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T

The prevention of musculoskeletal disorders among nurses is a major
public health issue considering their important role in the healthcare
system. This paper shows that, even if the collective stress factors at
the work-unit level have no direct influence on shoulder pain, they
may lead to working conditions with adverse direct effects on workers’
risk of shoulder pain.
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Objective This study aimed to test longitudinal associations linking the work-unit-level psychosocial and orga-
nizational work environment and biomechanical constraints to workers’ shoulder pain in the French multi-centre
cohort ORSOSA study of registered nurses (RN) and nursing assistants (NA).

Methods We analyzed 1896 female RN and NA, who were free of shoulder pain in 2006 and in the same posi-
tion and work unit in 2008. Incident shoulder pain (SP) was defined as self-reported pain that persists for >4 days
and/or increases during a lateral movement of the arm away from the midline of the body (abduction). Both cross-
sectional and longitudinal models were built to test if work-unit-level features or their influences on both work
tasks and individual perception of the work environment directly influence the risk of developing incident SP.

Results RN in work units with understaffing issues or poor relationships reported higher levels of biomechani-
cal constraints in movements and postures and a lower level of perceived job security and stability. NA who
experienced such issues reported higher levels of biomechanical constraints in indirect patient-handling activi-
ties only. The exposure to these latter factors was associated with higher two-year incident SP among workers.

Conclusion This study shows that the work-unit-level organizational characteristics may impact workers’ mus-
culoskeletal disorders by conditioning both work-task-related biomechanical exposures and individual perception
of the working environment. In healthcare settings, primary prevention programs to reduce MSD would benefit
from a focus on work unit level exposures.

Key terms biomechanical exposure; longitudinal study; musculoskeletal disorder; MSD; nurse; nursing; nursing

assistant; upper limb; work environment; work organization; work-related psychosocial stress.

In many countries, upper-limb musculoskeletal disorders
(MSD) are a major concern in the working population,
and shoulder pain is the most frequent condition (1, 2). A
recent worldwide systematic review of experimental and
observational studies on nurses’ physical health, shows
that, with the exception of drivers and cleaning and main-
tenance personnel, nurses were more affected by MSD
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than other healthcare workers and other occupational
groups (3). Considering nurses’ important role in the
healthcare system, preventing the development of MSD
and the reduction of musculoskeletal symptoms among
this occupational group is a major public health issue.
The role of the work environment in determining the
occurrence of MSD is well documented in the literature.

Institut national de la santé et de la recherche médicale (INSERM) UMR 1027, Toulouse, France.
University of Toulouse 3, Paul Sabatier, UMR 1027, Toulouse, France.

INSERM, Centre for research in Epidemiology and Population Health (CESP), U1018, “Population-Based Epidemiological Cohorts” Research

AP-HP, Occupational Health Unit/EMS (Samu92), University Hospital of Paris West suburb, Poincaré site, Garches, France.
CHRU Lille, Clinique de Santé Publique, Médecine du Travail et Pathologies Professionnelles, Lille, France.

CNRS, UMR 5194, Laboratoire PACTE (Politiques Publiques, Action Publique, Territoires), Grenoble, France.

0 CNRS, UMR 5525, Laboratoire TIMC-IMAG, Equipe Environnement et Prédiction de la Santé des Populations, Grenoble, France.

Correspondence to: Sébastien Lamy, INSERM UMR 1027, Faculté¢ de Médecine, 37 allées Jules Guesde, 31062 Toulouse Cedex, France.

[E-mail: lamy_sebastien_emmanuel@hotmail.fr]

400  Sscand J Work Environ Health 2014, vol 40, no 4



Physical, and to a lesser extent psychosocial factors, have
been identified as important risk factors of MSD (1, 4-9),
including shoulder disorders (2, 10). Most of these studies
examined the psychosocial work environment via work
tasks, that is, at the individual level. Little concern has
been given to the organizational context at the work-unit
level and its possible importance for the primary preven-
tion of MSD. Indeed, work-unit-level exposures may be
seen as fundamental causes of adverse working conditions
at the individual level that may lead to MSD. Among
healthcare workers, few studies looked at the association
between MSD and the organizational characteristics of
the work environment, mainly focusing on shiftwork (7,
11). More recently, studies have addressed the effect of
the perception of healthcare workers of the work-unit-
level psychosocial and organizational environment on the
occurrence of MSD (12, 13), including MSD of the neck
and shoulders (14). However, these studies were cross-
sectional and no conclusion could be drawn concerning
causal relationships. Therefore, as McFarlane et al (15)
concluded in their systematic literature review on the rela-
tionships between work-related psychosocial factors and
MSD, further evidence is needed from new longitudinal
studies to explore the temporal aspects of these links.

