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A framework for studying risk factors for lower extremity musculoskeletal
discomfort in nurses

Jing Lia, Carolyn M. Sommericha,b, Esther Chippsc, Steven A. Lavendera,b and Elizabeth A. Stasnyd

aDepartment of Integrated Systems Engineering, College of Engineering, The Ohio State University, Columbus, OH, USA; bCollege of
Medicine, The Ohio State University, Columbus, OH, USA; cCollege of Nursing, The Ohio State University, Columbus, OH, USA;
dDepartment of Statistics, College of Arts and Sciences, The Ohio State University, Columbus, OH, USA

ABSTRACT
Lower extremity musculoskeletal discomfort (MSD) is prevalent, but understudied, in nurses. A
comprehensive, theoretical, aetiological model of lower extremity work-related MSD in hospital
in-patient staff nurses was developed through a review of the literature to provide a framework
for aetiological and intervention research. The framework informed the design of a survey of
502 hospital staff nurses. Symptom prevalence ranged from 32% in hip/thigh to 59% in ankle/
foot regions. Logistic regression modelling using survey data showed that different work and
personal factors were associated with discomfort in different regions of the lower extremity.
Individual factors (e.g. older age, higher BMI or having any foot condition), physical factors (e.g.
higher frequency of patient handling), psychosocial factors (e.g. lower job satisfaction) were
associated with discomfort in one or more parts of the lower extremity. Future research should
target these factors for intervention, to attempt to reduce occurrence of lower extremity dis-
comfort in nurses.

Practitioner Summary: Practitioners may find useful the illustrated, theoretical aetiological
model of factors that could influence the prevalence of lower extremity discomfort in nurses.
The model could guide conversations with nurses and observational analyses of nursing work.
The model and survey results may provide ideas for intervention exploration.

Abbreviations: MSD: musculoskeletal discomfort; BMI: body mass index; MSK: musculoskeletal;
ICU: intensive care unit; NLERF: nurses’ lower extremity MSD risk factor; NASA-TLX: NASA-task
load index
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Introduction

Due to elevated incidence over the years, low back
pain and upper extremity musculoskeletal (MSK) symp-
toms in nurses have been topics of great interest for
occupational health researchers (Alexopoulos et al.
2011; Cheung et al. 2006; Engels et al. 1996; Stubbs
et al. 1983). Davis and Kotowski’s (2015) review of
MSK disorder prevalence in nurses included 123 stud-
ies investigating back pain. Many administrative and
engineering controls have been developed to reduce
injuries to the back and shoulders caused by patient
handling tasks (Nelson et al. 2006; Reme et al. 2012).
Far fewer studies of nurses report on symptoms in
other body regions, for example, lower extremity
regions, including knee, ankle and foot (Cameron et al.

2008; Fochsen et al. 2006). That said, Stolt et al. (2016)
examined 35 studies from around the world (US,
Europe, Asia, the Middle East, Africa, New Zealand and
Australia), that focussed on lower extremity MSK disor-
ders in nurses; a wide range of symptom prevalence
was reported in those studies, from less
than 10–100%.

Given our limited understanding and wide range of
prevalence reports of lower extremity symptoms in
nurses, there appears to be an opportunity to contrib-
ute to the knowledge base with additional research
focussed on work-related and individual risk factors
for symptoms in specific areas of the lower extremity,
as well as intervention factors to reduce symptoms.
Further, an ecological model could be useful in
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guiding this future research. Researchers have pro-
vided models at various levels of detail and targeting
specific parts of the body to guide research into MSK
symptom development (Armstrong et al. 1993; Barr
and Barbe 2002; Bongers et al. 1993; National
Academy of Sciences, Panel on Musculoskeletal
Disorders and the Workplace Commission on
Behavioral and Social Sciences and Education 2001).
While Garcia, Graf, and Laubli (2017) developed a
multi-factor statistical model for lower limb pain in a
general working population, there do not appear to
be any models specifically developed to guide lower
extremity MSK symptom research in nurses.

Therefore, the aims of this study were to (1)
develop a conceptual model of exposure factors
related to lower extremity MSK symptoms in nurses,
based on the existing literature; (2) use the model to
inform the collection of data on region-specific lower
extremity symptoms and associated work-related and
individual exposure factors in a cohort of hospital floor
nurses in the USA; and (3) use statistical modelling to
investigate the strength of the associations between
model-informed exposure factors and symptom data.

Conceptual model

Risk factors associated with work-related MSK symp-
toms are generally categorised as physical, psycho-
social, work organisational and individual (personal).
Risk factors that may affect a nurse’s lower extremity
MSK system are also likely to fall into these categories.

Physical factors
Nurses, especially those who perform bedside nurs-
ing care, spend much of their time standing and
walking. Welton et al. (2006) reported that registered
nurses in hospital adult medical-surgical units walked
almost 9000 steps during a 12-h shift. In studies
involving participants from the general population or
other occupations, significant associations were
found between lower extremity MSK disorders (plan-
tar fasciitis and varicose veins) or lower extremity
symptoms and standing or walking for significant
portions of a day (Riddle et al. 2003; Roelen et al.
2008). Stair climbing is a reported source of knee
strain in general populations (Allen et al. 2010; Lau
et al. 2000).

Studies have shown that patient handling tasks are
associated with lower back pain and knee pain, due to
the mechanical loads on the lower back and the knees
experienced during those tasks (Daraiseh et al. 2003;
Warming et al. 2009). In other occupations (farming

and construction), hip osteoarthritis has also been
associated with long term exposure to heavy lifting
(Jensen 2008). Awkward postures that occur during
nursing work, such as squatting, kneeling or stooping,
can also put excessive loading on knees. The literature
shows strong evidence of an association between
knee MSK disorders, especially knee osteoarthritis and
occupational exposures to kneeling and squatting in
farming workers and construction workers (Fransen
et al. 2011). However, this association has not been
explored in nursing populations.

