ-
ees to be peer coaches is associated with fewer work injuries
but does not help to reduce symptoms. Education and train-
ing in PHM as a single intervention does not prevent the risk
of injuries or back pain. However, exercise programmes for
healthcare workers can reduce the occurrence and intensity
of MSD. Management engagement and support to encourage
workers to become actively involved in developing safe PHM
are factors for success. Providing peer coaches reduced the
number of work injuries but did not impact symptoms. The
results for multifaceted interventions varied.

4.2. Usefulness of work equipment

It was commonly concluded in the reviewed studies that the
use of work equipment and assistive devices is important for
preventing injuries and promoting PHM. However, it is nec-
essary to give training in how to use work equipment such
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Table 5. Characteristics of the included studies based on interventions with participatory ergonomics (PE) (n = 4): three randomized controlled trials (RCTs) and

one cohort study.

Author and

year, Follow up

country Study design; setting Participants Intervention Control group Outcomes and results time

Chanchai 2016, RCT; Care assistants PE training, 12 h. No training in Reduced incidence of pain 6 months
Thailand hospital Intervention, n = 50 Educational ergonomics inarm (p = 0.004),

Control,n = 50 training upper back (p = 0.001)
sessions to give and lower back
participants (p = 0.0001), and
skills to assess improvements in
their work the psychosocial
environment work environment in
and make intervention group
suggestions for
improvements

Jakobsen 2018, RCT; 27 units at 5 hospitals 2 x 2 h workshop No intervention Increased general use 12 months
Denmark hospital, elderly Nurses and assistant nurses with manager of work equipment
care Intervention: 14 units, and care staff (accelerometer) in
n =316 per department intervention group,
Control: 13 units,n = 309 Identify barriers 95% ClI [-0.059,
and solutions for —0.04], p = 0.042,
increased use of and improved
work equipment communication
and implement and guidance in
them in the use of work equipment
department over a (p < 0.05).No between-
subsequent period group differences in
of 6-9 months the use of necessary
work equipment (digital
measurement), 95% Cl
[-0.61,0.37],p = 0.63,
or in pain intensity in
lumbar spine, neck
or shoulder, or self-
reported lumbar injury
previous year (p > 0.05)
Rasmussen 2015, RCT (stepped 594 assistant nurses, Physical training Group who hadyet  Reduced number of days 3 months
Denmark wedge cluster); kitchen and cleaning (12 times), not started the with LBP (—0.8, 95% CI
community elderly staff ratndomized to one cognitive intervention [—1.19, -0.38]), reduced
care of the four groups behavioural pain intensity (—0.4,

n = 126,146, 158 and 164 treatment (2 95% Cl [—0.60, —0.26])
times), PE (5 and most bothersome
times) pain (—0.5, 95% Cl

12-week interven- [—0.85,-0.13]) in the
tion started at 4 intervention group
different times compared to the control
group
Rasmussen 2016, RCT (stepped 594 assistant nurses, Physical training Group who had yet  No group differences in 3 months
Denmark wedge cluster); kitchen and cleaning (12 times), not started the work ability or sickness
community elderly staff randomized to one cognitive intervention absence due to LBP.
care of the four groups behavioural Reduced fear avoidance

n = 126, 146, 158 and 164 treatment (2 1(95% CI [—1.05,-0.45],
times), PE (5 p < 0.001) and 2 (95%
times) Cl [—-0.80, —0.11],

12-week interven- p = 0.0096) and
tion started at 4 number of lifts without
different times work equipment (95%
Cl [—0.61, —0.08],
p = 0.01) in the
intervention group
compared to the control
group
Evanoff 1999, USA Cohort study; Assistant nurses at a PE team with For analysing Reduced risk of occu- 2 years
hospital hospital,n = 67 assistant nurse injuries pational injuries and
and manager, caregivers work absence related
8 h of training, at another to this. Reduction of
meetings unit who did MSDs, increased work
every week, not receive satisfaction, special
assessment of intervention support and reduction
risks and finding of stress
solutions, work
equipment

Note: CI = confidence interval; LBP = low back pain; MSD = musculoskeletal disorder.

as mobile lifts, wall lifts and overhead ceiling lifts, transfer
belts and sliding devices. The review underlined the need
for accessible work equipment in care units. The results of
our review are in line with a previous systematic literature

review by Hegewald et al. [41] that evaluated the usefulness
of work equipment in PHM. However, their outcome mea-
sure focused on the effect of preventing MSDs. There is a lack
of studies focusing on interventions promoting safe PHM for
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Table 6. Characteristics of the included studies based on multifaceted intervention for safe patient handling and movement, including six cohort studies with a

control group.