The present longitudinal study uses data from the
French multicentre cohort study ORSOSA (ORganisa-
tion des SOins — SAnté des soignants), which aimed to
examine associations between shoulder pain, biomechani-
cal constraints, and work-unit-level psychosocial and
organizational work environment in the ORSOSA cohort
of registered nurses (RN) and nursing assistants (NA).

First, we tested the effects of the work-unit-level
psychosocial and organization work environment on the
development of incident shoulder pain (SP) among RN
and NA. Secondly, we tested both cross-sectional and
longitudinal associations between (i) the work-unit-level
psychosocial and organization environment, and (ii)
work tasks-related biomechanical exposures and indi-
vidual perceptions of the psychosocial work environ-
ment. We hypothesized that work tasks and individual
perceptions of the work environment may directly influ-
ence the risk of developing incident SP among workers
without prior incident of SP (hypothesis 1). The work-
unit-level psychosocial and organizational environment
may condition these latter factors (hypothesis 2).

Methods

Population and study design

The ORSOSA study is a national, longitudinal, mul-
ticentre study among seven French teaching hospitals
(16, 17). It represents the first step of the ORSOSA
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interventional research program, developed in order to
improve healthcare workers’ psychosocial work environ-
ment (18). Work units were eligible if they accounted
for 220 nurses (RN or NA) and were not scheduled for
closure in the following two years. From these, 210
work units, representative of hospital structure and man-
agement considerations, were randomly selected after
stratification by the three specialty areas: (i) medicine,
including geriatric, psychiatric and pediatric units; (ii)
emergency or intensive care unit (ICU); and (iii) surgery.
All nurses that worked at least halftime in the hospital
in the selected work units were invited to participate. A
maximum of 20 NA and RN per unit were included in
the ORSOSA cohort, on a random basis, representing a
total of 4169 participants. Data on the work environment
and workers’ health were collected in 2006 and 2008. A
total of 2915 female RN and NA were eligible for the
present study as they were free of shoulder pain in 2006.
Because longitudinal data were not available for those
who changed work unit or position during the follow-up,
we excluded 678 RN and 341 NA resulting in a study
sample of 1172 RN and 724 NA (a total sample size of
1896). Workers with missing data concerning health sta-
tus or work-unit-level environment or with confounding
factors were excluded from the analyses.

Data collection and variables

Incident shoulder pain. In this study, incident shoulder
pain (SP) was recorded with a self-administrated ques-
tionnaire derived from Kuorinka’s general Standard-
ized Nordic Questionnaire (19). Here, the human body
(viewed from the back) is divided into nine anatomical
regions. For each anatomical area, the following ques-
tion is asked: “At any time during the last 7 days have
you had trouble ache, pain, or discomfort?”. We focused
on pain or discomfort that persists in time for >4 days
and/or that increases during a lateral movement of the
arm away from the midline of the body (abduction)
(20). Indeed, shoulder pain during abduction of the arm
60-120°, known as painful arc, suggests a sub-acromial
or rotator cull disorder (21). We used a binary variable
for describing the presence or not of incident SP in 2008
among workers initially free of such pains in 2006.

Work tasks-related biomechanical exposures. The vali-
dated Borg rating of perceived exertion scale, rang-
ing from 6-20 was used as a proxy for high physical
exertion during a typical working day according to the
main tasks (walking, running upstairs, patient handling
activities, etc.) (22-24). The Borg score was used as a
binary variable according to the median value [higher
versus lower (reference)]. A self-administered question-
naire created by the French Musculoskeletal Disorders
Surveillance Program, Pays de la Loire network, was
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used to assess Biomechanical work constraints (25). The
questionnaire accounted for 13 items distributed among
three dimensions: (i) Number of handling activities per
day related to direct patient-handling activities [4 items,
internal consistency indicated by Cronbach’s alpha: 0.70
(RN) and 0.73 (NA)]; (iii) Number of handling activities
per day related to indirect patient handling activities [3
items, Cronbach’s alpha: 0.54 (RN) and 0.66 (NA)]; (iii)
Movements and postures adopted in a typical work day
with information about duration [6 items, Cronbach’s
alpha: 0.63 (RN) and 0.67 (NA)]. The questionnaire
is available online at www.orsosa.fr. Each dimension
was coded as a binary variable. For a given dimension,
workers were considered as exposed to a high level of
constraints if the number of items coded “exposed” were
higher than the number of items coded “unexposed”.