Psychosocial factors
Psychosocial risk factors, such as high work demand,
little control over work and stress, have been found to
be associated with MSK disorders of the back and
upper extremity, in nurses and other work populations
(Bongers et al. 2006; Warming et al. 2009). However,
mixed results have been reported regarding links
between psychosocial risk factors and lower extremity
MSK disorders. No significant association was found
between knee complaints and psychosocial factors
(stress, supervisor support and work demand) in
nurses (Lagerstr€om et al. 1995; Warming et al. 2009)
while in other studies leg complaints were positively
associated with perceived work pressure in nurses
(Engels et al. 1996) and lower extremity disorders
were found to be associated with low job control in
carpenters (Lemasters et al. 1998). Other psychosocial
factors that are relevant to nurses’ work include inter-
actions with patients and visitors, time pressure, co-
worker support and job satisfaction (Daraiseh
et al. 2003).

Work information
Work information includes work experience (as a nurse
or other patient care work), work space design (any
particular work space design that could impact the
physical factors, such as patient bed, lifting aids
(Pheasant and Ergs 1987), flooring (Cham and Redfern
2001), nursing unit layout (Cohen et al. 2004; Fay et al.
2017)), as well as work organisation factors (Koehoorn
et al. 2006). Shift work, particularly shifts that occur
outside of a traditional 8-h daytime schedule, can
have adverse health effects on nursing personnel,
both physically and psychologically (He 2013; Samaha
et al. 2007). Cameron et al. (2008) found that shift
length, shift type and resulting sleep quality were sig-
nificantly correlated with pain or discomfort in the
lower extremities of older nurses. Cohen et al. (2004)
found that workload measures (including self-percep-
tions of workload and objective assessments of
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number of tasks and staffing ratio) were correlated to
MSK injury rates in care aides and licenced prac-
tical nurses.

Individual factors
Nurses who were obese or morbidly obese were more
likely to have foot/ankle MSK symptoms that limited
their activity, when compared with nurses who were
underweight or had normal BMI (odds ratio 4.43; Reed
et al. 2014). Obesity has also been identified as a pri-
mary risk factor for knee osteoarthritis (Kulkarni et al.
2016). Other individual factors could potentially affect
the nurse’s lower extremity health, including age, gen-
der, previous injury, health status (overall and foot/leg
health), footwear choice (including inserts and com-
pression stocking; Chiu and Wang 2007; Kurup, Clark,
and Dega 2012), and personal habits/behaviours and
responsibilities (smoking, sleeping pattern, other phys-
ical activities other side work, such as housework,
exercise/workout, physical care for children or others;
Samaha et al. 2007).

The information presented above is a succinct sum-
mary of the extensive literature review performed for this
study on four primary categories of risk factors. Through
that literature review, we learned that some risk factors
for lower extremity symptoms have been studied specif-
ically in nurses, but may not have been examined for
their effects in specific regions of the lower extremity or
that findings for some factors have been mixed (e.g. psy-
chosocial factors). Further, some factors found to pose
problems for the lower extremity in other occupations or
the general public have not been studied in nurses (e.g.
awkward postures). And, finally, some factors studied in
nurses and associated with MSK symptoms in other parts
of the body have not been examined for associations
with lower extremity symptoms (e.g. patient handling).
Based on this extensive but incomplete knowledge and a
desire to fill some of these knowledge gaps, a concep-
tual, aetiological model of development of lower extrem-
ity work-related MSK symptoms and disorders in hospital
inpatient staff nurses was developed (Figure 1). It stems
from the existing literature and provides a framework for
future research.

Figure 1. Nurses’ lower extremity MSD risk factor (NLERF) model.
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Workstyle
An additional factor not widely examined in the lower
extremity MSK literature or nursing literature but
included in this theoretical model is ‘workstyle’.
Workstyle describes a worker’s response to the
demands of his/her work (Feuerstein 1996). Among a
range of responses, high levels of reactivity to work
demands (high workstyle) may manifest in not taking
breaks, working while in pain, and/or working in awk-
ward postures. Workstyle has been shown to be pre-
dictive of upper extremity pain and functional
limitations in computer users (Nicholas, Feuerstein,
and Suchday 2005). Workstyle scores were found to
be higher in nursing assistants who reported experi-
encing work-related MSK symptoms in various body
parts, including parts of the lower extremity, in com-
parison to nursing assistants who did not report symp-
toms (Cheung, Ching, et al. 2018; Cheung, Szeto, et al.
2018). Given these results in nursing assistants, work-
style was also included in the new conceptual model.

Health outcomes
Studies of nurses have reported pain and discomfort
in lower extremity regions, including knee, ankle and
foot (Cameron et al. 2008; Fochsen et al. 2006; Stolt
et al. 2016). Cameron et al. (2008) reported more than
40% of nurses participating in their study experienced
leg/foot pain that interfered ‘somewhat, quite a lot, or
a great deal’ with their ability to work. The cost of
musculoskeletal discomfort (MSD), in terms of extent
of impairment, disability and interference with activ-
ities on or off the job has been viewed as an import-
ant outcome for many years (Kuorinka et al. 1987;
National Academy of Sciences, Panel on
Musculoskeletal Disorders and the Workplace
Commission on Behavioral and Social Sciences and
Education 2001).

Coping strategies
Another type of outcome of MSD symptoms would be
coping strategies used in response to discomfort/pain.
Strategies reported to be used by nurses include self-
treatment, over-the-counter medication, seeking treat-
ment from a physician or physiotherapist and taking
days off (Cameron et al. 2008; Alexopoulos
et al. 2011).

In the Nurses’ Lower Extremity Musculoskeletal
Discomfort Risk Factor (NLERF) Model (Figure 1), the
hypothesised influential factors are grouped in four
categories: physical factors, work organisation, psycho-
social factors and individual (personal) factors. These
factors could potentially influence the nurses’

workstyle by behavioural, cognitive and physiological
means, and these interacting factors could influence
health outcomes. The MSK symptoms and disorders
might interfere with an individual’s activities at work
and outside of work, and different individuals might
have different strategies to cope with those outcomes.
Changes in workstyle, lower extremity health, as well
as the coping strategies would, in turn, affect some of
the risk factors.

Using the model as a framework, data were col-
lected via a cross-sectional survey that assessed the
prevalence of lower extremity problems in acute care
hospital staff nurses and gathered data on a wide
range of potential risk factors. In particular, the rela-
tionships between lower extremity discomfort and
various potential risk factors including physical factors,
work organisational factors, psychosocial factors, work-
space design factors and individual factors were
explored. The study was approved by the Institutional
Review Board of the authors’ university.

