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Introduction

The COVID-19 pandemic highlighted
the relevance of the nursing profession in
our society. During this time, the phys-
ical and psychological work challenges
of nurses in different settings (hospi-
tal, outpatient, and geriatric) increased
drastically, including reduced contact
time between nurses and geriatric pa-
tients (Kramer et al., 2021; Rutten,
Backhaus, Hamers, & Verbeek, 2022).
Furthermore, the risk of infection was
significantly higher in nurses than in
other populations (Alshamrani, El-Saed,
Al Zunitan, Almulhem, & Almobhrij,
2021). Increasing work-related demands
are linked to discontent with working
conditions as well as increased risks for
musculoskeletal disorders, high stress
levels, low job satisfaction, and the desire
to leave the profession (van der Heijden,
Brown Mahoney, & Xu, 2019; Wollesen
et al., 2019).

Nurse-specific stressors are mani-
fold, including high workload, emotion
suppression, time pressure, work dis-
ruptions, multiple responsibilities, shift
work, heavy lifting and carrying, and
unfavorable postures for prolonged pe-
riods (Rohwer, Mojtahedzadeh, Harth,
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& Mache, 2021). These stressors are
typically linked to physical and psy-
chological health problems (McVicar,
2003; Ruotsalainen, Verbeek, Mariné, &
Serra, 2016). For instance, the risk of
back pain is drastically higher in nurses
than in other healthcare professions such
as physiotherapists (Cinar-Medeni, El-
basan, & Duzgun, 2017; Dawson et al.,
2007; Vinstrup, Jakobsen, & Andersen,
2020). Moreover, musculoskeletal dis-
eases, sleep and concentration disorders,
and dysfunctional behaviors (lack of ex-
ercise, drug and alcohol consumption)
are frequently observed in nurses (Ro-
hwer etal., 2021). To minimize perceived
demands and job turnover, workplace
health promotion programs (WHPPs)
including physical exercise are necessary
and should be implemented in nursing
settings as an integral part of nursing
facilities (Mojtahedzadeh et al., 2021).
To improve the work ability of nurses,
resources such as health knowledge,
stress management skills, health-pro-
moting lifting and carrying behavior,
as well as physical fitness should be
increased (Converso et al., 2017). One
method for resource enhancement is the
implementation of WHPPs with a focus
on exercising and/or ergonomics that
initiate work behavior without induc-
ing musculoskeletal discomfort and that
reduce stress perceptions (Kreis, 2003;
Wollesen, Menzel, Lex, & Mattes, 2016).
The goals of WHPPsare toreduce back
pain via ergonomics-based interventions
(Carta et al., 2010; Karahan & Bayrak-

tar, 2013; Kindblom-Rising, Wahlstrom,
Nilsson-Wikmar, & Buer, 2011; Ratzon,
Bar-Niv, & Froom, 2016), “back school”
programs (Jaromi et al., 2018), strength
training (Cooper, Tate, & Yassi, 1998), or
multicomponent interventions (Otto &
Wollesen, 2022). The underlying mech-
anisms of these interventions are to re-
duce physical stress at the workplace (e.g.,
transfer situations) by improving move-
ment quality (Carta et al,, 2010; Rat-
zon et al,, 2016), lifting techniques, and
strength (Jaromi et al., 2018). A few
studies demonstrated a reduction in back
pain (Cartaetal., 2010; Kindblom-Rising
et al., 2011), while other studies found
no effect (Karahan & Bayraktar, 2013;
Ratzon et al., 2016). In a more recent
study, Otto and Wollesen (2022) inves-
tigated the effects of a multicomponent
program in a geriatric nursing setting,
combining ergonomics training includ-
ing exercises for body perception and
learning of different lifting techniques
and strength training.

In addition, WHPPs aim to improve
work ability psychologically via reduced
stress (Bischoff, Otto, Hold, & Wollesen,
2019; Fang & Li, 2015; Mohebbi, Dehko-
rdi, Sharif, & Banitalebi, 2019) or en-
hanced quality of life (QoL; Becker, An-
gerer, & Muller, 2017). For example, yoga
reduces self-reported sleep disturbances
and work stress experienced by hospi-
tal nurses (Fang & Li, 2015). Similarly,
a controlled clinical study investigated
the effect of an aerobic exercise program
and found reduced stress levels (Mohebbi
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et al,, 2019). Generally, exercising may
decrease perceived stress by shifting the
psychological stress threshold, by rein-
forcing personal (e.g., self-efficacy) and
social resources (e.g., social support), and
by decreasing psychological and physi-
cal stress reactivity (stress buffer effect;
Gerber & Piihse, 2009; Bischoff et al.,
2019).

Beside exercise and training interven-
tions, the World Health Organization
(WHO) as well as national guidelines
promote the combination of physical ac-
tivity during daily live (e.g., to go for
a walk or to work in the garden) with
physical training to overcome sedentary
behavior (Wackerhage etal., 2021; Riitten
& Pfeifer, 2017). Therefore, WHPPs also
include interventions to increase physical
activities (Malik, Blake, & Suggs, 2014).

However, oftentimes WHPPs lack the
application of training principles to in-
duce discrete training effects. For in-
stance, FITT principles (frequency, in-
tensity, time, type of exercise; Swain,
Brawner, & American College of Sports
Medicine, 2014) should be integrated to
ensure high-quality, effective interven-
tions. Moreover, it has been shown that
the training specificity, individualization,
and overload are evidence-based train-
ing aspects that have to be integrated into
the training methodology (Hecksteden,
Faude, Meyer, & Donath, 2018). Within
the actual practice of WHPPs, it remains
unclear whether a more exercise scientific
approach might increase the effective-
ness of exercise interventions regarding
the work ability of nurses. In particu-
lar, the intensity and time components
of the FITT principle tend to be missing
in exercise-based study reports (Billinger,
Boyne, Coughenour, Dunning, & Mat-
tlage, 2015). Moreover, aspects of indi-
vidualization, progression, and control
of the training load might be beneficial
for gaining positive effects (Holzgreve,
Schulte, Germann, & Wanke, 2022).

In regard to individualization, health
promotion should be conducted in a set-
ting-specific vs. one-size-fits-all manner
(Schwarzer, 2008; Wollesen et al., 2016).
Aswork demands differ between settings,
the interventions should be adapted to
the requirements of the specific setting
(elderly care, outpatient care, or hospital).
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As demonstrated in the study by Otto and
colleagues (2019), the highest strain on
the musculoskeletal system was reported
for nurses in elderly care compared to
hospital care and outpatient care. Also,
stressors in an outpatient setting include
long driving times and high emotionalin-
volvement with patients, while this is less
problematic in hospital settings (Vander
Elst et al., 2016).

Accordingly, the focus of this system-
atic review is to address the literature
gaps concerning the identification of ef-
fective exercise-related WHPP interven-
tion types that enhance work ability in the
nursing setting. Moreover, a specific aim
is to give an overview of the implementa-
tion of FITT and training control princi-
ples (individualization aspects, progres-
sion, and variety) within the identified
interventionsin different nursing settings
in order to gain more insights of the ef-
fect of training mechanisms on health-
related outcomes. This will help prac-
titioners and occupational health pro-
motion experts to identify and conduct
effective, setting-specific measures. Ac-
cordingly, the research questions of the
current study include the following:
= Which exercising and ergonomic in-

tervention types in different nursing

settings (hospital, geriatric, outpa-
tient) can be identified?

== What are the effects regarding phys-
ical and psychological health on
nurses?

== Which specific training principles
and tailoring aspects can be identified
to enhance the effectiveness of the
interventions?

Methods

This systematic review was registered at
the international prospective register of
systematic reviews (PROSPERO; regis-
tration ID: CRD42021239665). Further,
the review adhered to the guidelines of
the Preferred Reporting Items for Sys-
tematic Reviews (PRISMA; Page et al,,
2021).

Eligibility criteria

Following the PICOS scheme, interven-
tions that tested nurses and nurse aides

in different settings (hospital, outpatient,
and geriatric) were eligible (P). Stud-
ies that included other health personnel
(e.g., physicians, janitors, technical or of-
fice staff) were excluded due to differing
work demands. Interventions qualified
for synthesis if at least one component
of the intervention was based on exer-
cise or ergonomic work behavior (I). As
this review mainly aimed to analyze the
composition of the interventions, all po-
tential control conditions were analyzed
and reported in the results tables (C).
Furthermore, outcomes that may impact
nurses work ability were synthesized,
including individual, social-cognitive,
and organizational characteristics such as
stress perception, pain, (QoL), physical
activity, self-efficacy, ergonomic abilities,
work demands, work satisfaction, sick-
ness absence (O). The review included
peer-reviewed intervention studies pub-
lished in English or German since 1990.
These included randomized controlled
trials (RCTs), controlled quasi-experi-
mental interventions, single-group pre-
post studies, and pilot studies (S).

Search strategy and study retrieval

In November 2022 the final database
search was conducted in the databases
Medline, PsycInfo, and CINAHL with
search words comprising MeSH terms
“hospital nurses,” “outpatient nurses,” “el-
derly care nurses,” “physical activity,” “er-
gonomics,” “stress,” “pain,” “absenteeism,”
and respective synonyms thereof (cf. Ap-
pendix B for complete search strategy).
AKO imported the retrieved studies to
the software Citavi 6. After deletion of
duplicates, authors LH and AKO inde-
pendently screened titles and abstracts
of remaining studies with regard to the
inclusion criteria. In a second screen-
ing cycle, LH and AKO reviewed the
remaining full texts for eligibility. Dis-
agreements for inclusion were resolved by
discussion and, if necessary, via consul-
tation with BW (supervising researcher).