Workers’ perceived psychosocial work environment: the
effort=reward imbalance model. We used the French
version of the 23 Likert-scaled items standardized in
Siegrist’s effort-reward imbalance (ERI) question-
naire (26, 27). Effort comprised 6 items referring to the
demanding aspects of the work environment, but we
excluded the item concerning physical demand to avoid
colinearity with the physical exertion variable. Reward
comprised 11 items that encompassed 3 themes that may
be labelled “perceived esteem and respect” (5 items),
“job promotion and salary” (4 items), and “job security
and stability” (2 items). We used each dimension as a
continuous variable. Effort scores varied between 5-25,
the higher the score, the higher the effort perception.
Esteem and respect, job promotion and salary, and job
security and stability scores varied between 5-25, 4-20,
and 2-10, respectively. The higher the score, the lower
the reward perception for the dimension. Therefore,
we consider these scores as an indication of a lack of
reward and used them as continuous variables. The
short version of the over-commitment scale was used to
measure the worker’s inability to withdraw from work
obligations and develop a more distant attitude toward
job requirements (6 items). High over commitment was
used as a binary variable defined by the upper tertile
of the distribution among the total female sample (27).

Work units’ psychosocial and organizational work envi-
ronment. We used the French validated 22-item Nursing
Work Index-Extended Organization (NWI-EO) (16),
which is an extended version of the widely used NWI-R
(Nursing Work Index-Revised) (28). Two versions of
the NWI-EO exist: one for RN and one for NA. Each
item is evaluated on a 4-point Likert scale. Items are
distributed among eights dimensions: (i) support from
nursing management staff, (ii) staffing adequacy, (iii)
information exchange regarding patient care encour-
aged by the organization, (iv) frequency of interruption
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during nursing tasks, (v) relationships with hierarchical
superiors within the healthcare team, ie, the physician
(for RN) or the nurses (for NA), (vi) shared work values
among members in the unit, (vii) support from adminis-
trative staff, and (viii) the ability to take holidays or paid
leave (eg, when RN or NA have to come back to work
during their days of rest). As work units form relatively
homogeneous groups which have their own resources,
supervisors and objectives, the NWI-EO dimensions
for which the inter-rater reliability (ICC(1, k)) was suf-
ficiently high (>0.60) (29) were aggregated at the work
unit level by averaging workers’ scores of the same work
unit. Scores obtained for each work-unit-level charac-
teristic varied between 0—15. For a given dimension, the
higher the score, the more adverse the work-unit-level
environment. For both RN and NA, six of the NWI-EO
dimensions matched the ICC(1, k) condition: support
from nursing management staff, staffing adequacy,
information exchange regarding patient care encour-
aged by the organization, relationships with hierarchical
superiors within the healthcare team, and the ability to
take holidays or paid leave. The dimension “frequency
of interruption during nursing tasks”, also matched the
ICC(1, k) condition for RN but not NA. Aggregated
measures were calculated separately for RN and NA.
Scores were treated as continuous variables.

Associated factors. Models were stratified by occupation
and adjusted for age, specialty of the work unit (medi-
cine, emergency and intensive care, and surgery), work
time and work schedule in 2006, even if they had no
significant effect on the development of incident SP. We
adjusted our models for work schedule because studies
suggest that shift work is associated with several health
issues among workers (30). Additionally, tobacco use
(yes, no), body mass index (BMI) and physical activity
(<1 hour a week, =1 hour a week) in 2006 as these fac-
tors are known to be related with MSD (31-33).