Methods

Participants

A total of 766 staff nurses from 19 inpatient nursing
units in several hospitals in the Midwestern region of
the USA were contacted during the recruiting process.
A convenience sampling method was used. Efforts
were made to include nurses representing different
types of units (medical/surgical, intensive care unit
(ICU), etc.).

Nurse lower extremity discomfort questionnaire

The questionnaire developed for this study was struc-
tured based on the NLERF Model. Subject-matter
expert interviews were conducted with four nursing
PhD students and one nursing researcher to help
refine the questionnaire. These nursing students all
had nursing experience, and some of them were also
full-time practicing staff nurses or nurse practitioners.
The nursing students were asked to ‘read out loud’
each question and all the response choice options,
and explain how they would interpret those questions.
The content and wording of the questions and
response options were adjusted based on these
nurses’ input. The interview with the nursing
researcher was focussed on the appearance of the
questionnaire (usability), such as the formatting and
structure. The questionnaire was adjusted based on
the nursing researcher’s input. Pilot testing of the
questionnaire was conducted with two practicing
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nurses. The focus was to determine the length of time
that a nurse would require for completing the survey.

The questionnaire included nine sections: work
organisation, health status and history (including MSD,
as well as systemic problems; coping strategies), indi-
vidual factors, organisational factors, physical factors,
psychosocial factors, workspace design and demo-
graphic information. Portions of existing validated sur-
veys were adopted from the literature where possible,
primarily for psychosocial factors and outcomes; new
questions were developed where necessary. Existing
surveys used included: NASA TLX workload scale (Hart
and Staveland 1988); for psychosocial factors the sur-
vey included a work pressure scale (Carayon 1994;
Faucett and Rempel 1994; Sainfort 1990; items were
adjusted based on nursing work; included a new item
on ability to mentally relax after work), job control
scale (Haims 1999; Greenberger 1982; Hurrell and
McLaney 1988; McLaney and Hurrell 1988), supervisor
support scale (Caplan et al. 1975), co-worker support
scale (Caplan et al. 1975; included new item on avail-
ability of co-worker assistance), one item on inter-
action with difficult patient/family (Sommerich 2004;
this item has been adjusted based on nursing work),
quantitative workload scale to assess time pressure
(Quinn et al. 1971), facet free job satisfaction scale
(Quinn et al. 1971); modified Nordic MSK question-
naire (Kuorinka et al. 1987) for MSK health outcomes
and coping strategies.

Statistical analysis

Microsoft Excel, Statistical Analysis System (SAS, Cary,
NC), and STATA Data Analysis and Statistical Software
(College Station, TX) were used to conduct the statis-
tical analyses. Logistic regression modelling (Hosmer,
Lemeshow, and Sturdivant 2013) was conducted to
estimate the relationship between potential risk fac-
tors and the MSK health condition of interest, which
was the prevalence of lower extremity body part dis-
comfort that interfered with normal activities (on the
job or off). In preparation for the logistic regression
modelling, the first step was to review the data, and
for some variables, it was necessary to collapse some
of the response categories due to the small number of
responses in some categories. Separate models were
created for the hip/thigh, knee and foot/ankle regions.
Subjects with missing data were only excluded from
the body part model for which data were missing. The
modelling process was similar to that used by
Roquelaure et al. (2009). The following steps were

performed in the construction of the logistic regres-
sion models for each lower extremity region:

� Step 1: A univariate logistic regression model was
run for each independent variable. Any independ-
ent variable not determined to be statistically sig-
nificant (WALD test p-value >.20) was excluded
from further analysis. If there were more than two
levels for a categorical variable, the p-value of each
individual level was considered and the variable
was included if the p-value of any individual level
was below .20.

� Step 2: Each of the remaining independent varia-
bles was grouped into one of four categories
(Demographic and Individual factors, Work
Organisation factors, Physical factors and
Psychosocial factors). For each category, backward
selection multivariate logistic regression was used
to select statistically significant variables within the
category. Non-significant variables (p-value >.10)
were excluded from further analysis. Age and
Gender were forced into every model because they
are potential confounders (Greenland, Daniel, and
Pearce 2016). Then, multivariate logistic regression
was used to construct a model with the remaining
variables in the four categories. Variables that were
not statistically significant (p-value >.10) were
excluded from the final model. For each final
model, coefficients, odds ratio point estimates and
confidence intervals were calculated.

Prior to performing the logistic regression model-
ling, Cronbach’s alpha was calculated for the psycho-
social scales from the questionnaire to confirm their
performance in this group of respondents: NASA TLX
workload (0.6462), work pressure (0.7930), job control
(0.7738), supervisor support (0.9006), co-worker sup-
port (0.8773), quantitative workload (0.8349) and facet
free job satisfaction (0.8204).

Results

Participant demographics

Out of the 766 nurses contacted, four declined to par-
ticipate in the study during the recruiting process,
thus, 762 surveys were distributed. A total of 512 sur-
veys were collected. After examining the collected sur-
veys, 10 were excluded for being incomplete, for the
respondent not being an inpatient staff nurse, or for
the respondent working multiple nursing jobs (the
survey was not designed to capture exposure to mul-
tiple employment situations). A total of 502 returned
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surveys were used for the analysis, providing a
response rate of 66%.

Eighty-four percent of respondents were female
(n¼ 424), 15% were male (n¼ 74) and four did not
provide information about gender. The percentage of
males in the study was higher than in the U.S. nursing
population (7% male) as assessed via a national survey
conducted in 2013 (Budden et al. 2013). The mean
age of the respondents was 36.4 years. Compared
with the national nursing population, the average age
of the participants in this study is younger (50 vs.
36.4 years; Budden et al. 2013). The mean BMI for the
group of respondents was 27.4. This is similar to a sur-
vey of nurses in the U.S. conducted in 2007 (27.2;
Miller, Alpert, and Cross 2008), and is slightly less than
the U.S. national population means for adult females
and males (29.2 and 28.7, respectively) reported by
Fryar, Gu, and Ogden (2012).

Prevalence of lower extremity discomfort

Percentages of respondents that experienced any dis-
comfort in the last 12 months, the frequency of expe-
riencing that discomfort, and the percentages of
respondents whose discomfort interfered with activ-
ities on or off the job are shown in Table 1 for the
hip/thigh, knee, and ankle/foot regions of the lower
extremity. In spite of survey pilot testing, some of the
study respondents inadvertently overlooked the set of
questions regarding lower extremity discomfort, thus
the numbers of respondents in Table 1 are smaller
than the overall number of survey respondents.