Data extraction and risk-of-bias
assessment

Extraction of the study data was per-
formedby LHand AKO. Relevantcriteria



pertained to (1) participant description,
(2) study design, (3) study aims, (4) inter-
vention type, (5) intervention duration,
(6) studied outcomes, (7) training prin-
ciples, and (8) results.

Authors LH and AKO independently
assessed the methodological quality of
the included studies. The assessment was
based on the “Standard Quality Assess-
ment Criteria for Evaluating Primary Re-
search Papers from a Variety of Fields”
(Kmet, Cook, & Lee, 2004). Assessed
studies are rated with respect to 14 cri-
teria and each criterion is awarded an
individual score of 0 (not fulfilled), 1 (par-
tially fulfilled), or 2 (fulfilled) for a po-
tential total score of 28. Accordingly,
the assessed studies receive a percent-
age-based quality score. Quality scoring
was adapted from recent studies (Curry,
Patterson, Greenley, Pearson, & Forbes,
2021) such that a score of <70% was
rated as “poor;” 70-84% was considered
“moderate;” and >85% was “high” qual-
ity. Through discussion, LH and AKO
resolved disagreements in quality scor-
ing for perfect agreement. For one study
to avoid bias, the quality assessment was
performed by consulting a colleague in
the research team (acknowledged in the
Disclosures and declarations section).

Data synthesis

The data synthesis includes a description
of general characteristics (quality assess-
ment, participants, study design, inter-
vention type, intervention duration, and
outcome parameters), as well as an out-
come-specific synthesis. Thus, we ana-
lyzed separately interventions with phys-
ical outcomes, psychological outcomes,
and self-managed interventionsaimingat
increasing physical activity. Assignment
of intervention type was made through
analysis of the study report and, if nec-
essary, via discussion.

A meta-analytic approach was not fea-
sible due to the high heterogeneity in
the measured outcomes and intervention

types.
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Abstract

Background. Improving the work ability

of nurses is highly important for ensuring

a functioning healthcare system, which can
be achieved via exercising and enhancing
ergonomic work behaviors of the nurses. The
objective of this systematic review was to
synthesize work ability-enhancing exercise
and ergonomic workplace health promotion
interventions in different nursing settings and
their effects on work ability.

Methods. Intervention studies incorporating
at least one component of physical exercise
or ergonomic work behavior for nurses

were eligible for inclusion. Three electronic
databases (Medline, PsycInfo, CINAHL)

were searched for studies published until
October 2022. The methodological quality

of interventions was assessed. Due to
intervention and outcome heterogeneity,
narrative synthesis was conducted.

Results. The search identified a total of

37 studies. Sample size ranged from 14 to 316
(N=3487). Overall quality was moderate (M =

https://doi.org/10.1007/512662-023-00922-6

Physical exercise and ergonomic workplace interventions for
nursing personnel—effects on physical and mental health:

0.76). Programs comprised aerobic exercising,
“back school,” ergonomics, increasing
physical activity, multicomponent programs,
physiotherapy, and yoga. Positive effects on
work ability (e.g., reduced back pain or stress
levels) were reported in 34 studies. However,
if follow-up analyses were included, the
effects typically diminished. Common training
principles and training control mechanisms
were applied in studies.

Discussion. The review indicates the efficacy
of exercise-based health promotion for
increasing nurses’ work ability. However,
results are limited by the lack of long-term
improvements and scarcity of application of
training principles. Therefore, setting-specific
interventions, respecting work demands and
training principles, are recommended.

Keywords

Workplace health promotion - Work ability -
Outpatient care - Geriatric care - Hospital
nursing staff

Results

A total number of 37 studies were eligible
for this review (cf. @Fig. 1 for search
flow).

Reasons for exclusion included wrong
study design (n=29), no separate analy-
sis of exercising components (n=4), and
inclusion of non-nursing subjects (n=
21).

Assessment of methodological
quality

The overall quality ofincluded studies was
moderate (M=0.76, min=0.43, max=
0.92). The assessment identified 11 stud-
ies with low quality, 19 studies with mod-
erate quality, and seven studies with high
quality (cf. @ Table 1).

Description of included studies

Sample sizes of studies ranged from 14
(Martins & Marziale, 2012) to 316

(Hartvigsen et al., 2005) nurses (over-
all N=3487). The general intervention
types were aerobic exercising (n=1),
back school (n=3), ergonomics (n=
6), increasing physical activity (n=
3), multicomponent ergonomics (n=
6), multicomponent exercising (n=12),
multicomponent ergonomics and exer-
cising (n=1), physiotherapy (n=2), and
yoga (n=3).

Concerning settings, 29 studies were
based in hospitals, one study inter-
vened with outpatient nurses, three
studies were conducted with geriatric-
care nurses, and four studies included
nurses from different settings. Most
studies involved female nurses (79-
100%) or no sex distribution was found
in the study report. Further, the mean
age of the treated nurses was 38.82 years
(min=25.3, max=>51.28). Three studies
(Karahan & Bayraktar, 2013; Martins &
Marziale, 2012; C.-J. Zou et al., 2021)
did not report mean sample age (cf.
O Table 2).
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Fig. 1 A Prisma diagram

Synthesis of evidence for different
intervention outcomes

@ Table 3 shows synthesized results of the
included studies according to primary
intervention outcomes. Within outcome
categories, intervention types are differ-
entiated. Various studies tested more
than one primary outcome. Moreover,
the frequency and duration of interven-
tions are presented in @Table 3. Addi-
tionally, @ Table 4 shows significant ef-
fects. In the case of no significant effects,
“no” is reported in the table.

Intervention effects of studies with
primarily physical outcomes

A total number of 28 studies aimed to im-
prove physical outcomes (aerobic exercis-
ing n=1, back school n= 3, ergonomics
n=6, increasing physical activity n=3,
multicomponent ergonomics # =5, mul-
ticomponent exercising #n = 7, multicom-
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ponent exercising and ergonomics n=1,
physiotherapy n=2; cf. @Table 3).

Aerobic exercising. In a quasi-experi-
mental study, Yuan et al. (2009) used
treadmill exercise training for hospital
nurses. The intervention group reduced
their BMI and increased their strength,
flexibility, and cardiopulmonary func-
tioning.

Back school. One combined intervention
(Alexandre et al., 2001) consisting of ed-
ucation about work-related back pain ac-
companied by strength and flexibility ex-
ercises for hospital nurses that was com-
pared to a single 45-minute (min) ex-
ercise class led to reduced cervical back
pain.

The studies by Jaromi et al. (2012,
2018) used the same back school train-
ing curriculum (Spine Care for Nurses
ergonomic training, muscle strengthen-
ing and stretching) compared to a pas-

sive control group for hospital nurses. In
both studies, participants were strongly
encouraged to carry out the learned ex-
ercises at home for five times per week.
The interventions reduced back pain and
improved ergonomic lifting behavior.

Ergonomics. Best (1997) intervened with
a specific ergonomic method for 32 hours
(h) (manutention). The intervention im-
proved the lifting technique of the par-
ticipating geriatric nurses.

Carta et al. (2010) tested a single-
group multimodal ergonomic, combin-
ing a 2-h educative lesson with 3 h of
practical training. At the 6-month fol-
low-up, back pain and patient handling
knowledge as well as patient handling
techniques improved significantly.

Feldstein et al. (1993) examined mul-
ticomponent ergonomic intervention
(education: body mechanics, transfer
techniques, identification of environ-
mental hazards, and the importance of
daily stretching) combined with prac-
tical training for hospital nurses. The
intervention group improved in various
patient transfer variables and reduced
back pain while the inactive control
group did not.

One intervention with outpatient
nurses (Hartvigsen et al., 2005) included
education and advice from a physio-
therapist regarding ergonomic work
behavior (lifting techniques, body me-
chanics). Further, nurses participated
in four group-counselling sessions to
deepen the learned transfer techniques
and body mechanics. They found no
effects on lower back pain (LBP).

Karahan and Bayraktar (2013) con-
ducted a single-group multimodal er-
gonomic intervention with a 2-h educa-
tional part and a 2-h practical part (body
mechanics, causesand reinforcing factors
for back pain, back anatomy, lifting de-
vices, and back protecting exercises). At
the 3-month follow-up, knowledge about
work-related back pain increased signif-
icantly. Moreover, patient handling tasks
improved significantly. The change was
maintained at the 3-month follow-up.

