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Abstract: The incidence of occupational back injury in the healthcare sector remains high despite 10 

decades of efforts to reduce such injuries. This prospective cohort study investigates risk factors for 11 

back injury during patient transfer. Healthcare workers (n=2,080) from 314 departments at 17 12 

hospitals in Denmark replied to repeated questionnaires sent every 14 days for one year. Using 13 

repeated-measures binomial logistic regression, controlling for education, work, lifestyle and 14 

health, the odds for back injury (i.e. sudden onset episodes) were modeled. Based on 482 back injury 15 

events, a higher number of patient transfers was an important risk factor, OR 3.58 (95% CI 2.51-5.10) 16 

for 1-4 transfers per day, OR 7.60 (5.14-11.22) for 5-8 transfers per day, and OR 8.03 (5.26-12.27) for 17 

9 or more transfers per day (reference: less than 1 per day). Lack of necessary assistive devices was 18 

a common phenomenon during back injury events, with the top four being lack of sliding sheets 19 

(30%), intelligent beds (19%), walking aids (18%) and ceiling lifts (13%). For the psychosocial factors, 20 

poor collaboration between and support from colleagues increased the risk for back injury, OR 3.16 21 

(1.85-5.39). In conclusion, reducing the physical burden in number of daily patient transfers, 22 

providing the necessary assistive devices, and cultivating good collaboration between colleagues 23 

are important factors in preventing occupational back injuries among healthcare workers. 24 

Keywords: Health Care Sector; Nurses; Occupational Injuries; Low Back Pain; Workplace  25 

 26 

1. Introduction 27 

Recent data from the Global Burden of Disease Study shows that low-back pain continues to be 28 

a leading cause of years lived with disability [1]. While low-back pain is multifactorial in origin, 29 

several work-related factors can contribute. Heavy lifting, frequent turns, twisting and bending of 30 

the back, are among the commonly reported work-related risk factors for low-back pain [2,3]. These 31 

are also associated with increased risk for long-term sickness absence [4,5] and early involuntary 32 

retirement from the labor market [6Ȯ8]. Such physical exposures are common among workers with 33 

manual material handling as well as healthcare workers.  34 

Healthcare workers transferring patients, e.g. nurses and nursesȂ aides, are frequently 35 

experiencing back-related problems [9] often due to injuries occurring suddenly and unexpectedly 36 

during patient transfers. Several studies show an association between patient transfer and risk of 37 

back injury [10Ȯ14], and biomechanical studies confirms the high physical loading of the back during 38 

such work [15Ȯ17]. Across the European Union, healthcare workers rate their own health and safety 39 

as poorer than the rest of the working population  [18], and qualitative interviews indicate that this 40 

negatively impacts quality of life and overall satisfaction with the job [19]. Altogether, back injuries 41 

can lead to long-term negative physical and psychological consequences [20]. Thus, several important 42 

reasons for preventing back injuries among healthcare workers exist.  43 
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One important initiative to prevent back injuries is ensuring consistent use of assistive devices 44 

during patient transfer [10]. Thus, among healthcare workers in eldercare, consistent use of assistive 45 

devices is associated with markedly decreased risk of future back injury [10]. Likewise, involving the 46 

healthcare workers and their leaders in a participatory approach for improved use of assistive devices 47 

have shown to reduce the incidence of injuries to about half [21]. However, to be successful in this 48 

endeavor, a good collaboration between colleagues as well as with the leaders is probably important. 49 

An Australian study further reported that a ȃno lifting policyȄ Ȯ i.e. making it obligatory to use 50 

assistive devices during patient transfer - led to fewer back injury compensation claims [22]. 51 

However, healthcare workers often face situations where the necessary assistive devices are not 52 

readily available [23]. Knowledge about which assistive devices that are commonly missing when 53 

back injuries occur may help hospitals to better plan preventive strategies.  54 

While the majority of preventive strategies at hospitals focus on ergonomic factors, improving 55 

psychosocial factors may also be important. Thus, a recent systematic review suggests that 56 

psychosocial factors such as high demands and low job control, effort-reward imbalance, and low 57 

social support may be important risk factors for musculoskeletal disorders among healthcare workers 58 