Model building results

Basic summary statistics of the independent variables
found to be significant during the univariate logistic
regression process are provided in Table 2. The results
of the model building for hip/thigh, knee and ankle/
foot are shown in Tables 3–8.

Hip/thigh discomfort modelling
In the univariate analysis (Table 3), age, BMI, having
sciatic nerve pain, use of shoe inserts and more years
of nursing experience were associated with hip/thigh
discomfort (p< .05). Other variables retained for

further analysis included smoking status (ever a
smoker), frequency of exercise, having a foot condi-
tion, bending forward more frequently, using patient
handling device (lifting aids) less often, lower per-
ceived workload and lower perceived job control
(p< .20). As shown in Table 4, the final multivariate
model of hip/thigh discomfort included four individual
factors and one work information factor. Age, BMI,
having sciatic nerve pain and less frequent use of lift-
ing aids were found to be associated with 12-month
prevalence of interfering hip/thigh discomfort. Survey
respondents who reported having sciatic nerve pain
were more likely (OR 5.2; OR CI 2.6–10.4) to report
hip/thigh discomfort that interfered with their normal
activities than respondents who did not report sciatic
nerve pain. Survey respondents who reported that
they never or less than half of the time used patient
handling device (lifting aids) were more likely (OR 1.9;
CI 1.04–3.5) to report interfering hip/thigh discomfort
than respondents who reported that they used lifting
aids half of the time or more often.

Knee discomfort modelling
In the univariate analysis (Table 5), increasing age,
higher BMI, poor reported health status, having a foot
condition, use of compression stockings, more years of
nursing experience, more patient handling, higher TLX
workload (frustration), higher work pressure, lower job
control, lower supervisor support and lower job satis-
faction were significantly associated with 12-month
prevalence of interfering knee discomfort (p< .05).
Having more patients appears to be protective for
knee discomfort, though it is important to understand
that patient acuity is generally inversely related to the
number of patients assigned to a nurse. Additionally,
female gender, smoking status (ever a smoker), exer-
cising more often than rarely, working on a higher
acuity hospital unit, higher TLX workload (physical),
higher TLX workload (effort) and more interaction with
difficult patients and families were retained for further
analysis (p< .20).

As shown in Table 6, the final multivariate model of
knee discomfort includes four individual, one work
information and one psychosocial factor. Age, having
any foot condition, use of compression stockings and
more patient handling were found to be associated

Table 1. Twelve-month prevalence of lower extremity discomfort in study respondents.

N
Hip/thigh Knee Ankle/foot

455 442 459

Any discomfort, n (% of N) 144 (31.7) 213 (48.1) 271 (58.9)
Percentage of those reporting discomfort who experience it daily or most days that they work (%) 45.8 37.0 67.3

Discomfort that interferes with activities on or off the job, n (% of N) 74 (16.3) 95 (21.5) 114 (24.8)
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Table 2. Descriptive statistics of factors found to be significant in the univariate regression process.
Variable Unit or categories Respondents (%b) Mean (std. dev.)

Individual factors
Age Years 495 36.4 (10.5)
Gender Male 74 (14.9%)

Female 424 (85.1%)
BMI kg/m2 492 27.4 (6.5)
Smoking status Never 375 (75.6%)

Used to smoke or Current smoker 121 (24.4%)
Exercise Rarely/never 97 (19.3%)

1–2 d/week 178 (15.5%)
3–5 times/week, or daily 227 (45.3%)

Physical care for teenager/adult No 443 (88.6%)
Yes 57 (11.4%)

Housework Less than once a week, or once a week 85 (16.9%)
2–3 d/week 201 (40.0%)
4–5 d/week 111 (22.1%)
Daily 105 (20.9%)

Health status Excellent 70 (13.9%)
Very good 227 (45.2%)
Good, or fair or poor 205 (40.8%)

Quality of sleep Excellent or very good 145 (29.2%)
Good 189 (38.1%)
Fair or Poor 162 (32.7%)

Foot condition No foot condition 211 (43.3%)
Any foot condition 276 (56.7%)

Sciatic nerve pain No 425 (89.1%)
Yes 52 (10.9%)

Inserts No use 411 (82.7%)
Any use 86 (17.3%)

Compression stocking No use 273 (58.1%)
Any use 197 (41.9%)

Work information
Unit type ICU/PCU 299 (59.6%)

Med/surg 203 (40.4%)
Nursing experience years 487 9.4 (8.7)
Shift Day shift 222 (46.4%)

Night shift 180 (37.7%)
Other (evening shift, rotating, not fixed, etc.) 76 (15.9%)

Number of patients per shift number of patients 498 3.5 (1.2)
Breaks Mid-shift break with 10–15min short breaks

and/or brief breaks
251 (50.6%)

Only mid-shift break 135 (27.2%)
Only 10–15min short breaks and/or brief breaks 110 (22.2%)

Physical factors
How likely are you to ‘Bend

forward’ while in a
patient’s room?

Quite likely, or somewhat likely, or not likely 110 (22.0%)
Very likely 391 (78.0%)

Frequency of patient handling
during a shift

A few times, or several times, or many times 215 (42.8%)
Many, many times 287 (57.2%)

Patient handling tasks done by
self without any other person
or lifting device, %

Range 0% (none by self)–100% (all by self) 485 31.8 (21.5)

Frequency of using patient
handling device (lifting aids)a

More than half of the time or Always 103 (21.2%)
About half the time 85 (17.5%)
Never or Less than half of the time 297 (61.2%)

Psychosocial factors
TLX workload, physical, % Range 0 (low)–100 (high) 500 79.5 (13.9)
TLX workload, temporal, % Range 0 (low)–100 (high) 500 77.7 (13.3)
TLX workload, effort, % Range 0 (low)–100 (high) 500 78.4 (14.9)
TLX workload, frustration, % Range 0 (low)–100 (high) 500 57.7 (23.9)
Work pressure Range 1 (low)–4 (high) 495 2.4 (0.5)
Quantitative workload Range 1 (low)–5 (high) 498 4.0 (0.4)
Interact with difficult

patient/family
Range 1 (low freq.)–5 (high freq.) 499 4.1 (0.8)