Data analysis

In order to test the direct effects of adverse work-
related exposures on incident SP (hypothesis 1), we
ran multivariate logistic regression models stratified by
occupation to study the independent direct associations
between work-related exposures at both the work unit
and the worker levels in 2006 and workers’ incident
SP in 2008. These models were adjusted for work-unit
specialty, work schedule, work time and known factors
related to MSD (age, BMI, tobacco consumption and
physical activity during leisure). From these models, the
work-related exposures at the individual level, which
have an independent longitudinal effect on workers’
incident SP, were then used as dependent variables in a
second step of the analysis. The retained variables were
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then used as outcome in models testing the effects of
work-unit-level psychosocial and organizational envi-
ronment in 2006 on work-task-related biomechanical
exposures and individual perception of the work envi-
ronment (hypothesis 2). We tested both cross-sectional
relationships between work-unit-level psychosocial and
organizational environment and work-related exposures
assessed in 2006, and longitudinal relationships between
work-unit-level psychosocial and organizational envi-
ronment assessed in 2006 and work-related exposures
were assessed in 2008. These models were adjusted
for work-unit specialty, work schedule, work time, and
age. The rationale behind this two-step analysis was the
Baron & Kenny definition of simple mediation (34).
Thus, our assumption is that the work-unit-level psy-
chosocial and organizational environment may influence
incident SP through its association with work-related
exposures at the individual level for which we showed
direct effect on incident SP. Additionally, we assumed
that if the individual perception may be influenced by
both the work-unit-level environment and the work-
task-related biomechanical exposures, the latter are less
likely to be influenced by individual perception. Pearson
correlation coefficients were computed for obtaining
the pairwise correlation between the continuous scores
of work-related exposures. Linear or logistic regression
models were used according to the nature of the outcome
variable. We tested the statistical significance of both
random effects and fixed effects for the hospital and
the work-unit level by comparing nested models with
log-likelihood ratio tests. As no contextual effects were
found for either the hospital or the work-unit level (data
not shown), we did not adjust the models for these lev-
els. In other words, we did not use random effects mod-
els but only linear or logistic regression models. Odds
ratios (OR) with 95% confidence interval (CI 95%) are
presented for each model. Bootstrap methods were used
to estimate standard deviations and confidence intervals.
As the multivariate regression models we built did not
have the same outcomes, the analyzed sample size var-
ied according to the inclusion criteria we defined at the
end of the “population and study design” section. Here,
we present inclusion rates only for the primary analysis
that is where work units and work-related exposure in
2006 were related to incident SP in 2008. All analyses
were performed using STATA, release 12 (StataCorp LP,
College Station, TX, USA) with the “pwcorr’, “regress”,
“logit”, “xtmelogit”, and “xtmixed” procedures.

The ethics committee of the Lille Centre Hospitalier
Régional Universitaire (CHRU) approved the ORSOSA
study. All the participants gave their written consent.
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Results

Among the 1896 (1172 RN and 724 NA) workers initially
eligible, 95% were included in primary analyses (1119
RN and 682 NA). Baseline characteristics are presented
in table 1. Eight workers were excluded due to missing
data on incident SP in 2008 and 87 (49 RN and 38 NA)
because of missing data on either confounding factors or
exposure variables in 2006. No significant differences
were found between workers included in analyses and
those excluded (N=95) based on age, working time,
work schedule, lifestyle, BMI and work-related expo-
sures. However, compared to included RN, excluded
RN worked mostly in emergency/ICU work units and
reported lower physical exertion. Similarly, compared to
their included counterparts, excluded NA reported higher
level of constraint related to indirect patient handling
activities (data not shown). Between 2006 and 2008, 168
RN and 144 NA reported incident SP. This corresponds to
incidences rate of about 14.3% and 19.9%, respectively,
for the studied period (two years).

Among the analyzed sample, there were only weak
linear correlations (r<0.30) between the continuous
scores of work-related exposures in 2006 as it is shown
in table 2. No crude effects (ie, not adjusted for other
work-related exposures) were found linking work-unit-
level psychosocial and organizational constraints and
incident SP (data not shown). First, in order to test the
independent longitudinal effects of work-related expo-
sures on workers’ incident SP at two years, we built
two logistical regression models, one per occupation,
both adjusted for job and individual characteristics.
These models, presented in table 3, show that there
were no direct effects of work-unit-level psychosocial
and organizational environment on workers’ incident
SP after two years among both RN and NA. Among
RN, incident SP was predicted by high constraints
related to movements and postures adopted during the
work activities, and perceived lack of job security and
stability. Conversely, among NA, low incident SP was
predicted by high constraints related to direct patient
handling activities.

Second, we tested the effect of the work-unit-level
psychosocial and organizational environment on work
tasks-related biomechanical exposures and workers’ per-
ceived work environment through both cross-sectional
(exposure and outcome in 2006) and longitudinal (expo-
sure in 2006 and outcome in 2008) multivariate regres-
sion models. Among RN, table 4 presents the models
linking the work-unit-level environment to the scores
of biomechanical constraints related to movements and
postures, after adjustment for work-unit specialty, work
schedule, working time, and age. The cross-sectional
analysis shows that the lower the staff adequacy, the
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Table 1. Baseline characteristics of the 1801 workers included in analyses. [SD=standard deviation; NWI-EO=work-unit-level psychosocial
and organisational environment]