The multimodal ergonomic interven-
tion by Kindblom-Rising et al. (2011)
for hospital nurses examined two half-
day patient transfer courses with a 2-



Table 1 Quality scores of included studies in alphabetical order

Study Quality criteria Quality
1 2 3 4 5 6 7 8 9 10 11 12 13 14 Score
Akyurek et al. (2020) 2 2 2 2 2 n/a n/a 2 0 2 2 2 2 2 0.917
Alexander et al. (2015) 2 1 2 2 1 n/a n/a 1 1 2 2 2 2 2 0.833
Alexandre et al. (2001) 2 2 2 1 1 0 n/a 1 1 2 1 0 2 1 0.615
Baueretal. (2019) 2 2 2 1 2 2 n/a 2 1 2 2 1 1 2 0.846
Becker et al. (2017) 2 2 2 2 2 2 n/a 1 1 2 2 2 2 2 0.923
Best (1997) 2 1 2 1 1 0 0 1 1 1 0 0 1 1 0.429
Brox and Froystein (2005) 1 2 1 2 1 2 n/a 1 2 2 1 0 2 2 0.731
Carta et al. (2010) 2 1 1 2 n/a n/a n/a 1 1 2 2 2 2 2 0.818
Chen etal. (2014) 2 2 2 2 2 0 n/a 2 2 2 2 2 2 1 0.885
Chen etal. (2016) 2 2 2 2 2 0 n/a 2 2 1 2 2 2 0 0.808
Cooper et al. (1998) 2 2 1 2 n/a n/a 1 1 1 1 1 1 1 0.583
Das Gecim and Esin (2021) 2 2 2 2 2 n/a n/a 2 2 2 2 2 2 1 0.885
Ehegartner et al. (2021) 2 2 2 2 2 n/a  n/a 1 2 2 2 1 2 1 0.808
Ewert et al. (2009) 2 2 2 2 2 n/a 1 1 2 2 2 2 1 0.808
Fang and Li (2015) 2 2 2 2 2 n/a 2 1 1 2 2 2 2 0.846
Feldstein et al. (1993) 2 2 1 1 0 2 n/a 1 1 2 2 1 2 1 0.692
Hartvigsen et al. (2005) 2 1 1 2 0 0 1 2 2 2 1 1 1 0.571
Jalalvandi et al. (2022) 2 2 2 2 2 n/a n/a 1 2 2 2 2 2 2 0.885
Jaromi et al. (2012) 2 2 2 2 2 2 n/a 1 1 2 2 0 2 1 0.808
Jaromi et al. (2018) 2 2 2 2 2 2 n/a 1 1 2 2 2 2 1 0.885
Karahan and Bayraktar (2013) 2 2 1 0 n/a n/a n/a 1 2 2 0 0 2 1 0.591
Kindblom-Rising et al. (2011) 2 2 2 2 0 0 0 2 1 2 0 0 2 1 0.571
Lavoie-Tremblay (2014) 2 2 1 2 n/a n/a n/a 2 1 2 2 0 2 2 0.818
Mandal et al. (2021) 2 2 2 2 2 0 n/a 1 1 2 2 0 2 1 0.731
Martins and Marziale (2012) 2 2 2 2 1 2 n/a 1 0 1 0 0 2 1 0.615
Matsugaki et al. (2017) 2 2 2 2 2 0 nfa 1 0 2 2 2 2 1 0.769
Mohebbi et al. (2019) 2 1 2 2 2 0 n/a 2 1 1 2 0 1 0 0.615
Moreira et al. (2021) 2 2 2 2 1 2 n/a 1 2 2 2 1 2 1 0.846
Mueller et al. (2001) 2 2 2 1 2 2 n/a 1 1 2 1 0 2 1 0.731
Otto and Wollesen (2022) 2 2 2 2 2 2 n/a 2 1 2 1 2 1 1 0.846
Ratzon et al. (2016) 2 2 2 2 2 1 n/a 1 1 2 2 0 2 1 0.769
Tucker et al. (2011) 2 2 2 2 n/a 0 n/a 1 1 2 2 2 2 1 0.792
Tucker et al. (2016) 2 2 2 2 1 n/a n/a 1 1 2 2 2 2 2 0.875
Warming et al. (2008) 2 2 2 2 2 0 nfa 1 1 2 2 2 2 2 0.846
Yang et al. (2021) 2 2 2 2 2 n/a 0 1 1 2 2 2 2 2 0.786
Yuan et al. (2009) 1 2 1 1 1 0 n/a 1 1 2 2 2 2 2 0.692
Zou et al. (2021) 2 1 1 1 0 0 n/a 1 2 2 2 2 1 1 0.615

0 criterion not fulfilled, 7 criterion partially fulfilled, 2 criterion fulfilled. Quality criteria: 7 Question/objective described, 2 Study design evident and appropri-
ate, 3 Method of subject/comparison group selection described or source of information/input variables described, 4 Subject characteristics described, 5 If
interventional, random allocation described, 6 If interventional, blinding of investigators reported, 7 If interventional, blinding of subjects reported, 8 Outcome
and exposure measures well defined and robust to measurement/misclassification bias? Means of assessment reported, 9 Sample size appropriate, 70 Analytic
methods described/justified and appropriate, 77 Estimate of variance reported for main results, 72 Controlled for confounding, 73 Results reported in detail,
14 Conclusion supported by results, n/a not applicable
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Review

week interval involving role playing and
transfer exercises. At the 12-month fol-
low-up, items on a self-developed ques-
tionnaire regarding physical complaints,
movement awareness, and patient in-
structions during transfers improved in
the intervention group, whereasin the in-
active control group the number of sick
leave days decreased.

nonsignificant improvements for mind-

fulness
Improvement in sleep in IG vs. CG and

promoting behaviors (HPLP II), burnout
reduced work-related stress

symptoms,
Reduced stress in IG vs. CG no effects

on ProQolL and biochemical parame-

Improvement in IG vs. CG for health-
ters

Effects on examined outcomes

Multicomponent ergonomics. An RCT
including hospital nurses with muscu-
loskeletal complaints investigated a pro-
gram including individual-specific job
analysis (Ratzonetal., 2016). Inaddition,
nurses performed segmental stabilization
exercises. The intervention group exhib-
ited less detrimental body postures at
the end of the intervention compared to
a passive control group.

Cooper etal. (1998) used a controlled
individualized physiotherapy ergonomic
intervention for hospital nurses with di-
agnosed backinjuries. Moreover, a work-
hardening program was instituted if sick-
ness absence exceeded four working days
after participation in the physiotherapy
program. They found a significant re-
duction in back pain in the intervention
compared with the control group.

In the RCT by Ewert et al. (2009)
nurses from different settings with back
pain received either a multicomponent
exercise intervention combined with
ergonomic and stabilization education
or an active control intervention. Both
intervention programs exhibited signif-
icant improvements in pain and QoL,
but effects were not maintained at the
12-month follow-up.

In the study by Warming et al. (2008),
hospital nurses either received a mul-
ticomponent ergonomic intervention

isms
(number and description)

ing practices, and meditations

Training principles and con-
were added to expose par-

ticipants to a wider range of

Additional exercises, breath-
movements

/need- trol mechan
Variety:

tion
tailoring

Individual-

iza
No
No
No

Intensity

n
n.r.
n

More than twice per week for 50-60 min for 6 months

8 weeks (no frequency/duration denoted)
(~>43 h; not stated precisely)

2 x/week for 50 min for 12 weeks (20 h)

Frequency and duration

(primary intervention), including pa-
tient transfer education as well as exer-

BST Biering—Sorensen Test, BMI body mass index, CI confidence interval, CVBAI Chinese Version of the Beck Anxiety Inventory, dROM reactive oxygen metabolites, EXSE Exercise Self-efficacy scale, FMI Freiburg Mind-
fulness Inventory, HSE Health and Safety Executive, HPLP I Health Promoting Lifestyle Profile Il, HR heart rate, LBP lower back pain, LDL-C low-density lipoprotein cholesterol, MBI-DP Maslach Burnout Inventory-De-
0SI Occupational Stress Indicator, OSW Oswestry Low Back Pain and Disability questionnaire, PMR progressive muscle relaxation, ProQoL Professional Quality of Life, PSQI Pittsburgh Sleep Quality Index, PSS Perceived

personalization, MBI-EE Maslach Burnout Inventory-Emotional Exhaustion, MBI-PA Maslach Burnout Inventory-Personal Accomplishment, MPI Multidimensional Pain Inventory, SF-36 Short-Form 36 Health Survey,
Stress Scale, REBA Rapid Entire Body Assessment, ROM range of motion, RR risk ratio, TENS transcutaneous electric nerve stimulation, VASA Visual Analog Scale for Anxiety, VASP VAS-pain, VNSP Visual Numeric Scale
for pain, WHOQOL-BREF World Health Organization Quality of Life, WLQ Work Limitation Questionnaire, WORC Western Ontario Rotator Cuff Index, WRMD work-related musculoskeletal disorder, IG intervention group,

el
=
o
Q.
L
=
o
e
o
<
]
€=
ke
wv (]
- Q
< .. .
] g cising components, or patient transfer
c = = (= < . . .
] o o o = education (secondary intervention), or
- - - -
6 g g g s no intervention. The patient transfer
c z - c S . .
2 g g g z education was based on using transfer
- = = (= . .
o 2 S5 S5 &% = aids, the support of the patient, and
S B S c Sc Oc L . .
S B KT KEECIONT) 2 ergonomic movement. The exercise
c =] = v =V =0V - . . .
= =3 regimen included aerobic and strength
5] = . o .
) © & - = 5 training. At the 12-month follow-up, the
> T — 3 e . . . .
e = S8 'rgu {;‘; = primary intervention group improved
] v ’LR - = . . . . . o1e
= g S £= 22 & E in one back pain dimension (disability)
< L 2T S8 =8 S
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compared with the secondary interven-
tion group.

The study by Yang et al. (2021) evalu-
ated the effects of an 8-week multidimen-
sional ergonomic intervention to reduce
work-related musculoskeletal disorders
(WRMD) in hospital nurses. The par-
ticipants received education, health be-
havior training, and work environment
adjustments, whereas the control group
only received two lectures on WRMDs
and safe work environments. No group
effects were found, merelya within-group
improvement in WRMDs, risk percep-
tion, and health behaviors.

In a cross-over RCT by Otto and
Wollesen (2022), geriatric nurses re-
ceived a multimodal ergonomic and
strength training.  The intervention
group received ergonomics training
once per week for 20-30 min over the
course of 10 weeks. Subsequently, the in-
tervention group exercised for 12 weeks
once per week for 45-60 min. The need-
tailored approach yielded improvements
in lifting performance and in subjective
back pain.

Multicomponent exercising. In one
RCT, hospital nurses with back pain
received an intervention incorporating
coordination exercises and preventive
education (Muller et al., 2001). Coor-
dinative exercises were executed inside
a space curl (36 sessions, 30 min each,
one to two times per week). Preventive
education was based on back-friendly
patient transfers. The intervention group
was compared with one active control
group (received only coordination train-
ing), one passive control group (received
only preventive education), and one inac-
tive control group. Positive intervention
effects (trunk muscle coordination, LBP
frequency, and QoL) diminished after
the 12-month follow-up.