Time pressure Range 1 (low)–4 (high) 499 3.1 (0.6)
Job controla Range 1 (low)–4 (high) 493 1.9 (0.4)
Supervisor supporta Range 1 (low)–4 (high) 496 2.6 (0.8)
Job satisfactiona Range 1 (low)–5 (high) 494 3.6 (1.0)

aVariables are expected to be protective (upper end of range is better); bPercentage are based on number of respondents who answered this question.
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with 12-month prevalence of interfering knee discom-
fort. Survey respondents who reported having any
foot condition (bunions, corns and calluses, plantar
warts, plantar fasciitis, flat foot, high arch or other foot
conditions) were more likely (OR 1.8; CI 1.04–3.1) to
report knee discomfort that interfered with their nor-
mal activities than respondents who reported no foot
conditions. Survey respondents who reported wearing
compression stockings were more likely (OR 2.6; CI
1.5–4.4) to report interfering knee discomfort than
respondents who reported no use of compression
stockings. Survey respondents who reported more fre-
quent patient handling activities were more likely (OR

1.9; CI 1.1–3.3) to report interfering knee discomfort
than respondents who reported doing less patient
handling. Respondents who reported higher ratings of
supervisor support tended to be less likely to report
interfering knee discomfort (OR 0.7; CI 0.5–1.0).

Ankle/foot discomfort modelling
In the univariate analysis (Table 7), age, BMI, health
status, foot condition, having sciatic nerve pain, use of
shoe inserts, more years of nursing experience, less
use of patient handling devices (lifting aids), greater
work pressure, greater time pressure and lower job
satisfaction were significantly associated with ankle/

Table 3. Step 1 results: potential risk factors and univariate analyses for hip/thigh discomfort that interferes with normal activ-
ities (on the job or off).

No. sample No. discomfort OR 95% CI p

Individual factors
Age, year 1.057 (1.033, 1.082) <.0001
Gender: female vs. male (reference) 385 65 1.309 (0.618, 2.774) .4824
BMI, kg/m2 1.067 (1.030, 1.105) .0003
Smoking status: ever vs. never (reference) 108 24 1.708 (0.990, 2.947) .0542
Exercise .0316

Rarely/never (reference) 89 23
1–2 d/week 164 24 0.492 (0.259, 0.935) .2674
3–5 times/week or daily 202 27 0.443 (0.237, 0.826) .0812

Foot condition: any vs. none (reference) 255 46 1.426 (0.841, 2.419) .1880
Sciatic nerve pain: yes vs. no (reference) 50 21 5.054 (2.671, 9.564) <.0001
Shoe inserts (included over the counter

and customised): any use vs. no
use (reference)

79 19 1.831 (1.015, 3.303) .0445

Work information
Nursing experience, years 1.055 (1.028, 1.084) <.0001
Shift .2442

Day shift (reference) 204 36
Night shift 165 21 0.681 (0.380, 1.218) .0943
Other (evening shift, rotating, not

fixed, etc.)
67 14 1.233 (0.618, 2.458) .2309

Physical factors
Bending forward when working in a pt

room: Very likely vs. Less than very
likely (reference)

358 54 0.675 (0.381, 1.195) .1772

Frequency of using patient handling
device (lifting aids): Never or less than
half of the time vs. half or more than
half of the time or always (reference)

274 52 1.533 (0.893, 2.632) .1216

Psychosocial factors
Quantitative workload, range 1

(low)–5 (high)
0.754 (0.515, 1.103) .1452

Job controla range 1 (low)–4 (high) 0.637 (0.336, 1.208) .1673
aHigher value is expected to be protective.

Table 4. Step 2 results: multivariate model for factors associated with hip/thigh discomfort that interferes with normal activities
(on the job or off).

Estimate SE OR 95% CI p

Intercept –4.4931 0.7472 <.0001
Age, year 0.0446 0.0137 1.046 (1.018, 1.074) .0012
Gender: female vs. male (reference) 0.0650 0.2136 1.139 (0.493, 2.631) .7611
BMI, kg/m2 0.0554 0.0206 1.057 (1.015, 1.101) .0073
Sciatic nerve pain: yes vs. no (reference) 0.8199 0.1785 5.155 (2.560, 10.377) <.0001
Frequency of using patient handling device

(lifting aids): never or less than half of
the time vs. Half or more than half of the
time or always (reference)

0.3246 0.1568 1.914 (1.035, 3.539) .0385
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foot discomfort (p< .05). Additionally, female gender,
providing physical care for teenage/adult, performing
housework more often, higher quality of sleep, work-
ing day shift, higher TLX workload (temporal), higher
TLX workload (frustration) and lower job control were
retained for further analysis (p< .20).

As shown in Table 8, the final multivariate model
for 12-month prevalence of interfering ankle/foot dis-
comfort includes seven independent variables. BMI,
having any foot condition, greater likelihood of using
any type of lifting aid and low job satisfaction were
found to be associated with interfering ankle/foot dis-
comfort. Survey respondents who reported having any
foot condition were more likely (OR 3.2; CI 1.8–5.7) to
report ankle/foot discomfort that interfered with their
normal activities than respondents who reported no

foot conditions. Survey respondents who reported
using patient handling devices (lifting aids) half or less
than half the time were less likely (OR 0.48; CI
0.27–0.87) to report interfering ankle/foot discomfort
than respondents who reported always using lifting
device or using them more than half of the time.
Survey respondents who reported high job satisfaction
were less likely (OR 0.72; CI 0.56–0.92) to report inter-
fering ankle/foot discomfort than respondents who
reported low job satisfaction. Respondents who were
older or reported use of shoe inserts tended to be
more likely to report interfering ankle/foot discomfort
(OR 1.02; CI 1.0–1.05 and OR 1.7; CI 0.9–3.0,
respectively).

All three multivariate models (hip/thigh, knee and
ankle/foot) were determined to be acceptable, with

Table 5. Step 1 results: potential risk factors and univariate analyses for knee discomfort that interferes with normal activities
(on the job or off).