Author and
year, Follow up
country Study design; setting Participants Intervention Control group Outcomes and results time
Craib 2007, Canada Cohort studies; Care staff from Multifaceted A care home There were more 1 year
community care 6 care homes, programme without any reported
n = 648 with training, interventions occupational
risk assessment, injuries but
work equipment fewer that
(atleast 1 of 3) caused sickness
absence

Dennerlein 2017, Cohort study;
USA hospital

Risor 2017, Cohort study;
Denmark hospital

Sezgin and Esin Cohort study;
2018, Turkey hospital

Smedley 2003, Cohort study;
England hospital

Zadvinski and Cohort study;
Salsbury 2010, hospital
USA

Two hospitals,
n = 1832
nurses, nurse
assistant
and care
assistants. (33%
selection for
questionnaire)

2 hospitals, nurses,
assistant nurses
and therapists

Intervention group,

n =293

Control group,

n = 201

Two hospitals,
nurses with
increased risk
according to
measurement of
RULA

Intervention group,

hospital A,n = 36

Control group,

hospital B,n = 36

Two hospitals,
nurses,
n = 1239

Two hospitals,
nurses,n = 77
Intervention group,

n = 46
Control group,
n =31

Safe patient

Multicomponent

Ergonomic

Policy, man-

Education for

One hospital
without any
intervention

handling and
mobilization
programmes,
engaged
management
processes
providing work
equipment,
assessment of
patient need,
training
Matched control
units with no
intervention

programme with
guidelines, work
equipment,
2-day training
programme,
local instructors,
weekly
follow-up

Hospital B, no
management intervention?
programme,

video training,

education,

interviews,

motivational

strategies

Another hospital
agement

engagement,

ergonomist

held 2-day

training course

for nurses, work

equipment

Work equipment

8 coaches and some

who provided training 1 year
support to before the study
co-workers; 24 h

of support from

coaches, change
of safety climate

Reduced injuries,
no reduction
in reported
pain. Increased
number of
safe manual
handling

Fewer patients
with aggressive
behaviour,
increased
use of work
equipment,
improved
knowledge and
attitude towards
using work
equipment

No effect on
reducing
musculoskeletal
symptoms
or sickness
absence.
Increased level
of training and
reduced risk
according to
measurement by
RULA

No reduction in
the prevalence
of symptoms
at either
hospital. The
prevalence of
LBP increased in
the intervention
group by 3%,
although not
significantly

More frequent
use of lifting
equipment.
Nurses
experience
fewer injuries
associated with
PHM.

Reduced worker

compensation

costs

1 year before and
one year after
(injuries)

Questionnaire after

1.5 years

1 year

6 months

32 months after
questionnaire
number 1

3and 12 months

Note: LBP = low back pain; PHM = patient handling and movement; RULA = rapid upper limb assessment.

healthcare workers in paramedic services. We identified only
one study showing thatimplementation of powered stretchers
and load systems reduced MSDs [14]. The paramedic setting
is very different from the hospital setting, yet both involve
physically and mentally demanding work where the use of
equipment can reduce the workload. Paramedic services is an
area in which more research is needed to evaluate the specific

effect of promoting safe PHM and preventing work-related
MSDs.

4.3. Education and training

The findings of this review reveal that providing physical exer-
cise as a component in a programme for safe PHM can reduce
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LBP intensity for nurses and nurse assistants [19,28]. Physi-
cal capacity may be one important risk factor for LBP and
long-term sick leave [42]. The importance of strengthening the
physical capacity of healthcare workers by means of physi-
cal training in the workplace has been suggested in previous
research which gave positive results in the form of reduced
MSDs [43,44]. Further research is needed into what the suc-
cessful components of these workplace-based interventions
may be as well as the dose-response. However, the causes
of pain and disability among healthcare workers are multifac-
torial, and physical capacity is only one aspect. In a study by
Andersen et al. [4], a high number of daily patient transfers was
a risk factor for LBP. Measures for prevention of LBP included
providing necessary assistive devices and facilitating good col-
laboration between co-workers. This is in line with the findings
of this literature review.

4.4. Participatory ergonomics

The studies included in this review suggest that the use of
PE in healthcare settings shows promising results in relation
to pain [30,32,34] and use of work equipment [31,33]. In line
with a previous review by van Eerd et al. [45] we found that it
is essential to involve managers, healthcare workers and spe-
cialists or advisors when planning and improving the work
environment in order to promote safe PHM. Furthermore,
healthcare workers need to control their own work activities,
being motivated, receiving support and finding a way forward
on how to promote safe PHM, to influence desired positive
health and work-related outcomes. Using PE can also improve
social support at work between colleagues and employers. It
has been emphasized that the timely and integrated imple-
mentation of methods in the actual work situation is the real
challenge when promoting safe PHM, preventing injuries and
increasing the use of lifting devices [46]. A Danish RCT by
Jakobsen et al.[31] evaluated the effect of a participatory orga-
nizational intervention, which led to greater general use of
assistive devices and improved communication and guidance
in the use of assistive devices. A culture in which risk preven-
tion features prominently and which includes a participatory
approach to promoting occupational safety and health (OSH)
in the workplace may benefit both healthcare workers and
their patients. We need to eliminate risks at source.