Martins and Marziale (2012) com-
pared a program for hospital nurses
with rotator cuff disorder comprising
strengthening and stretching exercises,
shoulder proprioception, and cryother-
apy with an active control group. At
postintervention, pain and rotator cuff
disorder-related QoL improved in both
groups.

‘ German Journal of Exercise and Sport Research

Bauer et al. (2019) conducted an RCT
with hospital nurses suffering from LBP.
Participants in the intervention group
performed specific neuromuscular exer-
cises to restore functioning of lumbar
back muscles. The authors reported im-
provements in the intervention group
compared to the control groups lumbar
movement variability immediately after
the intervention but did not provide data
on statistical significance.

In one parallel-group RCT, the re-
search group tested the effects of back
exercises (strengthening and stretching)
vs. transcutaneous electrical nerve stim-
ulation (TENS) for hospital nurses with
nonspecific LBP (Jalalvandi et al., 2022).
At postintervention, both groups exhib-
ited reduced pain and disability; how-
ever, the TENS group outperformed the
exercise group.

Zou et al. (2021) investigated the ef-
fects of core stability training on back
pain in hospital nurses. The self-selected
nurses exercised five times per week for
45min, for a total of 4 weeks. Subjec-
tive pain decreased in intervention group
compared to the control group.

In the RCT of Brox and Froystein
(2005), geriatric nurses received aer-
obic exercises, muscle strengthening,
and stretching, in weekly meetings for
6 months. Only self-reported physi-
cal activity increased compared to an
inactive control group.

The research group of Matsugaki et al.
(2017) performed an RCT in different
nursing settings where female nurses
were randomized to either a multicom-
ponent exercise (resistance and aerobic
training) group with or without physio-
therapist advice. Both groups exercised
two times per week for 12 weeks. Com-
pared to the active control group, knee
muscle strength, oxidative stress, and
low-density lipoprotein cholesterol sig-
nificantly improved in the intervention

group.

Physiotherapy. In the study by Becker
et al. (2017), injured hospital nurses
received individualized physiotherapy
to restore general physical capacity and
psychological group sessions to improve
well-being. An active control group only
received the physiotherapeutic compo-

nent of the intervention. At the 3-month
follow-up, the intervention group had
reduced pain levels, physical demands,
and burnout symptoms, while work-re-
lated psychological well-being improved
compared to the control group.
Moreira etal. (2021) examined hospi-
tal nurses receiving therapeutic exercises
for spine stabilization. The intervention
group showed significant improvements
in strength in trunk flexor muscles com-
pared to the inactive control condition.

Intervention effects in studies
aiming to increase physical activity

One single-group study with hospi-
tal nurses used a pedometer challenge
(Web-based step tracker; Lavoie-Trem-
blay et al., 2014). The steps per day were
recorded for a duration of 8 weeks, with
the goal of 10,000 daily steps. At the
6-month follow-up, participating nurses
reduced their sitting time and had less
insomnia.

In a non-randomized controlled pilot
study, hospital nurses who were moth-
ers participated in a 10-week interven-
tion that aimed at facilitating physical
activity during working hours (Tucker
etal., 2011). Facilitation was achieved by
providing different options in the work-
ing environment for being physically ac-
tive. Atthe end of the study, intervention
group participants had reduced body fat,
healthier BMI, and less percent fat mass;
however, steps per day did not increase
significantly.

Similarly, Tucker et al. (2016) re-
searched a program in different nursing
settings with comparable content as an
earlier study by Tucker et al. (2011).
During work time, the workplace of the
nurses was adjusted in a way that physical
activity was facilitated. Additionally, par-
ticipants received individualized mobile
coaching messages to increase interven-
tion adherence and success. The single-
group study lasted for 6 months, and
significantly increased moderate physi-
cal activity with increased steps per day
while sedentary behavior decreased.



Intervention effects of studies with
primarily psychological outcomes

A total of nine interventions aiming to
improve psychological outcomes were
identified (multicomponent ergonomics
n=1, multicomponent exercising n=>5,
yoga n=3).

Multicomponent ergonomics. Akyurek
and colleagues (2020) investigated the
effects of a WHPP for hospital nurses
including progressive muscle relaxation,
posture exercises, and ergonomic educa-
tion. Progressive muscle relaxation and
posture exercise were trained for 30 min
per session, whereas no specific dura-
tion for the ergonomic suggestions was
reported. Atthe 12-month follow-up, the
intervention group had lower subjective
stress and burnout as well as better cop-
ing strategies and compassion satisfac-
tion than the inactive control group.

Multicomponent exercising. Two RCT's
applied a similar stretching training (in-
cluding back pain, core muscle, and re-
laxation exercises) for hospital nursesand
investigated the effects on exercise self-
efficacy, pain (Chen et al., 2014), and
anxiety (Chen et al., 2016). The inter-
ventions were successful in improving
exercise self-efficacy, pain, and anxiety,
compared to an inactive control group.

The RCT by Mohebbi et al. (2019) in-
vestigated effects of an aerobic training
regimen on hospital nurses’ stress per-
ceptions compared to an inactive control
group. Positive effects on occupational
stress levels were not maintained at the
2-month follow-up.

Inthe RCT by Ehegartneretal. (2021),
nurses from different settings received
a 5-day need-tailored practical and
educational prevention program with
contents being back school (2 x 60 min),
aerobic exercises (2x60min), active
(4x60min) and passive (2x50min)
relaxation, and cognitive-behavioral lec-
tures on stress and work demands (5x
120min). At the 9-month follow-up,
stress and health-related well-being im-
proved subjectively between groups.

Das Gecim and Esin (2021) studied
the effects of a self-management program
including general health education, yoga,

and individualized nutrition counselling
inan RCT for hospital nurses. The nurses
were also encouraged to continue exer-
cises at home. At the 3-month follow-up,
the intervention group showed improved
work ability compared with the control

group.

Yoga. In Alexander and colleagues’
(2015) pilot study, hospital nurses either
received an 8-week yoga intervention
or no intervention (total duration and
frequency not reported). Participants in
the yoga group significantly improved
in terms of self-care and burnout symp-
toms.

In another study, yoga compared to
an inactive control group was found to
improve sleep quality and work stress in
hospital nurses (Fang & Li, 2015).

Moreover, in an RCT including hospi-
tal nurses (Mandal etal., 2021), the nurses
practiced yoga for a total of 12 weeks. The
analysis identified intervention effects for
perceived stress in the intervention vs.
control group.

Applied training principles

Frequency and duration. Concerning
training frequencies of training sessions
and total duration, in the aerobic inter-
vention, nurses exercised for 20-30 min
three times per week for a total of 12h.

The duration of three back school
studies ranged from 5 to 25.5h and was
delivered twice per week for 45-60 min
(Alexandre et al., 2001; Jaromi et al.,
2018) or in weekly 50-min sessions
(Jaromi et al., 2012).

There was a wide range of duration
in the six ergonomic studies, lasting be-
tween 4 and 112h. Session frequencies
and intervals were typically reported am-
biguously. Two studies (Best, 1997; Kind-
blom-Rising et al., 2011) reported insuf-
ficient information.

Multicomponent ergonomic inter-
ventions addressing primarily physi-
cal outcomes (n=6) were conducted
between 2.25 and 30.5h, typically in
weekly (Otto & Wollesen, 2022; Ratzon
et al,, 2016) or twice-weekly (Warming
et al., 2008) sessions lasting 45-60 min.
However, three studies lacked important
information regarding frequency and

duration (Cooper et al., 1998; Ewert
et al,, 2009; Yang et al., 2021). One mul-
ticomponent ergonomic intervention
that addressed psychological outcomes
was conducted twice per week for about
40 min over 5 weeks; however, detailed
information regarding ergonomic train-
ing is missing (Akyurek et al., 2020).

Multicomponent exercise studies for
improved physical outcomes (n="7) had
a wide range of total duration with 4.5-
48h. Jalalvandi et al. (2022) applied
a regimen with three sessions per week
with a short duration of only 15min and
participants in the intervention by C.-
]. Zou et al. (2021) exercised for 45 min
five times per week. Other studies typ-
ically had weekly training duration of 1
(Brox & Froystein, 2005; Muller et al,
2001) to 2 h (Bauer et al., 2019). Two
studies (Martins & Marziale, 2012; Mat-
sugaki et al., 2017) failed to report ses-
sion durations. In exercise studies aiming
to improve psychological outcomes, to-
tal duration was between 19.75 and 65h.
While three studies (Chen et al., 2014;
Chen et al., 2016; Mohebbi et al., 2019)
involved exercise three times per week
for 50- to 60-min sessions, Ehegartner
et al. (2021) delivered a 5-day intensive
prevention program for a total of 19.75h.
Lastly, Das Gecim and Esin (2021) did
not provide information regarding ses-
sion length and session content for a 4-
week intervention.

Physiotherapeutic interventions had
a total duration of 12-18h. While nurses
in the study by Moreira et al. (2021)
exercised twice weekly for 30 min over
12 weeks, those in the study by Becker
et al. (2017) trained weekly for 45min
over 10 weeks.

In yoga studies, session duration was
typically 50 min in twice-weekly sessions
over 3 (Mandal et al, 2021; 20h) to
6 months (Fang &Li, 2015; 43 h). Alexan-
deretal. (2015) did not provide sufficient
information regarding frequency and du-
ration.