No. sample No. discomfort OR 95% CI p

Individual factors
Age, year 1.024 (1.002, 1.047) .0316
Gender: female vs. male (reference) 374 83 1.743 (0.827, 3.674) .1442
BMI, kg/m2 1.044 (1.010, 1.080) .0101
Smoking status: ever vs. never (reference) 107 27 1.403 (0.839, 2.347) .1973
Exercise .1468

Rarely/never (reference) 82 15
1–2 d/week 162 43 1.614 (0.835, 3.122) .0580
3–5 times/week or daily 189 37 1.026 (0.528, 1.994) .3900

Health status: good, or fair, or poor vs. excellent or very good (reference) 178 48 1.705 (1.079, 2.693) .0222
Foot condition: any vs. none (reference) 251 65 1.820 (1.118, 2.963) .0161
Compression stocking: any use vs. no use (reference) 183 53 2.374 (1.463, 3.853) .0005

Work information
Unit type: Med/surg vs. ICU (reference) 183 31 0.622 (0.385, 1.003) .0514
Nursing experience, years 1.028 (1.001, 1.055) .0427
Shift .3576

Day shift (reference) 199 46
Night shift 162 30 0.756 (0.451, 1.266) .1535
Other (evening shift, rotating, not fixed, etc.) 64 17 1.203 (0.631, 2.294) .2980

Number of patients per shift 0.842 (0.694, 1.021) .0798
Physical factors
Frequency of patient handling: more patient handling vs. less patient handling (reference) 258 65 1.729 (1.068, 2.799) .0259

Psychosocial factors
TLX workload, physical, %, range 0 (low)–100 (high) 1.013 (0.995, 1.030) .1553
TLX workload, effort, %, range 0 (low)–100 (high) 1.012 (0.995, 1.030) .1732
TLX workload, frustration, %, range 0 (low)–100 (high) 1.013 (1.003, 1.024) .0121
Work pressure, range 1 (low)–4 (high) 1.708 (1.024, 2.848) .0404
Interact with difficult patient /family, range 1 (low)–5 (high) 1.275 (0.948, 1.713) .1077
Job controla, range 1 (low)–4 (high) 0.454 (0.246, 0.837) .0113
Supervisor supporta, range 1 (low)–4 (high) 0.628 (0.474, 0.832) .0012
Job satisfactiona, range 1 (low)–5 (high) 0.708 (0.559, 0.895) .0040

aHigher value is expected to be protective.

Table 6. Step 2 results: multivariate model for factors associated with knee discomfort that interferes with normal activities (on
the job or off).

Estimate SE OR 95% CI p

Intercept –1.9218 0.6594 .0036
Age, year 0.0293 0.0127 1.030 (1.004, 1.056) .0214
Gender: female vs. male (reference) 0.1366 0.2234 1.314 (0.547, 3.155) .5409
Foot condition: any vs. none (reference) 0.2957 0.1411 1.806 (1.039, 3.141) .0361
Compression stockings: any use vs. no use (reference) 0.4758 0.1362 2.590 (1.519, 4.418) .0005
Frequency of patient handling: more patient handling vs. less patient handling (reference) 0.3208 0.1377 1.900 (1.107, 3.259) .0198
Supervisor supporta, range 1 (low)–5 (high) �0.2953 0.1589 0.744 (0.545, 1.016) .0631
aHigher value is expected to be protective.
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areas under the receiver operating characteristic (ROC)
curve of 0.747, 0.698 and 0.755, respectively. After per-
forming goodness-of-fit tests, the p-values were
0.7654, 0.9790 and 0.3690.

Discussion

This study used a new framework for examining the
relationship between work, psychosocial and individ-
ual factors and the prevalence of lower extremity MSD
in hospital staff nurses. Specifically, logistic regression
models were constructed from survey data that docu-
mented the prevalence of lower extremity MSD severe
enough to interfere with activities on or off the job.
The results are consistent with other studies showing
elevated prevalence of lower extremity discomfort in
hospital staff nurses (Anap, Iyer, and Rao 2013; Attar
2014; Attarchi et al. 2014). The prevalence of MSK dis-
comfort in the lower extremities in nurses reported by
other researchers ranges from less than 10–100%
(Alexopoulos et al. 2011; Attar 2014; Botha and

Bridger 1998; Cameron et al. 2008; Choobineh et al.
2010; Daraiseh et al. 2003; Davis and Kotowski 2015;
Kee and Seo 2007; Stolt et al. 2016). It was particularly
concerning to see that two-thirds of the nurses in this
study who reported foot/ankle discomfort experienced
it daily or on most days that they work. Percentages
were lower for those with hip/thigh or knee discom-
fort, but still showed that well over one-third of nurses
reporting discomfort were working while experiencing
pain in those areas (46 and 37%, respectively).

Individual factors. In this study, increasing age was
associated with interfering hip/thigh and knee discom-
fort; greater BMI was associated with interfering hip/
thigh and ankle/foot discomfort; having any foot con-
dition was associated with interfering knee and ankle/
foot discomfort. This is consistent with other research
on nurses (Nealy et al. 2012). Interestingly, gender was
not a significant factor in the final model for any of
the parts of the lower extremity. Choobineh et al.
(2010) also found no differences in hip/thigh or knee

Table 7. Step 1 results: potential risk factors and univariate analyses for foot/ankle discomfort that interferes with normal activ-
ities (on the job or off).

No.
sample

No.
discomfort OR 95% CI p

Individual factors
Age, year 1.038 (1.017, 1.059) .0003
Gender: female vs. male (reference) 390 103 1.974 (0.970, 4.016) .0606
BMI, kg/m2 1.068 (1.035, 1.102) <.0001
Physical care for teenager/adult: Yes vs. No (reference) 49 16 1.534 (0.810, 2.906) .1892
Housework: daily vs. not daily (reference) 95 29 1.442 (0.875, 2.377) .1508
Health status: good, or fair, or poor vs. excellent or very good (reference) 190 58 1.671 (1.091, 2.560) .0183
Quality of sleep: fair, or poor vs. excellent, or very good, or good (reference) 149 30 0.674 (0.420, 1.082) .1027
Foot condition: any vs. none (reference) 258 88 3.537 (2.146, 5.830) <.0001
Sciatic nerve pain: yes vs. no (reference) 46 18 2.213 (1.170, 4.189) .0146
Shoe inserts (included over the counter and

customised): any use vs. no use (reference)
79 34 2.850 (1.712, 4.745) <.0001

Work information
Nursing experience, years 1.042 (1.017, 1.067) .0008
Shift .0572
Day shift (reference) 201 62
Night shift 169 37 0.628 (0.392, 1.007) .5851
Other (evening shift, rotating, not fixed, etc.) 69 13 0.521 (0.265, 1.021) .2034