[24]. Several studies have also highlighted the role of good leadership as important for the health 59 

status of this population [25].  60 

The aim of this study was therefore to investigate physical and psychosocial work 61 

environmental risk factors for back injury during patient transfer among healthcare workers in 62 

hospitals. To encounter some of the methodological shortcomings of previous studies, e.g. recall bias 63 

and a long time between exposure and outcome, we used a repeated measures design with 64 

questionnaires every 14 days during a year.  65 

2. Materials and Methods  66 

2.1. Study design and population 67 

The design is a prospective cohort study with a baseline questionnaire in 2017 and repeated 68 

questionnaires every 14 days for one year. The baseline questionnaires were sent by e-mail to 7,025 69 

employees from 389 departments at 19 hospitals in Denmark, of which 4,151 (59.1%) responded. The 70 

only inclusion criteria at the department level was that there should be some sort of patient transfer, 71 

i.e. excluding office and administrative departments. All hospitals were public and represented two 72 

(North and Mid) of the five regions in Denmark (North, Mid, South, Zealand, Capital). Of the 73 

respondents, only groups working directly with patients (nurses, nurses aids, healthcare assistants, 74 

occupational therapists, physical therapists, midwifes and medical doctors, porters, and radiographs) 75 

were selected for further analysis (n=3,885). Participants received a short questionnaire every 14 days 76 

during one year after baseline. For the present analysis, we included only healthcare workers who 77 

responded to at least three of the repeated questionnaires during the 1-year follow-up period, 78 

yielding a final sample size of 2,080 healthcare workers spanning 314 different departments from 17 79 

hospitals. The mean number of repeated responses during 1-year follow-up was 12.3 (SD 7.3). Table 80 

1 shows the baseline characteristics of the included study population (N=2,080 ~ 54%) as well as of 81 

the non-responders (N=1,805 ~ 46%) to the repeated questionnaires during follow-up.  82 

Table 1. Demographics, work, health and lifestyle at baseline. Results are either mean (SD) or 83 

prevalence as percentage (%) of the study population. 84 

Variable Study population Non-responders 

N 2,080 1,805 
Age (mean) 48.2 (11.1) 44.5 (11.5) 

Gender (% women) 87.1 % 86.4 % 
Seniority, years (mean) 17.9 (11.7) 15.0 (11.4) 

   
NUMBER OF DAILY PATIENT TRANSFERS (%)   

Less than 1  39.3 % 34.3 % 
1-4 28.4 % 30.9 % 
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5-8 17.9 % 18.8 % 
9 or more 14.4 % 16.1 % 

   
PSYCHOSOCIAL WORK FACTORS (0-100, where 100 is best)   

Collaboration between and support from colleagues 80.0 (13.9) 78.0 (14.6) 
Influence at work 73.5 (17.6) 70.0 (18.8) 

Recognition and support from management 69.2 (20.9) 64.3 (22.6) 
   

HEALTH FACTORS   
Mental health (0-100, where 100 is best) 82.2 (13.4) 80.3 (14.2) 

Low-back pain intensity (0-10) 2.4 (2.6) 2.3 (2.5) 
Previous back injury (%) 10.2 % 13.0 % 

   
LIFESTYLE FACTORS   

Smoking (% yes) 8.1 % 10.6 % 
BMI (mean) 25.4 (4.8) 24.8 (4.7) 

Leisure physical activity (%)   
1. Seated 6.5 % 7.4 % 

2. Light activities for at least 4 h per week 61.7 % 58.4 % 
3. Physical exercise or other strenous activities for at least 4 hours per week 28.9 % 29.9 % 

4. Hard physical exercise and competitions on a regular basis 3.0 % 4.3 % 

2.2. Ethical approval and data protection 85 

The National Research Centre for the Working Environment has an agreement with the Danish 86 

Data Protection Agency about registering all studies in-house. According to Danish law, 87 

questionnaire- and register-based studies need neither approval from ethical and scientific 88 

committees nor informed consent [26]. All data were de-identified and analyzed anonymously. 89 