Control mechanisms. In total, 11 studies
explicitly stated and applied training con-
trol mechanisms. Intensity control was
used in seven studies (Ewert et al., 2009;
Jalalvandi et al., 2022; Matsugaki et al.,
2017; Mohebbi et al., 2019; Otto & Wolle-
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sen, 2022; Warming et al., 2008; Yuan
et al., 2009), four studies pertained to
progressive overload (Bauer et al., 2019;
Becker et al.,, 2017; Martins & Marziale,
2012; Otto & Wollesen, 2022), and one
study offered training variety (Alexander
et al,, 2015).

Further, eight studies reported the
intensity of the trainings, of which three
were light (Brox & Froystein, 2005;
Tucker et al., 2016; Yuan et al., 2009)
two were moderate (Mohebbi et al., 2019;
Otto & Wollesen, 2022) and three had
individualized intensity (Becker et al.,
2017; Matsugaki et al,, 2017; Ratzon
et al., 2016).

Lastly, 19 studies were tailored to the
needs of the target group or were indi-
vidualized. Of those, seven were specific
to back pain or LBP (Alexandre et al.,
2001; Bauer et al., 2019; Jalalvandi et al.,
2022; Jaromi et al., 2018; Jaromi et al.,
2012; Muller et al., 2001; C.-J. Zou et al.,
2021), one study was specific to shoulder
pain (Martins & Marziale, 2012), and 11
studiesapplied aneed-tailored orindivid-
ualized training regimen (Becker et al,,
2017; Cooper et al., 1998; Ehegartner
et al,, 2021; Ewert et al., 2009; Matsug-
aki et al.,, 2017; Otto & Wollesen, 2022;
Ratzon et al.,, 2016; Tucker et al., 2016;
Tucker et al., 2011; Warming et al., 2008;
Yang et al., 2021).

Discussion

The overall aim of this systematic review
was to illuminate the evidence regarding
the efficacy of different exercise and er-
gonomic intervention types on the work
ability of nurses. Furthermore, we in-
cluded a qualitative analysis of training
methods and content with respect to the
FITT principles (Swain et al., 2014) and
parameters of training control (e.g., RPE,
progression, or variety).

In this review, nine types of exercise-
based interventions in nursing settings
were identified. These intervention types
included aerobic exercising (n= 1), back
school (n=3), ergonomics (n=6), in-
creasing physical activity (n=3), mul-
ticomponent ergonomics (n=6), multi-
component exercising (n = 12), combina-
tion of exercising and ergonomics (n=

‘ German Journal of Exercise and Sport Research

1), physiotherapy (n=2), and yoga (n=
3).

Effectiveness of intervention types
addressing physical outcomes

Light aerobic exercise on a stair step-
per (Yuan et al., 2009) improved BMI,
grip strength, flexibility in asit-and-reach
rest, durability of abdominal and back
muscles, and cardiopulmonary function
compared to an inactive control group.
This exercise was done with a volume of
720-1080 min in 3 months. The improve-
ments in the BMI as well as in cardiopul-
monary functioning could have been ex-
pected due to the type of exercise (Chris-
tle & Arena, 2020). The improvements
in grip strength as well as abdominal
and back muscles are unexpected with
respect to aerobic exercise. However, if
participants are exercising on a stair-step-
per they might have balanced their body
movement on the stepper with holding
the handrails and might have grabbed
the handle bars and squeezed them. This
may induce a higher grip strength. More-
over, thisleads to an upright body posture
with muscleactivity in theabdominaland
back muscles (which are also involved in
the stair-stepping movements). Interest-
ingly, these improvements were reached
with light intensities. It may be possible
that the participants were untrained and
therefore even the light intensities were
able to offer positive effects on physical fit-
ness (Bannetal.,, 2015). Inaddition, there
is some evidence that grip strength could
be a marker of overall body composition
and fitness (Bohannon, 2019). However,
these explanations are only speculative
and are not supported by the study de-
scription. Moreover, the study quality
waslow and therefore these results should
not be overestimated, especially as this
was the only study using stair-stepping
exercises identified in this review.

The back school programs were able
to improve body posture and the quality
of the lifting performance (Jaromi et al.,
2012; Jaromi et al., 2018) and to reduce
cervical back pain (Alexandreetal.,2001)
and non-specific back pain (Jaromi et al.,
2012; Jaromi et al., 2018). In the study
by Jaromi et al. (2012), the intervention
was not more effective than passive phys-

iotherapy in reducing back pain directly
after the intervention. However, the pos-
itive changes in the intervention group
were maintained in the 6- and 12-month
follow-ups. Together with the positive
changes of the lifting techniques and ac-
companying improvements in body pos-
ture, the nurses might have changed their
lifting behavior, which led to persistent
reduction in back pain (Al Johani & Pas-
cual Pascua, 2019). To gain these effects,
a total duration of 5 in 6 weeks was re-
ported.

Included ergonomic studies (n=6)
exhibited improvements in movement
quality and pain perceptions. In con-
trast to the results of the back schools
including education, only one ergonomic
program succeeded in reducing physical
disorders and the number of sick leave
days (Kindblom-Rising et al, 2011).
None of the programs showed positive
effects on reducing back pain compared
to the control groups. One might argue
that the intervention duration of classic
ergonomic workshops is insufficient to
gain positive effects on lifting behaviors.
However, the length of the identified
programs had a duration between 4h
and 112h. Moreover, reflecting the
duration of the back schools, positive
results were found for a duration of 5 h
in total (Jaromi et al., 2012). Out of
three studies that measured follow-ups,
two studies (Carta et al., 2010; Karahan
& Bayraktar, 2013) reported sustainable
intervention effects for ergonomic work-
ing. However, low study quality may
confound the study results (M=0.61).
Thus, more high-quality interventions
are necessary to establish the effects of
short-term ergonomic trainings.

In addition, classic ergonomic inter-
ventions favor a straight upper body for
correct lifting and carrying. A straight
upper body with a strong lordotic char-
acteristic is often presented here (the
lower back tends to hollow in order to
keep the back straight, especially when
bending forward) and the assumption
of a “rounded back” (kyphotic charac-
teristic) is used as a potentially harm-
ful negative example. However, there
is often the contradiction that partici-
pants describe the negative example as
being more pleasant, and the frequency



of observations of these negative exam-
ples in practice raises the question of
whether the techniques known from clas-
sic back schools are actually effective. In
a combination of in vivo data and sim-
ulation models, Khoddam-Khorasani et
al. (2020) compared the compression
forces between lordotic, kyphotic, and
medium postures and came to the con-
clusion that the extreme “back-friendly”
lordotic upper body posture generates
significantly higher compression forces
and higher muscular activities than the
other two variants. On the basis of the
results of the study, the authors advocate
adopting a middle position that avoids
extreme upper body postures in one di-
rection or the other. Therefore, one might
argue that the content and the composi-
tion of the ergonomic programs should
be changed, e.g., with the expertise of
sports science to gain sustainable effects.

One solution might be multicompo-
nent ergonomic programs incorporating
aspects of education, ergonomic prac-
tical training, as well as strength or re-
sistance training. In multicomponent er-
gonomic studies (interventions that com-
bined ergonomic intervention and an-
other component, e.g., exercising, med-
itation), mixed results were obtained re-
garding work ability enhancement. This
may be due to the fact that interven-
tion components trigger different physi-
ological and psychological mechanisms.
These mechanisms are linked to specific
adaptation processes that require differ-
ent training types, frequencies, and du-
rations to occur (e.g., Rivera-Brown &
Frontera, 2012).

Overall, five out of seven interven-
tions led to positive results on body pos-
tures and lifting performance (Otto &
Wollesen, 2022, combining ergonomics,
education and strength training; Ratzon
et al., 2016 combining education and
physiotherapeutic exercises). Moreover,
low back pain and accompanying dis-
abilities were reduced in three of the
programs (Cooper et al., 1998; Otto &
Wollesen, 2022; Warming et al., 2008).
The three studies combined education
and strength exercises, while Warning
etal. (2008) also included additional aer-
obic exercises. Therefore, a combination
of the three components of education,

ergonomic behavior, and (strength) ex-
ercises seems to be most promising. The
potential benefits of classic training in-
terventions might be one reason why the
extensive ergonomic and exercise inter-
vention by Ewertetal. (2009) did not find
superior improvements in the interven-
tion group that received ergonomic train-
ing, segmental stabilization, and cogni-
tive-behavioral education in addition to
multicomponent exercises compared to
physical exercises only. Potential reasons
pertain to training content selection, op-
eration on the same psychological mech-
anisms as the exercise components, and
inclusion of motivated participants, who
may already have a good basic under-
standing of ergonomic work behavior.

An intervention combining progres-
sive muscle relaxation, posture exercises,
and ergonomics (Akyurek et al., 2020)
was not able to gain positive effects on
pain and body posture. The program had
only 10 min per session for body posture
exercises and the amount of ergonomic
training was not specified. Therefore, one
might conclude that the composition of
the training was not specific enough to
trigger mechanism to reduce pain and to
improve body posture.

Nine multicomponent exercise stud-
ies examined physical outcomes, with
eight studies reporting positive effects.
Decreased pain was found for five stud-
ies that used different combinations
of strength and stretching training (cf.
@ Table 3; Chen et al,, 2016; Chen et al,,
2014; Jalalvandi et al., 2022; Martins &
Marziale, 2012; Zou et al., 2021). Inter-
estingly, the combination of the physical
training with additional therapy used in
the intervention by Martins and Marziale
(2012) did not add further benefits.

Also, improvements of strength and
trunk muscle coordination were reported
in three studies (Matsugaki et al., 2017;
Muller et al., 2001; Zou et al., 2021).
These effects might be explained by the
exercise specificity (cf. @ Table 3). How-
ever, exercise and test specificity might
be a potential problem with respect to
the reported benefits of the interventions.
For instance, the study by Muller et al.
(2001) examined coordination training
for nurses, and while they found an im-
provement of trunk muscle coordination,

there were no posturography-related im-
provements. With no balance-specific
training components, it cannot be ex-
pected to find improvements in postur-
ographic outcomes.