4.5. Multifaceted interventions with a system approach

In a recent meta-analysis by Teeple et al. [47], multifaceted
interventions were found to reduce the risk of injuries and
promote safe PHM. Our systematic review found diverging
results and it is not possible to conclude that such interven-
tions had any effect on work injuries. The same holds for the
effect of multifaceted interventions on sick leave. In line with
Richardson et al.’s [48] review, we found no support for such
interventions having any effect on musculoskeletal pain. This
contradicts the results of a review by Tullar et al. [49], who
found some support for the effectiveness of multifaceted inter-
ventions on musculoskeletal health. We found three studies
indicating that multifaceted interventions can promote safe
PHM situations if work equipment is used. However, it is always
difficult to evaluate the effects of interventions that include
differing components. Having a policy was a component of
most of the studies of multifaceted interventions. This may be

an important aspect of the intervention; it can provide guid-
ance to both healthcare workers and patients on how the PHM
safely can be conducted. Two studies emphasize the impor-
tance of performing a risk assessment for each patient and of
updating it regularly [50,51]. We found that risk assessments
were often integrated into multifaceted interventions. Various
risk assessment tools are mentioned, sometimes developed by
the authors. As always, however, it is important to use reliable
methods for assessment. OSH legislation requires employers
to conduct risk assessments to prevent risks. In hospitals and
other healthcare settings, there are a number of situations in
which both patient and healthcare professionals are at risk of
injury [2,52]. Risk assessments need to simultaneously take a
variety of risks and perspectives into account. For example,
the bariatric or the aggressive patient can be a very manu-
ally demanding type of patient in terms of care, transportation
and PHM. Research by Dennerlein et al. [38] suggests that safe
patient handling and mobility equipment and practices should
be used in relation to the specific and individualized care plan
for each patient in the hospital. The safety of patients and
healthcare workers goes hand in hand, and there is a strong
relationship between patient safety climate and occupational
safety climate [53]. Previous research has highlighted the value
of a system-oriented approach in healthcare for integrating
human factors, safety management and organizational factors,
and promoting OSH. The systems engineering initiative for
patient safety (SEIPS) model, presented by Carayon et al. [54],
is one of the most widely used models globally.

4.6. Strengths and limitations of this review

The broad search strategy including all types of interventions
with the intention to promote safe PHM and using the PICO
model can be seen as both a strength and a weakness. We
wanted to be able to describe results from a broad spectrum
of interventions and outcomes. This poses difficulties when
summarizing the results, but it also provides a more com-
plete description of important interventions that can impact
safe PHM and health-related outcomes. We categorized the
results according to type of intervention. This was not gen-
erally a problem, although some studies needed discussion
to determine the correct category. We categorized studies as
multifaceted interventions if they were described as such in
the publication. If not, we scrutinized the description of the
intervention and based our decision on the descriptions by
Adamszyk [55] and Tullar et al. [49], in order to distinguish
interventions that should be categorized into the other groups
(work equipment, education and training and participatory
interventions). The search and inclusion process is described
in detail. All three authors were involved in judging the rele-
vance of the studies. We also used a well-established method
to assess risk of bias. In general, there was a good degree of
agreement between the evaluators. When disagreement did
arise, the authors went back to the study and discussed until
agreement was reached.

4.6.1. Assessment of quality

We included 10 RCTs and 19 cohort studies with control
groups. The quality of these 29 studies was assessed with the
aid of well-established protocols. Most of the studies were
judged as having moderate risk of bias. Two were assessed as
having a high risk of bias; both were cohort studies. One of
these was a pilot study [40]. Four of five studies having low risk
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bias were RCTs. One-third of the studies in this review were
RCTs, which can be seen as a strength. We decided also to
include control studies in order not to miss important inter-
ventions. Our quality assessments found them generally to
be studies of moderate quality. The RCTs are not evenly dis-
tributed between the three categories. None of the RCTs was
found to be a multifaceted intervention. This adds further
doubts as to how to interpret the results. To evaluate the over-
all effect of interventions promoting safe PHM we need more
high-quality studies to be able to evaluate the effect of multi-
factorial interventions. On the basis of our systematic review,
we can conclude that there are too few high-quality studies of
policies and system-based approaches to enable us to evaluate
the effect of multifaceted interventions promoting safe PHM.

4.7. Clinical implications

This literature review offers guidance for workplaces on what
type of evidence-based interventions can contribute to safe
PHM. For these interventions to be successful, an implemen-
tation strategy is needed in which management and health-
care workers collaborate, and preferably with the help of an
appointed internal facilitator [37]. The prevention of MSDs is
urgently needed by healthcare workers, in Europe and glob-
ally. It is one of the most prevalent work-related problems,
causing sickness absence and sickness presence [4-71].

5. Conclusions

This review has a broad approach encompassing a diversity of
interventions and health-related outcomes and provides up-
to-date evidence about interventions designed to promote
safe PHM in healthcare and social care. We found employer
involvement and the provision of work equipment and ade-
quate training for healthcare workers to be the factors which
have the greatest effect on outcomes. Involving workers in a
participatory approach may also be beneficial. However, it is
not possible to conclude that multifaceted interventions had
additional impact on work injuries or on sick leave. To be able
to evaluate these outcomes it is important to formulate the
intention and goal of the interventions in advance.
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