2.3. Predictors 90 

In relation to the physical work demands, frequency of patient transfer was evaluated with the 91 

following question sent every 14 days during the one year follow-up period: ȃHow many patients have 92 

you transferred per day at working days during the last 14 days (if you transfer the same patient more than 93 

once per day, it counts as more patients)Ȅ with the response options: 1) none, 2) less than one per day 94 

(e.g. 2-3 per week), 3) 1-2 per day, 4) 3-Ś per day, … ŗŘǼ ŗ9-20 per day, 13) more than 20 per day [23]. 95 

An explanation was provided regarding the meaning of a transfer including some examples; ȃby a 96 

transfer is meant to help a patient move from one place to another or from one position to another, for example 97 

1) from bed to wheelchair, 2) from chair to toilet chair, 3) help the patient move further up in the bed, 4) 98 

accommodate the patient in the wheelchair, 5) turn the patient, 6) situations where the patient needs to get 99 

dressed or with personal hygieneȄ. For the subsequent analyses, the categories were collapsed to 1) less 100 

than once per day, 2) 1-4 per day, 3) 5-8 per day, and 4) 9 or more per day.  101 

In relation to psychosocial work factors, participants replied at baseline to questions from the 102 

Copenhagen Psychosocial Questionnaire [27] about 1) collaboration between and support from 103 

colleagues (three items), 2) influence at work (two items), and 3) recognition and support from the 104 

management (two items). Responses from the questions of each scale were averaged and normalized 105 

on a scale of 0-100 according to the test score manual (100 is best). For subsequent analyses, we 106 

defined 0-śŖ as ȁpoorȂ, śŖ.Ŗŗ-ŝś as ȁmoderateȂ and ŝś.Ŗŗ-ŗŖŖ as ȁgoodȂ psychosocial work environment 107 

for each of the three scales. 108 

2.4. Outcome 109 

A back injury event was evaluated with the question ȃHave you injured your back during a 110 

patient transfer within the previous 14 days (think about whether the pain occurred suddenly and 111 

unexpected during the transferǼȄ with the response categories ŗǼ no, ŘǼ yes, one time, řǼ yes, two 112 

times, and 4) yes, three or more times. For subsequent analyses, categories 2-4 were collapsed into 113 
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ȁyesȂ [10].  114 

Those replying ȁyesȂ to a back injury also received the following questions: 115 

Sick leave: ȃDid you have to go on sick leave due to the back-injury?Ȅ with the response options 1) 116 

no, and 2) yes (indicate number of sick leave days). 117 

Assistive devices: ȃWere the necessary assistive devices available when the back injury 118 

occurred?Ȅ with the response options ŗǼ no, and ŘǼ yes.  119 

Those replying ȁnoȂ also received the question ȃWhich assistive deviceǻsǼ were lacking when the back 120 

injury occurred?Ȅ with a ŗŜ-item multiple-choice list of assistive devices.  121 

In short, this list included the vast majority of assistive devices used during patient transfer; spanning 122 

from common friction-reducing devices (e.g. sliding sheets, sliding boards and masterturners) 123 

characterized by a manual approach to horizontal transfer and/or repositioning in bed, to devices 124 

utilized when moving the patient from one room to another (e.g. walking aids, wheelchairs, gait belts 125 

and stand-assist lifts). Finally, the more technologically-advanced devices (e.g. lifts, intelligent beds 126 

and electric versions of the masterturner) are most commonly used when transferring old, frail and/or 127 

bariatric patients within the room (e.g. from bed to chair). 128 

2.5. Control variables 129 

To control for possible confounding, we included basic variables about work, health and lifestyle 130 

from the baseline questionnaire. Basic variables: Age (continuous variable) and sex (female, male). 131 

Work-related factors beside the predictor variables: Healthcare specific education (categorical variable, e.g. 132 

nurse, medical doctor, physical therapist etc.), seniority (years working as healthcare worker, 133 

continuous variable). Health: Mental health from SF-36 (continuous variable) [28], low-back pain 134 

intensity during the previous month (continuous variable, 0-10) [29]. Lifestyle: Body mass index (BMI 135 