The aspect of specificity is also ad-
dressed in physiotherapy. In the inte-
grated studies of this review, physiother-
apy seems to improve work ability by
changing various physical and psycho-
logical parameters (mobility, strength,
psychological well-being, pain percep-
tion; Becker et al., 2017; Moreira et al,,
2021). One major advantage of physio-
therapy is that it should be designed to
tackle the specific complaints of clients.
Nevertheless, the extensive requirements
regarding financial, personnel, and time-
related resources might hinder the fea-
sibility of physiotherapeutic approaches
(Kreis, 2003).

Effectiveness of intervention
types addressing psychological
outcomes

A total number of 10 studies addressed
psychological outcomes suchasstressand
QoL (cf. @Tables 2 and 3). In the eight
programs with positive benefits on stress
outcomes, three used a yoga interven-
tion (Alexander et al.,, 2015; Fang & Li,
2015; Mandal et al., 2021). In line with
previous literature (e.g., Bischoft et al,
2019; Otto & Wollesen, 2022), significant
effects on stress perceptions in nursing
personnel were observed after a total in-
tervention time of 20h (50-min sessions
two times/week). Unfortunately, no yoga
study included follow-up measurements,
nor was the yoga intervention compared
with other intervention types. Moreover,
the study quality was only moderate.

One might argue that yoga has the
potential to improve biochemical mark-
ers of stress (Riley & Park, 2015); how-
ever, Mandal et al. (2021) did not find
improvements in biochemical outcomes
after a 20-h yoga intervention.

One study examining multicompo-
nent ergonomics including progressive
muscle relaxation and breathing exer-
cises assessed primarily psychological
outcomes (Akyurek et al., 2020). Ap-
plying the curriculum twice per week
for 5 weeks was linked to improved
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coping strategies as well as less perceived
subjective stress and burnout symptoms.
However, the lack of information con-
cerning session duration is unfortunate
and does not allow further conclusions
to be drawn on adaptative mechanism.

Two studies evaluated the effect of
amulticomponent exercising regimen on
stress outcomes (Ehegartner et al., 2021;
Mohebbi et al., 2021). The 5-day preven-
tion program by Ehegartner et al. (2021;
total duration of 19.75h) led to short-
term effects on stress reduction, but de-
sirable effects diminished at the 9-month
follow-up. Mohebbi et al. (2019) as-
sessed a multicomponent aerobic train-
ing (24h, three times/week for 1h). Par-
ticipants improved on stress-related out-
comes: Unfortunately, no training-ap-
propriate outcomes such as VOzmax were
assessed to offer conclusions, e.g., with
respect to the stress-buffering hypothe-
ses (for an overview, cf. Bischoff et al.,
2019).

It should be noted that one study
that aimed to increase physical activity
(Lavoie-Tremblay et al., 2014) was able to
reduce sitting times but led to significant
higher stress values in the intervention
group. Whether this result was due to
a higher effort that had to be managed
next to the daily working tasks or whether
this aspect refers to, e.g., the physical ac-
tivity paradox (Janssen & Voelcker-Re-
hage, 2023) cannot be answered in this
review. Moreover, a short-term inter-
vention with the goal to increase general
physical activity may not be sufficient to
induce stress-buffering effects (Gerber,
Kellmann, Hartmann, & Piihse, 2010).

Quality-of-life parameters were exam-
ined in three interventions: multicompo-
nent training including several exercises,
ergonomics, and cognitive-behavioralas-
pects (Ewert et al., 2009); self-manage-
ment training including health behavior,
yoga, and nutrition (Das Gecim and Esin,
2021); coordination exercises combined
with preventive education (Muller et al.,
2001). None ofthese interventions exhib-
ited an effect on QoL from pre- to post-
testing. Previous studies on health-re-
lated QoL showed that, e.g., compassion
fatigue, burnout, and compassion satis-
faction influence the physical and men-
tal components of QoL in nurses (Ruiz-
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Fernandez et al., 2020). These aspects
were not specifically addressed in these
interventions. This might be one expla-
nation why the measurement of QoL as
surrogate marker did not show positive
effects. Moreover, it needs to be dis-
cussed whether a self-management in-
tervention should be combined with su-
pervised training, as supervision guar-
antees appropriate training and exercise
execution (Ninot et al., 2011).

Effectiveness of intervention types
addressing increasing physical
activity

Finally, three studies examined a self-
managed physical activity challenge in
hospital nurses (Lavoie-Tremblay et al.,
2014; Tucker et al., 2011; Tucker et al,
2016). 'The trials had effects on re-
duced sedentary and inactivity times as
well as weight loss and BMI. However,
the examined stress outcomes did not
change in the desired direction. The
interventions were based on a motiva-
tional, self-management and therefore
non-supervised model. Also, the stud-
ies used a gamification approach where
participants could compare themselves
with their participating colleagues. It
has been found that there are moderat-
ing effects for gamification elements for
participants who do not meet the WHO
criteria on health-promoting physical
activity (Bischoff, Baumann, Meixner,
Nixon, & Wollesen, 2021). Specifically,
different personality types may have dif-
ferential preferences for gamified health
promotion (Ghaban & Hendley, 2019).
Thus, need-tailored gamification aspects
should be considered in future self-
managed WHPPs.

Benefits of identified training
principles and control of training
load

Frequency and duration. A total of
15 studies failed to include relevant in-
formation pertaining to frequency, du-
ration, or training session intervals (cf.
O Table 3). In particular ergonomic stud-
ies omitted details, leading to ambiguity
regarding frequency, session duration,
and session intervals. Studies with more

exercise-related content were more often
formulated clear specifications toward
frequency and duration of trainings. For
intervention studies that do not rely on
a self-management model (e.g., mhealth
interventions; Krebs, Prochaska, & Rossi,
2010), providing information on train-
ing principles should be the default to
aid rigorous efficacy analyses.

Further, the high variability in train-
ing duration in the intervention types
renders analysis difficult. However, it is
noticeable that two sessions per week re-
sulted predominantly in a reduction of
back pain. This is in line with the find-
ings of Wackerhage et al. (2021), who
recommend a frequency of two training
sessions per week.

Ergonomic studies with total dura-
tion of between 4 and 112 h exhibit poor
reporting quality and highly heteroge-
nous effectiveness. For instance, the
most extensive intervention time (112h;
Hartvigsen et al., 2005) had no effects
on pain and general health. However,
the results showed improved lifting tech-
niques with at least 4h of intervention
(Best, 1997; Carta et al., 2010; Feldstein
et al., 1993; Karahan & Bayraktar, 2013;
Kindblom-Rising et al., 2011). Thereby;,
the frequency of intervention units is
often not specified. Further studies with
high quality are needed to verify the
effects (Otto et al., 2021).

Multicomponent ergonomic inter-
ventions were also highly variable con-
cerning intervention duration, but there
is a clear indication that intervention
duration of 22 weeks (once a week)
is associated with reduced back pain
and improved working technique (Otto
& Wollesen, 2022). This is linked to
the finding that increased intervention
effectiveness is associated with higher
intervention duration (Greaves et al.,
2011). Furthermore, long-term studies
showed an average of 66 days for be-
havioral changes and 12-16 weeks for
improvements in strength, reinforcing
the study’s findings (Prieske et al., 2019;
Scherenberg et al., 2018).

Therapeutic approaches can have sub-
jective psychological effects for nurses at
a total duration of 18h in ten weekly ses-
sions; however, these changes were not
associated with objective strength mea-



sures (Becker et al., 2017). However, the
therapeutic exercises in the study by Mor-
eira et al. (2021) were linked to strength
increases at a total time of 12h, deliv-
ered twice weekly within 12 weeks. This
difference may be due to the healthy par-
ticipants in their study (2021) who did
not suffer from pain during the interven-
tion.

Lastly, yoga can have psychological ef-
fects on sleep quality and stress percep-
tion with two 50-min training sessions
per week within 12 weeks. This was also
found in the review by Zou et al. (2018),
who recommend at least 60 min of yoga
practice weekly over 12-16 weeks for psy-
chological health effects.

Training intensity. Concerning intensity,
only eight studies explicitly mentioned
training intensity (cf. @ Table 3). For
light intensity (n= 3), results were mixed.
It might not be sufficient to induce car-
diovascular changes with light-intensity
exercises, even with relatively high train-
ing load (Brox & Froystein, 2005). When
moderate training intensities were ap-
plied (n=2), effects on work ability im-
proved. However, Mohebbi et al. (2019)
did not analyze training specific out-
comes but merely self-reported stress.
This is unfortunate in training- and ex-
ercise-based studies that are likely to in-
duce training-specific adaptations (e.g.,
Gibala, Little, MacDonald, & Hawley,
2012). Individual intensity studies (n=
3) were effective in reducing pain and
improving body posture, strength, and
vital parameters such as VOzmax. How-
ever, results were heterogeneous between
studies, which may be due to very dif-
ferent total intervention volumes. Also,
intensity is merely one of many aspects
for training individualization and should
be combined with further control mech-
anisms (Simpson et al., 2021).

Individualization and need-tailoring.