Breaks .2657
Mid-shift break with 10–15min short breaks and/or brief breaks (reference) 231 52
Only mid-shift break 122 37 1.498 (0.914, 2.457) .1766
Only 10–15min short breaks and/or brief breaks 100 24 1.087 (0.625, 1.890) .8038

Physical factors
Patient handling tasks done by self without any other person or lifting device, %, range 0

(none by self)–100 (all by self)
0.993 (0.983, 1.003) .1889

Frequency of using patient handling device (lifting aids): Half or less of the time vs. Always
or more than half of the time (reference)

355 80 0.592 (0.356, 0.985) .0435

Psychosocial factors
TLX workload, temporal, %, range 0 (low)–100 (high) 1.012 (0.995, 1.029) .1541
TLX workload, frustration, %, range 0 (low)–100 (high) 1.008 (0.999, 1.018) .0767
Work pressure, range 1 (low)–4 (high) 2.118 (1.309, 3.427) .0022
Time pressure, range 1 (low)–4 (high) 1.474 (1.024, 2.120) .0366
Job controla, range 1 (low)–4 (high) 0.596 (0.344, 1.031) .0641
Job satisfactiona, range 1 (low)–5 (high) 0.717 (0.576, 0.891) .0028

aHigher value is expected to be protective.
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MSK prevalence in male and female operating room
nurses, but female nurses had a higher prevalence of
foot/ankle pain.

Physical factors. Greater frequency of patient han-
dling was associated with knee discomfort and less
frequent use of patient handling device (lifting aids)
was associated with hip/thigh discomfort in this study.
Researchers have found that patient handling tasks
are associated with knee pain due to the mechanical
loads on the knees during patient handling tasks
(Daraiseh et al. 2010; Marras et al. 1999). Interestingly,
in this study, more frequent use of lifting devices was
associated with foot/ankle discomfort; this result needs
to be investigated further, as it is contrary to the asso-
ciation with hip/thigh discomfort and to what would
be hypothesised.

Psychosocial factors. Lower job satisfaction and lower
supervisor support were associated with interfering
ankle/foot and knee discomfort, respectively, in this
study. In a prior study of nurses, lower job satisfaction
was associated with knee pain (Arsalani et al. 2014),
while lower supervisor support was associated with
hip/thigh discomfort (Erick and Smith 2014) and lower
limb discomfort (Seifert, Messing, and Dumais 1997) in
studies of other professions (teachers in developing
countries and bank employees, respectively). No other
psychosocial factors were found to be associated with
lower extremity discomfort in this study. In contrast, an
earlier study by Engels et al. (1996) found a high work
pace and work interruptions were associated with leg
discomfort in nurses working in nursing homes.

Work organisation. None of the work organisation or
work experience factors were associated with lower
extremity discomfort in the final models, though in
the univariate analyses working night shift appeared

to have a protective effect for each of the lower
extremity regions. As a point of comparison, a 2012
study reported that working rotating night shifts was
linked to varicose veins in a sample of middle age
nurses and midwives (Burdelak et al. 2012). Length of
shift could not be investigated in this study for associ-
ation with lower extremity discomfort, because almost
all survey respondents worked 12-h shifts.

In this study, we attempted with several questions
on the survey, to ask about different aspects of work-
load, including self-reported quantitative workload,
NASA TLX workload rating scales and self-reported
work pressure (scale included questions on understaff-
ing and perceptions of patient load and acuity), and
overtime. Overtime did not make it through the first
step of the statistical analysis, and the other variables
were not retained in any of the three final models. In
the study conducted by Cohen et al. (2004) workload
was objectively quantified by resident-staff ratio and
resident dependency-staff ratio, and these were found
to correspond to MSK injury rates. In that study per-
ceived workload was significantly correlated with resi-
dent dependency-staff ratio, but perceived workload
was not associated with injury rates. As such, Cohen
et al. demonstrated the value of measuring workload,
rather than relying on worker perceptions. Results
from this study are consistent with those of Cohen
et al. showing that nurses’ perceptions about work-
load were not strongly associated with more serious
MSK outcome measures.

Several questions in the survey pertained to the
workstyle construct, such as taking (or not taking)
breaks and working while in pain/discomfort. About
20% of participants did not take a mid-shift meal
break, but only took short/brief breaks, although their
shifts were 12 h long. Another 20% only took a mid-
shift meal break, but no other breaks in their 12-h

Table 8. Step 2 results: multivariate model for factors associated with foot/ankle discomfort that interferes with normal activities
(on the job or off).

Estimate SE OR 95% CI p

Intercept –2.0901 0.8083 .0097
Age, year 0.0233 0.0122 1.024 (0.999, 1.048) .0552
Gender: Female vs. male (reference) 0.3176 0.2073 1.888 (0.837, 4.254) .1255
BMI, kg/m2 0.0446 0.0187 1.046 (1.008, 1.085) .0170
Foot condition: any vs. none (reference) 0.5833 0.1452 3.211 (1.818, 5.673) <.0001
Shoe inserts (included over the counter and

customised): any use vs. no
use (reference)

0.2545 0.1524 1.664 (0.915, 3.024) .0950

Frequency of using patient handling device
(lifting aids): half or less of the time vs.
always or more than half of the
time (reference)

–0.3647 0.1518 0.482 (0.266, 0.874) .0163

Job satisfactiona, range 1 (low)–5 (high) –0.3341 0.1271 0.716 (0.558, 0.919) 0.0086
aHigher value is expected to be protective.
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shifts. While this way of characterising breaks did not
turn out to be associated with lower extremity dis-
comfort, working for extended periods without suffi-
cient breaks remains an area of concern. It is also
unknown whether lower extremity discomfort would
be associated with workstyle, as assessed by the work-
style questionnaire developed by Feuerstein (1996)
(original or short form). Future studies could include
the workstyle questionnaire instrument when investi-
gating lower extremity discomfort in nursing popula-
tions, to provide a more complete picture of the
relationship between workstyle and lower extrem-
ity discomfort.