= weight/ height2, continuous variable), smoking status (daily smoker, not daily smoker, ex-smoker, 136 

non-smoker), leisure physical activity (4-categories from sedentary to a very high level of leisure 137 

physical activity) [30]. From the repeated short questionnaires sent every 14 days, the analysis was 138 

controlled for the number of working days during the last 14 days (continuous variable), i.e. in the 139 

same period as the predictor variable ȁnumber of daily patient transfersȂ, and for previous back injury 140 

using the previous reply 14 days before.  141 

2.6. Statistical analysis 142 

Using repeated-measures binomial logistic regression with random effects modeling, we 143 

estimated the risk for back injury events during follow-up. The dataset was re-arranged for the 144 

predictor variable (number of patient transfers) to always come 14 days before the outcome variable, 145 

and the control variable of previous back injury to come 14 days before the predictor variable. This 146 

allowed an analysis of the prospective short-term association between exposure (patient transfer) and 147 

the risk of back injury 14 days later, controlling for previous back injury 14 days before. The analysis 148 

was mutually controlled for the number of patient transfers and the psychosocial variables, and also 149 

controlled for the variables previously mentioned (2.5. Control variables). Further, it was adjusted 150 

for clustering at the department level using the ȁrandomȂ statement of PROC GLIMMIX ǻSAS version 151 

9.ŘǼ. Using the ȁrandom _residual_Ȃ statement, the analysis also took into account that each participant 152 

provided several repeated measures during follow-up. The degrees of freedom method was set to 153 

containment. The main results are provided as odds ratios (OR) and 95% confidence intervals (95% 154 

CI). Other descriptive statistics are provided as means (SD) and prevalence (percentage, %). 155 

 156 

3. Results 157 

Table 1 shows that, at baseline, the mean age was 48 years of the responders to the repeated 158 

questionnaire and 45 years of the non-responders, and the majority of the healthcare workers were 159 

women. The majority had daily patient transfers. Mental health was on average normal (>80) and the 160 

intensity of low-back pain was about 2 in both responders and non-responders. During the last year 161 
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prior to baseline, 10.2% and 13.0% of the responders and non-responders, respectively, had 162 

experienced at least one back injury (i.e. sudden onset episode) during patient transfer. For the 163 

lifestyle factors, BMI was on average about 25, there were only few smokers, and the majority (about 164 

60%) performed light physical activity during leisure.  165 

During the 1-year follow-up period, there were 482 reported back injury events. The unadjusted 166 

incidence of back injuries during the last 14 days was 0.3%, 2.4%, 5.4% and 7.0% among those with 167 

less than 1, 1-4, 5-8 and 9 or more patient transfers per day, respectively (not shown in the tables). Of 168 

the back injury events, 7.8% lead to sickness absence of 1 day or more, with an average of 3.8 days 169 

[SD 4.0] (not shown in the tables).  170 

Table 2 shows the fully adjusted analysis between number of daily patients transfer during the 171 

last 14 days and the risk for back injury, as well as between the psychosocial work environmental 172 

factors at baseline and the risk for back injury. A higher number of patient transfers was Ȯ in an 173 

exposure-response fashion - an important risk factor, OR 3.58 (95% CI 2.51-5.10) for 1-4 transfers per 174 

day, OR 7.60 (5.14-11.22) for 5-8 transfers per day, and OR 8.03 (5.26-12.27) for 9 or more transfers per 175 

day (reference: less than 1 per day). A trend test, i.e. using the number of patient transfers as 176 

continuous variable, was also highly significant in relation to back injury events (P<0.001). For the 177 

psychosocial factors, poor collaboration between and support from colleagues increased the risk, OR 178 

3.16 (1.85-5.39). A trend test, i.e. using collaboration between and support from colleagues as 179 

continuous variable, was also significant (P<0.01). Influence at work as well as recognition and 180 

support from management were not significant risk factors for back injury in the present analysis.  181 

Table 2. Odds ratios and 95% confidence intervals for the risk of back injury events during the 1-year 182 

follow-up period. Statistically significant findings are marked in bold. 183 

  n % OR (95% CI) a 

Number of daily patient transfers b    
Less than 1  13543 53.3 1 

1-4 7223 28.4 3.58 (2.51 - 5.10) 