Overall, 19 studies intervened with an
individualized or need-tailored approach
(cf. B Table 3). Studies that aimed to im-
prove region-specific pain levels (back
or shoulder; n=9) for injured nurses
typically exhibited the desired results.
However, maintaining work ability over
long periods of time is a multifaceted en-

deavor and should consider both injured
and non-injured nurses. Thus, need-tai-
loring and individualization procedures
should incorporate multiple aspects of
individuals, such as physical, psycho-
logical, and social circumstances (Bull
et al, 2020). Additionally, the other
studies with an individualized or need-
tailored approach demonstrated pre-
dominantly positive effects with regard
to their investigated outcomes (n=38).
This highlights the importance for in-
dividualized need-tailored interventions
that consider nurses’ needs, wishes, and
barriers (Otto etal., 2021; van Hoof et al.,
2018). This approach has been shown
to promote sustainable and long-term
behavioral modifications and increase
the employees’ motivation (Wollesen
et al., 2016).

Training control. Training control mech-
anisms were mentioned by 11 studies and
included intensity control (n=7), pro-
gressive overload (n = 4), and variety (n=
1; cf. BTable 3). Studies with intensity
control typically exhibited positive re-
sults at postintervention for outcomes
that were associated with training as-
pects that were controlled for intensity.
Similarly, progressive overload was as-
sociated with outcome improvement for
various pain-, strength-, and movement-
related parameters at postintervention in
strength-based studies. The results point
to the added value of sport science-based
training control procedures (Borresen &
Lambert, 2009).

Training principles and controls
should be described as a default in
exercise-based studies so as to allow
for more thorough and detailed assess-
ment and increase intervention efficacy.
Where detailed description of training
principles is missing, heterogenous ef-
fects of similar exercise interventions
ensue (Herold, Miiller, Gronwald, &
Miiller, 2019).

Strengths and limitations

This systematic reviewis the firstin-depth
analysis of exercise-based WHPP inter-
vention types in different nursing set-
tings. Additionally, the study shed light
on the usage of relevant training prin-

ciples in WHPPs. To our knowledge,
the analysis of FITT and training control
principles is unique in a WHPP setting
and should become a standard procedure
for WHPP and other health promotion
reviews in order to establish common
ground for the evaluation of interven-
tion quality. Furthermore, we identified
a large gap in the health promotion lit-
erature in the geriatric and outpatient
setting. Additionally, this review could
identify specific shortcomings of WHPPs
in nurses. For instance, a lack of follow-
up measurements and missing informa-
tion pertaining to relevant training prin-
ciples prevent the analysis of long-term
adaptations to exercise regimens.

One limitation of the study pertains
to the fact that our search strategy may
not have detected all appropriate studies
within the scope of our research aims.
After checking the literature lists of re-
lated reviews (Bischoff et al., 2019; Otto
etal., 2021), we believe that we identified
the majority of relevant studies. However,
we included all identified study types and
did not focus on RCT's specifically. This
mightinfluence the evidence gained from
the results due to missing control groups.
Furthermore, with respect to theories
of work ability, work performance, or
work capacity, the results of this review
might be limited. Future reviews should
include additional outcomes regarding
psychosomatic symptoms, work ability,
and occupational health models. Also,
the heterogeneity of outcomes was rather
large. Comparisons between studies and
a meta-analytical approach are therefore
not feasible. Future studies may aim for
the assessment of more homogeneous
outcomes and rely on validated, often-
used questionnaires rather than self-de-
veloped scales to allow for meta-analytic
analyses in the future. Finally, while we
contacted researchers for full texts of re-
trieved studies, we did not contact au-
thors who failed to report full result de-
tails such as missing significance values.

Conclusion and recommenda-
tions

The review showed that intervention

types such as back school, multicom-
ponent ergonomics and training in-
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terventions, as well as yoga positively
impact work ability via psychological
and physical mechanisms.

Regarding evidence-based training
principles, this review showed for the
nursing setting that training specificity
leads to benefits in the evaluated out-
comes. In line with the previous lit-
erature, this was shown for improving
ergonomic behavior in back schools and
some of the ergonomic interventions, re-
ducing back pain in combined interven-
tions using in particular ergonomic and
strength trainingand inreducing stressby
yoga interventions. Moreover, regarding
multicomponent training interventions
including strength, endurance, and flex-
ibility training, these interventions were
as effective as physiotherapy. While the
review clearly showed that different inter-
vention types can lead to improvements
in work ability at postintervention, only
one study that included follow-ups found
an improvement after 12 months post-
intervention, which relied heavily on the
autonomy and self-responsibility of the
participants. Accordingly, future studies
should attempt to innovate workplace
health promotion programs (WHPPs)
in a way that allows for sustainable long-
term work ability improvements. Also,
integration of sport scientific expertise
concerning training control mechanisms
for enhanced health promotion program
success is essential to achieve sustainable
effects on the work ability of nurses and
other target groups.

Moreover, this systematic review
showed that WHPPs in nursing settings
currently may not adhere to the setting
approach sufficiently, as suggested by the
lack of studies in two of the analyzed
settings. To ensure a high work ability
of the entire nursing work force, it is
very important to conduct WHPPs in all
nursing settings so as to avoid nursing
crises in the future. To accomplish this,
there is a need for more high-quality
intervention studies such as randomized
controlled trials that identify feasible ex-
ercise-based WHPPs in nursing settings
conducted according to evidence-based
training principles.
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Appendix

Appendix A. Excluded studies

Table 5 Excluded studies in alphabetical order with reason for exclusion
Study Reason for exclu-
sion

Anderson, R, Mammen, K., Paul, P, Pletch, A, & Pulia, K. (2017). Using Yoga Nidra to Improve Stress in Psychiatric Nurses in a Pilot  Included non-
Study. Journal of Alternative & Complementary Medicine, 23(6), 494-495 nursing partici-

Anyan, W, Faraklas, I., Morris, S., & Cochran, A. (2013). Overhead lift systems reduce back injuries among burn care providers. Jour- Pants/different
nal of Burn Care & Research, 34(6), 586-590 population

Cantarella, C., Stucchi, G., Menoni, O., Consonni, D., Cairoli, S., Manno, R., Tasso, M., Galinotti, L., & Battevi, N. (2020). MAPO method
to assess the risk of patient manual handling in hospital wards: A validation study. Human Factors, 1141-1149

Carter, P.A., Dyer, K.A., & Mikan, S.Q. (2013). Sleep Disturbance, Chronic Stress, and Depression in Hospice Nurses: Testing the Feasi-
bility of an Intervention. Clinical Journal of Oncology Nursing, 17, E368-73

Clayton, M.F, lacob, E., Reblin, M., & Ellington, L. (2019). Hospice nurse identification of comfortable and difficult discussion topics:
Associations among self-perceived communication effectiveness, nursing stress, life events, and burnout. Patient Education and
Counseling, 102(10), 1793-1801

Daynard, D., Yassi, A., Cooper, J.E., Tate, R, Norman, R., & Wells, R. (2001). Biomechanical analysis of peak and cumulative spinal
loads during simulated patient-handling activities: A substudy of a randomized controlled trial to prevent lift and transfer injury of
health care workers. Applied Ergonomics, 32(3), 199-214

Doran, K., Resnick, B., Kim, N., Lynn, D., & McCormick, T. (2017). Applying the social ecological model and theory of self-efficacy in
the Worksite Hart Health Improvement Project-PLUS. Research & Theory for Nursing Practice, 8-27

Evanoff, B. A., Bohr, P.C., & Wolf, L. D. (1999). Effects of a participatory ergonomics team among hospital orderlies. American Journal
of Industrial Medicine (35), 358-365

Fillion, L., Duval, S., Dumont, S., Gagnon, P, Tremblay, |, Bairati, |., & Breitbart, W.S. (2009). Impact of a meaning-centered interven-
tion on job satisfaction and on quality of life among palliative care nurses. Psycho-Oncology, 18(12), 1300-1310

Freitas, A.R., Carneseca, E.C,, Paiva, C.E., & Sakamoto Ribeiro Paiva, B. (2014). Impact of a physical activity program on the anxi-
ety, depression, occupational stress and burnout syndrome of nursing professionals. Revista Latino-Americana De Enfermagem
(RLAE), 22(2), 332-336

Kalicinska, M., Chylinska, J., & Wilczek-Rozyczka, E. (2012). Professional burnout and social support in the workplace among hos-
pice nurses and midwives in Poland. International Journal of Nursing Practice, 18(6), 595-603

Kusma, B., Pietsch, A, Riepenhof, H., HaB, S., Kuhn, D., Fischer, K., & Nienhaus, A. (2019). The Back College for nurses—an evaluation
of intermediate effects. Journal of Occupational Medicine & Toxicology, 14,19

Lennefer, T., Lopper, E., Wiedemann, A.U., Hess, U., & Hoppe, A. (2020). Improving employees’ work-related well-being and physical
health through a technology-based physical activity intervention: A randomized intervention-control group study. Journal of
Occupational Health Psychology, 143-158

Levy, J.A., & Gordon, A.K. (1987). Stress and burnout in the social world of hospice. Hospice Journal, 3(2-3), 29-51

Lim, H.J., Black, T.R., Shah, S. M., Sarker, S., & Metcalfe, J. (2011). Evaluating repeated patient handling injuries following the imple-
mentation of a multi-factor ergonomic intervention program among health care workers. Journal of Safety Research, 42(3), 185-
191

Lok, N., & Bademli, K. (2017). Pilot testing of the “First You Should Get Stronger” program among caregivers of older adults with
dementia. Archives of Gerontology and Geriatrics, 68, 84-89

Rasmussen, C.D.N., Holtermann, A., Bay, H., Sogaard, K., & Birk Jorgensen, M. (2015). A multifaceted workplace intervention for low
back pain in nurses’ aides: A pragmatic stepped wedge cluster randomised controlled trial. Pain, 156(9), 1786-1794