Workers and Registered nurse Nursing assistant
position characteristics (N=1119) (N=682)
Mean SD N % Mean SD N %
Age 36 91 40 9.2
Age (tertile)
T1 (<33 years) 524 47 176 26
T2 (<33-43 years) 337 30 221 32
T3 (<44 years) 258 23 285 42
Work unit speciality
Intensive care units (ICU) 443 40 210 31
Medicine 344 31 250 37
Surgery 332 30 222 33
Working schedule
Day only 464 41 467 68
Alternate day-night or night only 655 59 215 32
Working time
Partial 271 24 140 21
Full 848 76 542 79
Leisure-time physical activity
<1 hour/week 457 41 387 57
>1 hour/week 662 59 295 43
Tobacco consumption
No 830 74 460 67
Yes 289 26 222 33
Body mass index
Normal 831 74 445 65
Underweight 87 8 53 8
Overweight 143 13 131 19
Obese 58 5 53 8

Work-unit-level psychosocial and organizational

environment (NWI-EO) (0-15 scale)
Support from nursing management staff 7 2.3 6 2.0
Adequate staffing 9 2.4
Organization encouraging the exchange of 7 1.3 6 1.3
information regarding patient care
Interruptions during nursing tasks 1 15
Relationships with hierarchical superiors within 6 1.3 5 1.7
the healthcare team
Ability to take holidays or paid leave 7 1.8 7 1.7

Biomechanical constraints (worker level)
Low physical exertion at work 599 54 228 33
High physical exertion at work 520 46 454 67
Low constraints in direct patient handling 1068 95 546 80
High constraints in direct patient handling 51 5 136 20
Low constraints in indirect patient handling 1069 96 636 93
High constraints in indirect patient handling 50 4 46 7
Low constraints in movements and postures 990 88 529 78
High constraints in movements and postures 129 12 153 22

Effort-reward perception (worker level)
Perceived effort (5-25 scale) 18 4.2 16 43
Perceived esteem and respect (5—25 scale) 7 2.7 7 2.4
Perfe)ived career opportunity and salary (4-20 8 23 7 2.4
scale

Perceived job security and stability (210 scale) 3 1.4 3 1.6
Low overcommitment 695 62 488 72
High overcommitment 424 38 194 28

©
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Table 2. Pairwise correlation coefficients between continuous scores of work-related exposure among the analyzed sample (N=1801). All cor-
relation coefficients are statistically significant except those in bold. [NWI-EQ=work-unit-level psychosocial and organizational environment]

Pairwise correlations among registered nurses (N=1119)

Pairwise correlations among nursing assistants (N=682)

1 2 3 4 5 6 7 8

9 10 1 2 3 4 5 6 7 8 9

NWI-EQ

Support from nursing 1.000
management staff

Adequate staffing 0.294 1.000

Organization 0.381 0.501 1.000
encouraging the ex-

change of information

regarding patient care

Interruptions during  0.200 0.456 0.529 1.000
nursing tasks
Relationships with
hierarchical superiors
within the healthcare
team

Ability to take
holidays or paid leave

Effort-reward
imbalance
Perceived effort
Perceived esteem
and respect
Perceived career
opportunity and
salary
Perceived job
security and stability

0.179 0.347 0.330 0.254 1.000

0.452 0.330 0.361 0.159 0.134 1.000

0.137 0.328 0.347 0.385 0.145 0.118 1.000

0.245 0.105 0.166 0.093 0.190 0.102 0.216 1.000
0.094 0.001 0.134 0.057 0.067 0.030 0.197 0.326 1.000

1.000

0.208 1.000
0.483 0.487 1.000

0.192 0.141 0.166 1.000
0.356 0.401 0.438 0.115 1.000

0.099 0.288 0.208 -0.019 0.184 1.000

0.266 0.083 0.138 0.063 0.182 0.172 1.000
0.127 0.062 0.135 -0.005 0.093 0.207 0.339 1.000

0.060 0.106 0.097 0.076 0.115 0.331 0.164 0.158 1.000

0.068 0.069 0.090 0.061 0.112 0.045 0.233 0.231 0.179 1.000

higher the scores of biomechanical constraints related
to movements and postures. The longitudinal analysis
shows that the poorer the relationship with the hierar-
chical superior on the healthcare team, the higher the
score of biomechanical constraints related to movements
and postures. Table 5 presents the models linking the
work-unit-level psychosocial and organizational work
environment to the individual perception of a lack of
job security and stability at work, independently of
work-task-related biomechanical exposure and after
adjustment for confounders. The cross sectional analysis
shows that the poorer the quality of the relationship with
the hierarchical superior on the healthcare team, the
higher the perceived lack of job stability and security at
work. The longitudinal analysis shows that the lower the
staff adequacy, the lower the perceived lack of job stabil-
ity and security at work, which may be translated by an
increase in the feeling of being essential among workers
and, thus, an increased feeling of security. Among NA,
table 6 presents the models built to study the effects of
the work-unit-level psychosocial and organizational
environment on the scores of biomechanical constraints
related to direct patients handling after adjustment for
confounders. In both the cross-sectional and longitudinal
analyses, we showed that that lower the staff adequacy,
the higher the score of constraints related to direct
patient handling.