5-8 2575 10.1 7.60 (5.14 - 11.22) 

9 or more 2061 8.1 8.03 (5.26 - 12.27) 

Collaboration between and support from colleagues c    
Good 1051 51.2 1 

Moderate 917 44.7 1.09 (0.82 - 1.43) 
Poor 85 4.1 3.16 (1.85 - 5.39) 

Influence at work c    
Good 606 29.5 1 

Moderate 1089 53.0 1.00 (0.73 - 1.36) 
Poor 358 17.4 1.20 (0.81 - 1.79) 

Recognition and support from management c    
Good 572 27.9 1 

Moderate 928 45.2 1.27 (0.91 - 1.78) 
Poor 553 26.9 1.01 (0.68 - 1.51) 

a, adjusted for gender, age, number of working days last 14 days, education, seniority, previous back injury, 
mental health and low-back pain intensity 

b, repeated measures every 14 days during the year, i.e. accumulated n 
c, measured at baseline 

In 26.4% of the back injury events during patient transfer, the healthcare workers reported that 184 

one or more of the necessary assistive devices were not available. Table 3 shows which assistive 185 

devices that were most commonly lacking when a back injury event occurred. Top four were lack of 186 

sliding sheets (30%), intelligent beds (19%), walking aids (18%) and ceiling lifts (13%).  187 

Table 3. Prevalence as percentage (%) of necessary assistive devices that were lacking in relation to 188 

back injury events among those who stated that one or more assistive devices were lacking. 189 

Assistive device that was lacking Percentage of back injury cases 

Sliding sheet 29.6% 
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Intelligent bed 19.0% 
Walking aids 17.6% 

Ceiling-lift 12.7% 
Floor-lift 12.0% 

Hospital bed 12.0% 
Masterturner, electric 12.0% 

Sling 11.3% 
Wheelchair 9.9% 

Masterturner 9.9% 
Stand-assist lift 8.5% 
Sliding boards 7.8% 
Standing-lift 7.8% 

Gait belt 5.6% 
Toilet-chair, electric 4.9% 

Toilet-chair 4.2% 

4. Discussion 190 

This study investigated physical and psychosocial work environmental risk factors for back 191 

injury during patient transfer among healthcare workers at hospitals. The main findings were that a 192 

higher number of patient transfers as well as poor collaboration between and support from colleagues 193 

were risk factors for back injury. In the specific situations where back injuries occurred, the healthcare 194 

workers often lacked the necessary assistive devices, most commonly sliding sheets, intelligent beds, 195 

walking aids and ceiling lifts.   196 

The number of daily patient transfers was Ȯ in an exposure-response fashion Ȯ a risk factor for 197 

sustaining a back injury during patient transfer. This confirms previous findings in the eldercare 198 

sector [10], although the odds ratios were much higher in the present study. A difference between 199 

these two studies is that the previous study only had a 1-year follow-up questionnaire and not 200 

repeated measures. Because exposure and injury are often temporally related Ȯ i.e. an unexpected 201 

high mechanical load may cause a sudden injury Ȯ using repeated questionnaires increases the chance 202 

of finding an association between exposure and risk of injury two weeks later. However, an injury 203 

may also be preceded by accumulated exposure that ultimately leads to the injury event where a 204 

sudden and unexpected back pain occurs during patient transfer. To account for this we controlled 205 

for low-back pain intensity at baseline, i.e. to account for exposure that may have led to a level of 206 

discomfort or pain, but not (yet) resulted in an actual injury. Likewise, the analysis was controlled 207 

for previous back injury, which is a strong predictor of future injury [31]. Lastly, we controlled for 208 

mental health and lifestyle factors, which have also been linked to the development of low-back pain 209 

[32Ȯ34]. 210 

Aside from physical exposure, this study also evaluated the availability of necessary assistive 211 

devices when a back injury event occurred. Equipment availability constitutes one of the most cited 212 

factors influencing safe patient transfer scenarios [35], and Ȯ perhaps most importantly Ȯ nurses 213 

themselves perceive this as the most effective component in decreasing the frequency of lifting-214 

related accidents [36]. In the present analysis, we report that the most commonly lacking assistive 215 

devices were, in descending order, sliding sheets, intelligent beds, walking aids and ceiling-lifts. 216 