Rasmussen, C.D.N., Holtermann, A., Jorgensen, M.B., Orberg, A., Mortensen, O.S., & Sogaard, K. (2016). A multi-faceted workplace
intervention targeting low back pain was effective for physical work demands and maladaptive pain behaviours, but not for work
ability and sickness absence: Stepped wedge cluster randomised trial. Scandinavian Journal of Public Health, 44(6), 560-570
Richman, J. M., & Rosenfeld, L. B. (1987). Stress reduction for hospice workers: A support group model. Hospice Journal, 3(2-3),
205-221

Risor, B.W., Casper, S.D., Andersen, L.L., & Sorensen, J. (2017). A multi-component patient-handling intervention improves at-
titudes and behaviors for safe patient handling and reduces aggression experienced by nursing staff: A controlled before-after
study. Applied Ergonomics, 74-82

Wasner, M., Longaker, C., Fegg, M. J., & Borasio, G.D. (2005). Effects of spiritual care training for palliative care professionals. Pallia-
tive Medicine, 19(2), 99-104
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Bazarko, D., Cate, R.A., Azocar, F, & Kreitzer, M. J. (2013). The impact of an innovative mindfulness-based stress reduction program ~ Wrong study
on the health and well-being of nurses employed in a corporate setting. Journal of Workplace Behavioral Health, 107-133 design

Bost, N., & Wallis, M. (2006). The effectiveness of a 15 minute weekly massage in reducing physical and psychological stress in
nurses. The Australian Journal of Advanced Nursing: A Quarterly Publication of the Royal Australian Nursing Federation, 23(4),
28-33

Botha, E., Gwin, T., & Purpora, C. (2015). The effectiveness of mindfulness based programs in reducing stress experienced by nurses
in adult hospital settings: A systematic review of quantitative evidence protocol. JBI Database of Systematic Reviews and Imple-
mentation Reports, 13(10), 21-29

Budarick, A.R., Lad, U., & Fischer, S.L. (2020). Can the use of turn-assist surfaces reduce the physical burden on caregivers when
performing patient turning? Human Factors, 77-92

Diaz-Rodriguez, L., Arroyo-Morales, M., Cantarero-Villanueva, |., Fernandez-Lao, C., Polley, M., & Fernandez-De-Las-Penas, C. (2011).
The application of Reiki in nurses diagnosed with burnout syndrome has beneficial effects on concentration of salivary IgA and
blood pressure. Revista Latino Americana De Enfermagem, 19(5), 1132-1138

Engkvist, |.-L. (2006). Evaluation of an intervention comprising a no lifting policy in Australian hospitals. Applied Ergonomics,
37(2), 141-148

Eren, N.B., & Oztunc, G. (2017). The effects of aromatherapy on the stress and anxiety levels of nurses working in intensive care
units. International Journal of Caring Sciences, 10(3), 1615-1623

Guthrie, P.F, Westphal, L., Dahlman, B., Berg, M., Behnam, K., & Ferrell, D. (2004). A patient lifting intervention for preventing the
work-related injuries of nurses. /OS Press, (22), 79-88

Hrabe, D.P, Melnyk, B.M., Buck, J., & Sinnott, L.T. (2017). Effects of the Nurse Athlete Program on the Healthy Lifestyle Behaviors,
Physical Health, and Mental Well-being of New Graduate Nurses. Nursing Administration Quarterly, 41(4), 353-359

Hunter, L. (2016). Making time and space: The impact of mindfulness training on nursing and midwifery practice. A critical inter-
pretative synthesis. Journal of Clinical Nursing, 918-929

Isaksson, Ro, KE, Gude, T., Tyssen, R., & Aasland, O.G. (2010). A self-referral preventive intervention for burnout among Norwegian
nurses: One-year follow-up study. Patient Education & Counseling, 78(2), 191-197

Jensen, H.I.,, Markvart, J., Holst, R, Thomsen, T.D,, Larsen, J.W., Eg, D.M., & Nielsen, L.S. (2016). Shift work and quality of sleep:
Effect of working in designed dynamic light. International Archives of Occupational & Environmental Health, 89(1), 49-61

Jukic, T, Ihan, A, Ster, M. P, Strojnik, V., Stubljar, D,, Starc, A., & Petek-Ster, M. (2020). Adherence of Female Health Care Workers to
the Use a Web-Based Tool for Improving and Modifying Lifestyle: Prospective Target Group Pilot Study. Journal of Medical Internet
Research, 22(8)

Kurebayashi, L.F, & da, Silva, MJ (2015). Chinese auriculotherapy to improve quality of life of nursing team. Revista Brasileira De
Enfermagem, 68(1), 109-15, 117-23

Kutash, M., Short, M., Shea, J., & Martinez, M. (2009). The Lift Team'’s Importance to a Successful Safe Patient Handling Program. The
Journal of Nursing Administration, 39(4), 170-175

Lehmann, A.1., Brauchli, R., Jenny, G.J., Fullemann, D., & Bauer, G.F. (2020). Baseline psychosocial and affective context character-
istics predict outcome expectancy as a process appraisal of an organizational health intervention. International Journal of Stress
Management, 1-11

Li, J., Wolf, L., & Evanoff, B. (2004). Use of mechanical patient lifts decreased musculoskeletal symptoms and injuries among health
care workers. Injury Prevention: Journal of the International Society for Child and Adolescent Injury Prevention, 10(4), 212-216
Lomas, T., Medina, J.C,, Ivtzan, |., Rupprecht, S., & Eiroa-Orosa, F.J. (2019). A systematic review and meta-analysis of the impact of
mindfulness-based interventions on the well-being of healthcare professionals. Mindfulness, 1193-1216

Maatouk, I, Muller, A., Angerer, P, Schmook, R., Nikendei, C., Herbst, K., Gantner, M., Herzog, W., & Gundel, H. (2018). Healthy age-
ing at work—Efficacy of group interventions on the mental health of nurses aged 45 and older: Results of a randomised, controlled
trial. PLoS ONE, 13(1), 0191000

McDonald, G., Jackson, D., Wilkes, L., & Vickers, M. H. (2013). Personal resilience in nurses and midwives: Effects of a work-based
educational intervention. Contemporary Nurse: A Journal for the Australian Nursing Profession, 45(1), 134-143

Rasmussen, C.D.N., Holtermann, A., Mortensen, O.S., Sogaard, K., & Jorgensen, M.B. (2013). Prevention of low back pain and its
consequences among nurses’ aides in elderly care: A stepped-wedge multi-faceted cluster-randomized controlled trial. BMC Public
Health, 13, 1088

Saavedra, J., Murvartian, L., & Vallecillo, N. (2020). Health and burnout of home health care assistants: Impact of a training interven-
tion. Anales De Psicologia, 30-38

Sampson, M., Melnyk, B.M., & Hoying, J. (2020). The MINDBODYSTRONG Intervention for New Nurse Residents: 6-Month Effects on
Mental Health Outcomes, Healthy Lifestyle Behaviors, and Job Satisfaction. Worldviews on Evidence Based Nursing, 17(1), 16-23

Springer, P.J,, Lind, B.K,, Kratt, J., Baker, E., & Clavelle, J.T. (2009). Preventing Employee Injury. AAOHN Journal (57), 143-148

Steinberg, B. A, Klatt, M., & Duchemin, A. M. (2016). Feasibility of a Mindfulness-Based Intervention for Surgical Intensive Care Unit
Personnel. American Journal of Critical Care, 26(1), 10-18
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Stevens, M. L., Boyle, E., Hartvigsen, J., Mansell, G., Sogaard, K., Jorgensen, M.B., Holtermann, A., & Rasmussen, C.D.N. (2019). Mech- Wrong study

anisms for reducing low back pain: A mediation analysis of a multifaceted intervention in workers in elderly care. International

Archives of Occupational and Environmental Health, 92(1), 49-58

design

Terry, V.R.,, Graham, C.J., Rogers, C,, Craigie, M., Hegney, D.G., Rees, C.S., & Small, C. (2020). Building resilience among rural and
remote nurses in Queensland, Australia. Collegian, 27(3), 265-270

Turan, N. (2021). An investigation of the effects of an anger management psychoeducation programme on psychological resilience
and affect of intensive care nurses. Intensive & Critical Care Nursing, 62, N.PAG-N.PAG
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Appendix B. Search strategy

registered nurses” or “nursing staft” or
“nurses” or “hospital nurses” or “health
care nurses’ or “nursing auxiliary” or
“nursing aides” or “care assistant” or
“nursing workers” or “attendant nurses”
or “medic nurses” or “home care nurses”
or “ambulant nurses” or “outpatient
nurses” or “nursing person” or “nursing
personnel” or “assistant nursing staff
or “geriatric nurses” or “gerontologi-
cal nurses” or “elderly care nurses” or
“aged care nurses” or “community health
nurs*”
<« . » 3 : : »

and “ergonomics” or “training” or
“coordinative training” or “workplace
health promotion” or “health promotion”
or “prevention” or “primary prevention”
or “occupational health promotion” or
“exercise” or “intervention” or “physical
activity” or “sports” or “work$ health
promot$” or “work$ improv$” or “pro-
mot$ health” or “improv$ work$ health”
or “health develop$” or “health work$
environment” or “training”

“musculoskeletal disease$” or “back
pain” or “pain” or “injuries” or “physio-
logical stress” or “physical health” or
“incapacity of work” or “sick days” or
“sick leave days” or “sickness” or “ab-

senteeism” or “presenteeism” or “sick
leaves” or “well-being” or “burden” or
“health status” or “job satisfaction” or
turn over” “stress” or “mental illness” or
« Cs o« »
depression” or “burnout” or “job expo-
sure” or strain” or anxiety or tension
or “mental disorder” or “derangement”
or “mental disease” or “mental sickness
or “mental wellbeing” or “psychological
load” or “mental load” or “mental strain”
or “emotional instability” or “nervous

Searcheswere conducted on CINAHL,
Medline, and PsycInfo.
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