Discussion

Our study suggests that the work-unit-level psychosocial
and organizational environment did not directly influ-
ence workers’ incident SP after two years, but acted as
a fundamental determinant of both work-task-related
biomechanical exposure and individual perceptions
of effort and reward at work. Workers in work units
with understaffing issues or poor relationships reported
higher levels of biomechanical constraints in movements
and postures among RN and indirect patient-handling
activities among NA, and a lower level of perceived job
security and stability among RN. The cross-sectional
analyses showed that work-unit-level understaffing
issues were linked to higher level of biomechanical
constraints among both RN and NA, and that work-unit-
level relationship issues with the hierarchy were linked
to higher perceived lack of job stability and security at
work among RN. Longitudinal analyses showed that
work-unit-level understaffing issues predicted higher
levels of perceived lack of security and stability among
RN and higher levels of biomechanical constraints
among NA, and that work-unit-level relationship issues
with the hierarchy predicted higher levels of biome-
chanical constraints among RN.

The main limitation of the present study is the attri-
tion, inherent to cohort studies, which constrained us
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Table 3. Shoulder pain in 2008 in relation to exposures in 2006,
that is, work-unit-level psychosocial and organizational environ-
ment (NWI-EO), biomechanical constraints, and individual per-
ception of effort-reward imbalance at work. Logistic multivariate
regression models stratified by occupation and adjusted for age,
body mass index, work unit speciality, working time, work sched-
ule, leisure-time physical activity, and tobacco consumption.
[RN=registered nurse; NA=nursing assistant; OR=o0dds ratio; 95%
Cl=95% confidence interval].

Model 1.1 Model 2.1
RN (N=1119) NA (N=682)

OR 95%Cl OR 95%Cl

NWI-EQ

Support from nursing manage- 1.02 0.94-1.12 1.04 0.91-1.18
ment staff

Adequate staffing 0.98 0.90-1.07 0.98 0.89-1.08
Organization encouraging the 1.12 0.96-1.31 0.97 0.78-1.21
exchange of information

regarding patient care

Interruptions during nursing tasks 0.90 0.77-1.05 . .
Relationships with hierarchical 1.15 0.95-1.38 1.05 0.93-1.17
superiors within the healthcare

team

Ability to take holidays or paid 0.94 0.83-1.05 0.94 0.80-1.11
leave

Biomechanical constraints

(worker level)

Low physical exertion at work 1 1

High physical exertion at work 1.12 0.77-1.64 1.00 0.62-1.61
Low constraints in direct 1 1

patient handling

High constraints in direct 0.85 0.34-2.12 0.50 0.27-0.94*
patient handling

Low constraints in indirect 1 1

patient handling

High constraints in indirect 1.07 0.39-2.93 1.60 0.72-3.55
patient handling

Low constraints in movements 1 1

and postures
High constraints in movements 1.61 1.05-2.4521.46 0.92-2.33
and postures

Effort-reward imbalance
(worker level)

Perceived effort 1.05 1.00-1.1121.06 1.00-1.122
Perceived lack of esteem 0.97 0.90-1.05 0.92 0.81-1.03
and respect

Perceived lack of career 1.04 0.96-1.13 1.03 0.94-1.13

opportunity and salary
Perceived lack of job security 1.15 1.02-1.2921.04 0.91-1.18

and stability
Low overcommitment 1 1
High overcommitment 0.95 0.63-1.43 1.26 0.76-2.08

20.05>P-value>0.01.

to focus on workers who stayed in the study and did
not change work unit or position during the follow-up
(N=1896) therefore excluding the others (N=1019). This
may lead to both possible healthy worker and survivor
effects (35). However, the possible bias is limited, since
we found only a few statistically significant differences
at inclusion between the analyzed sample (N=1801) and
the whole female sample initially free of shoulder pain,
which was followed in the ORSOSA study (N=2915).
In the studied sample, workers were older. RN worked
slightly less full-time than NA, while NA worked less
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Table 4. Constraints in movements and postures in 2006 (cross-
sectional analysis) and 2008 (longitudinal analysis) in relation
with work-unit-level psychosocial and organizational environment
(NWI-EQ) among registered nurses in 2006. Models adjusted
for work unit speciality, work schedule, working time, and age.
[OR=0dds ratios; 95% CI=95% confidence interval]