In this study, the lower extremity was divided into
three regions, in contrast to some other studies where
the lower extremity was investigated as a single unit.
The analysis from this cross-sectional study showed
that discomfort in the three different regions was
associated with different factors. Interfering hip/thigh
discomfort was associated with age, BMI, having sci-
atic nerve pain and less frequent use of lifting aids;
interfering knee discomfort was associated with age,
having any foot condition, use of compression stock-
ings, more patient handling and less supervisor sup-
port; and interfering foot/ankle discomfort was
associated with age, BMI, having any foot condition,
use of shoe inserts, greater likelihood of using lifting
aids and lower job satisfaction. Thus, looking at the
three regions separately proved to be beneficial, and
provided more insights in the model building process.
When considering interventions to reduce MSK dis-
comfort in nurses, the intervention could be more tar-
geted to a specific region, priority could be given to
interventions that target more than one region of the
lower extremity, or it could be recognised if multiple
interventions were to be initiated that each part of
the lower extremity was being addressed by at least
one of the interventions.

An important strength of the study was the strong
response rate (over 60%). A key factor in this was the
hands-on approach to participant recruitment. Each
potential participant was personally invited, in a face-
to-face conversation, to participate in the study.
During the recruitment process each potential partici-
pant was handed a paper survey and a $5 bill as an
incentive. The goal of providing the incentive at the
time of recruitment is to establish trust between the
researcher and the potential participant (Dillman,
Smyth, and Christian 2008) and the paper survey
served as a physical reminder of the survey.
Lockboxes for depositing completed surveys were con-
veniently located in the break room of each unit and

also served as visual reminders to complete
the survey.

There are some limitations to this study. First, this
was a cross-sectional study. As such, the effects of
some of the ergonomics practices (such as the use of
lifting devices) cannot be determined from the study
results. Some nurses could have adopted some work
practices proactively, to try to prevent development of
MSK discomfort, while others could have adopted the
same work practices reactively, to ameliorate symp-
toms. As such, whether or not the association
between a work practice and MSK discomfort is causal
cannot be established. Follow-up interviews with sur-
vey participants could be useful to determine which
work practices may be effective in preventing or amel-
iorating MSK discomfort. Further, as with any cross-
sectional study, participants may represent ‘survivors’,
where more vulnerable people already chose to leave
the job. For example, we discovered through a later
conversation with one of the study participants, that
the individual had left the inpatient hospital staff
nurse position held during the survey and had taken a
less physically demanding job a few months after the
survey was conducted, due to persistent knee prob-
lems. Another limitation was that the foot and ankle
were not examined separately in the survey, nor were
different parts of the foot, all of which could poten-
tially provide more detailed insights. Another limita-
tion of the study is that in the logistic regression
modelling process, other than ‘foot conditions’, poten-
tial associations between pain in different regions of
the lower extremity were not examined. One more
limitation was that in spite of iterative testing and
modification during pilot testing, about 10% of partici-
pants did not provide responses to questions about
lower extremity discomfort, due to a survey design
oversight. Lastly, a broad range of patient handling
aids was grouped together (gait belt, portable floor
lift, ceiling lift, stand assist device and slide board) in
one of the questions. Breaking them out might have
yielded more useful information.

Conclusions

Lower extremity MSK discomfort is prevalent in nurses.
This study makes a contribution to the knowledge
base, by proposing an ecological model to further the
understanding of the range of factors that could influ-
ence the lower extremity health of nurses. The model
is based on an extensive review of the literature on
lower extremity MSK disorders; it includes physical,
work organisational, psychosocial and individual
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factors reported or hypothesised to be associated with
lower extremity MSK discomfort in nurses. The model
provides a new framework for further aetiological and
interventional research to address the prevalence of
lower extremity discomfort experienced in hospital
staff nurses. Analysis of data from a survey of nurses,
based on the new ecological model, verified that indi-
vidual (e.g. older age, higher BMI or having any foot
condition) and work environment factors (physical fac-
tors, e.g. higher frequency of patient handling; psycho-
social factors, e.g. lower job satisfaction and supervisor
support) were associated with lower extremity discom-
fort in one or more parts of the lower extremity. Prior
to making recommendations to modify the new
model, findings should be examined from additional
studies based on the model, including those that
employ different study designs.

Researchers and practitioners may be able to use
the findings of this study to improve (reduce) nurses’
experience with lower extremity MSD. They could use
the new model to raise awareness of factors that have
been associated with lower extremity MSDs in other
studies (some in nurses and some in other work or
general populations), and to investigate and attempt
to address those factors in their own nursing popula-
tions. Consistent with prior reports concerning nurses
(Stolt et al. 2016), BMI was associated with lower
extremity discomfort in this study (in the hip/thigh
and foot/ankle). Some studies have shown that work-
place weight loss programmes can be effective, result-
ing in weight loss and other health benefits (Pritchard,
Nowson, and Billington 2002; Nahm, Warren, and
Friedmann 2014); such an intervention would have
the potential to also have a positive effect on nurses’
lower extremity discomfort. In this study, foot condi-
tions were associated with knee and foot/ankle dis-
comfort. Foot health and care for feet is important for
nurses’ health and for career viability. Stolt et al.
(2018) reported on nurses’ perceptions of foot health,
including factors that promote or hinder foot health
and ways employers could support foot health (e.g.
in-service education on foot self-care, selection of
proper footwear and use of compression stockings;
regular foot assessment and treatment if needed; and
considering ways to reduce nurses’ time on feet). This
study also found that more positive perceptions of
supervisor support and job satisfaction were associ-
ated with lower likelihood of reporting interfering
knee and foot/ankle discomfort, respectively. Efforts
that aim to improve these perceptions of work could
have an effect on lower extremity discomfort and
other positive consequences (e.g. improved nurse

retention and patient satisfaction (Stordeur et al.
2003)). Statistical modelling also identified higher fre-
quency of patient handling and using patient-handling
devices less often when handling patients as being
associated with reporting interfering discomfort in the
knee and hip/thigh, respectively. Efforts to reduce
manual patient handling could have a positive effect
on lower extremity discomfort, as well as other bene-
fits (e.g. reducing injury rates, reducing lost work days
and increase in job satisfaction (Nelson et al. 2006);
improved employee retention and patient care
(Celona 2010; Thomas, Celona, and Matz 2010)). As
such, researchers and practitioners could use the new
aetiological model and the findings from this study, in
combination with research findings from relevant
intervention studies, to positively affect the work life
and health of their nursing populations.
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