Constraints in Constraints in

movements and movements and
postures in 2006 postures in 2008

Model 1.2 Model 1.3
(N=1119) (N=1112)
OR  95%Cl OR 95%Cl
Support from nursing 1.02 0.92-1.14 1.02 0.94-1.11
management staff
Adequate staffing 1.09 1.01-1.1921.02 0.92-1.12
Organization encouraging the 0.99 0.79-1.23 1.03 0.86-1.24

exchange of information

regarding patient care

Interruptions during nursing tasks  1.16 0.96-1.39 1.14 0.99-1.30
Relationships with hierarchical 0.97 0.80-1.18 1.21 1.01-1.44=
superiors within the healthcare team

Ability to take holidays or paid leave 0.96 0.85-1.08 0.96 0.86-1.08

2 P-value<0.01.

in alternate night/days or night-only shifts and reported
fewer constraints related to patient direct handling.

In addition, the use of a Nordic-style self-reported
questionnaire can be useful for epidemiologic surveil-
lance, but a physical examination remains essential
in order to formally diagnose MSD (19). This study
focused on information about pain during the last seven
days only, which may limit the results’ interpretation
regarding the known fluctuating nature of muscle pain
(although we restrict the study to shoulder pain that
persisted >4 days or that was aggravated during the
abduction of the arm).

Nevertheless, the present study has several strengths.
We did not restrict our study to the direct longitudi-
nal effects of work-unit-level work environment on
workers’ incident SP, independent of individual-level
exposures. We also tested the relationships linking
the work-unit-level psychosocial and organizational
environment to work-task-related biomechanical expo-
sures and individual perceptions of effort and reward at
work. In making both cross-sectional and longitudinal
analyses, we explored different time-lags for the effect
of the work-unit-level environment. Moreover we used
aggregated measures to describe the work-unit-level
environment, as Aiken & Hage (36) did when showing
that employees in complex organizations can serve as
reliable and valid informants concerning the presence
of organizational traits. In contrast with studies that
focused on work-stress models, such as Karasek’s or
Siegrist’s models (37, 38), we also used the NWI-EO, a
validated tool developed specifically for hospitals set-
ting to help the improvement of the work environment
(16). Our analyses are based on robust methods for the



Table 5. Perceived lack of job security in 2006 (cross-sectional
analysis) and 2008 (longitudinal analysis) in relation to work-
unit-level psychosocial and organizational environment (NWI-EQ)
and biomechanical constraints among registered nurses in 2006
Linear multivariate regression models adjusted for work unit
speciality, work schedule, working time and age. [RC=regression
coefficient; 95% Cl=95% confidence interval]

Lamy et al

Table 6. Constraints in direct patient handling in 2006 (cross-
sectional analysis) and 2008 (longitudinal analysis) in relation
to work-unit-level psychosocial and organizational environment
(NWI-EQ) among nursing assistants in 2006. Logistic multivari-
ate regression models adjusted for work unit speciality, work
schedule, working time and age. [OR=0dds ratio; 95% Cl=95%
confidence interval]

Perceived lack of  Perceived lack of
job stability and  job stability and
security in 2006  security in 2008

Model 1.4 Model 1.5
(N=1119) (N=1114)

RC  95%Cl RC  95%Cl

NWI-EO
Support from nursing
management staff
Adequate staffing
Organisation encouraging
the exchange of information
regarding patient care
Interruptions during
nursing tasks
Relationships with
hierarchical superiors within
the healthcare team
Ability to take holidays or
paid leave
Biomechanical constraints
(worker level)
Low physical exertion at work ~ 1.00 1.00
High physical exertion at work ~ 0.08 -0.10-0.26 -0.04 -0.22-0.14
Low constraints in 1.00 1.00
direct patient handling
High constraints in
direct patient handling

0.02 -0.02-0.06 0.03 -0.01-0.07
0.01 -0.05-0.04 -0.05 -0.09--0.012
0.03 -0.04-0.11 0.04 -0.06-0.14

0.02 -0.05-0.08 0.04 -0.04-0.11

0.07 0.01-0.13# 0.02 -0.05-0.09

0.02 -0.02-0.06 0.01 -0.04-0.07

0.07 -0.43-0.57 0.053 -0.05-1.11

Low constraints in 1.00 1.00

indirect patient handling

High constraints in -0.05 -0.52-0.41 -0.06 -0.57-0.44
indirect patient handling

Low constraints in 1.00 1.00

movements and postures
High constraints in
movements and postures

2 P-value<0.01.

0.16 -0.14-0.47 0.29 -0.06-0.63

standard errors and the confidence interval estimations
using a sample of 62% of all the female RN and NA free
of shoulder pain on inclusion in the ORSOSA cohort.
Work-related MSD of the neck and shoulders are com-
mon among nursing personnel (8). Moreover, shoulder
musculoskeletal symptoms are of major concern among
nurses as they affect work activities and sleep quality
with a dose-response relationship (39). Thus, in a recent
systematic literature review of interventions that aim to
reduce musculoskeletal symptoms in the healthcare sec-
tor, the authors recommended as “practice to consider”
interventions that combine actions to change the work
organization with actions to alter the work environment
and workers’ training. However, the authors consider that
there is an insufficient level of evidence given the few
high quality studies on this subject (40). Such studies
require a better understanding of the mechanisms behind

Constraints
in direct patient
handling in 2008

Constraints
in direct patient
handling in 2006

Model 2.2 Model 2.3
(N=682) (N=676)
OR  95%Cl OR 95% Cl

Support from nursing 0.89 0.79-1.01 0.90 0.79-1.03
management staff
Adequate staffing 1.18 1.08-1.30® 1.24 1.11-1.39¢
Organisation encouraging 1.07 0.85-1.34 1.18 0.94-1.48
the exchange of information
regarding patient care
Relationships with hierarchical 1.04 0.92-1.17 111  0.98-1.25
superiors within the healthcare
team
Ability to take holidays or 0.94 0.82-1.08 097 0.84-1.13
paid leave

2 P-value<0.001.

the role of the psychosocial and organizational context
in the development of MSD. In 2012, Eatough et al (41)
tested a model linking the psychosocial work environ-
ment to MSD through strain at work seen as individuals’
maladaptive responses to environmental demands or
stressors. Regarding shoulder symptoms, they showed
that the relationships between safety-specific leadership
and lower symptoms were fully mediated by strain, where
safety-specific leadership referred to the extent to which
the supervisors set safety-specific goals for staff rewarded
safety-related behaviors, and coached employees to per-
form job tasks safely. However, this model was validated
on cross-sectional data and the authors only focused on
the more distal part of the causal chain linking work-
related exposure to workers’ MSD (41). In our study, we
focused on a more proximal part of the causal chain. We
considered the work-unit-level psychosocial and orga-
nizational environment as the primary exposure in our
analyses. In our approach, mediated pathways may link
the work-unit-level environment to incident SP through
work tasks-related constraints and individual perceptions
of effort and reward at work.

The time lag (two years) for the direct effects of
the work-unit-level psychosocial and organizational
environment was in line with those found in many lon-
gitudinal studies exploring the relationships between
psychosocial factors and MSD among healthcare work-
ers which ranged from 1-3 years in a recent meta-anal-
ysis published on this topic (5). However, the studies
reviewed in this work assessed psychosocial stressors
at the worker level. In contrast, we studied psychoso-
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cial and organizational stressors at the work-unit level,
which may require longer time-lags to reveal “visible”
direct effects on MSD. This may explain why we did not
find crude or direct effects of the work-unit-level psy-
chosocial and organizational environment. In our study,
working in work units with relationships or understaft-
ing issues affected incident SP only through their effect
on biomechanical constraints related to work tasks and
individual perceptions of effort and reward at work.
However, we found that the work-unit-level character-
istics had an effect on worker-related constraints, which
is consistent with the literature on healthcare workers.
Indeed, a recent cross-sectional study showed that work-
unit-level understaffing issues were associated with
higher MSD among hospital care workers even after
adjustment for physical work but not after adjustment
for worker-level psychosocial factors (12).

Concluding remarks

This study highlights the complexity of the relation-
ships linking the work-unit-level psychosocial and
organizational work environment to incident SP among
hospital patient care workers. Results showed that work-
unit-level understaffing and relationship issues with
the hierarchy on the healthcare team may influence
work-related risk factors of incident SP among workers
after two years. Our results showed that, in a hospital
setting, the work-unit-level psychosocial and organi-
zational environment may be seen as a determinant of
working conditions by influencing both task-related
biomechanical constraints and individual perceptions of
the psychosocial environment. We argue that preventive
interventions should consider and integrate psycho-
social, biomechanical, and organizational factors. As
such, epidemiological studies should include ergonomic
observations in order to improve our understanding of
the relationship linking work-related constraints to MSD
and facilitate interventions to improve workers’ health.
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