Considering that not only general use of assistive devices decreases the risk of back injury [10], but 217 

also the fact that specific groups of assistive devices are associated with lower physical load than 218 

others (e.g. ceiling-lifts and intelligent beds) (Vinstrup 2019 under review), it remains highly 219 

problematic that healthcare workers consistently report lack of equipment as a reason to engage in 220 

unsafe patient transfers. Further, considering the low cost of the sliding sheet (i.e. a friction-reducing 221 

sheet placed underneath the patient), it seems prudent to make sure that this specific assistive device 222 

is readily available in all departments. 223 

Biomechanical laboratory studies have shown that muscular load during patient transfer is 224 

lower when using the ceiling lift compared to the traditional floor lift [37]. However, another study 225 

showed equally reduced compression forces of the low-back using the ceiling and floor lift [38]. 226 

Similarly, slings also reduce back compression forces albeit not as effectively as lifts [38], whereas  227 

utilizing the sliding sheet has been shown to reduce the biomechanical compression force on the low-228 
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back [16].In contrast, two recent systematic reviews of longitudinal intervention studies found 229 

limited evidence for preventive interventions with assistive devices to reduce musculoskeletal pain 230 

and injuries among healthcare workers [39Ȯ41], indicating that low physical load and the availability 231 

of assistive devices are only part of the puzzle. However, adequate implementation of the 232 

intervention or the description hereof is often lacking in intervention studies, and whether the lack 233 

of preventive effect is due to efficacy-failure or implementation-failure remains uncertain. While 234 

performing multiple randomized controlled trials is unfeasible and costly, well-controlled 235 

prospective cohort studies can provide an alternative approach to shed light on the association 236 

between work-related factors of patient transfer and the risk for back injury.  237 

Regarding the psychosocial work factors, we found that poor collaboration between and support 238 

from colleagues was a risk factor for back injury. This is in line with a review showing that poor social 239 

support may be a risk factor for musculoskeletal disorders among healthcare workers [24]. Thus, 240 

fostering good collaboration between colleagues that can support each other seems to be important 241 

for the local working environment. There may be several explanations for this finding: First, 242 

supporting each other in busy periods may indirectly reduce the physical workload as well as 243 

individual distress. Second, by solving the tasks together in teams, the individual healthcare worker 244 

may reduce the physical workload when dealing with ȁheavyȂ and relatively immobile patients. 245 

Third, it may be easier to find and use appropriate assistive devices when good collaboration between 246 

colleagues exists. Thus, there may be several direct and indirect reasons for the importance of good 247 

collaboration between colleagues in the prevention of back injuries. 248 

Several studies have highlighted good leadership as important for the health of healthcare 249 

workers [25]. Surprisingly, we did not find a significant influence of recognition and support from 250 

the management for the risk of back injury. Nevertheless, it should be remembered that the 251 

management can have an important indirect role by securing a good overall work environment that 252 

facilitates collaboration between and support from other colleagues in situations where needed. In 253 

addition, we did not find a significant association between influence at work and risk of back injury, 254 

although we expected that healthcare workers with a higher degree of influence at work would be 255 

able to better plan their work to avoid unnecessary high workloads and injuries. Nevertheless, 256 

previous studies have reported inconsistent results regarding the importance of influence at work in 257 

relation to health outcomes [42Ȯ44].  258 

Strengths and limitations 259 

The present study has both strengths and limitations. A strength is the repeated-measures 260 

design, which increases the statistical power and allows investigation of the temporal associations 261 

between exposure and risk of injury. Furthermore, recall bias is likely very limited, as the 262 

questionnaires were sent out every 14 days. By contrast, many studies use retrospective reporting of 263 

up to one year of exposure or outcome, which makes recall bias much more likely. A limitation of 264 

such design is the difficulty in getting people to reply repeatedly over a year. Thus, 46% of the 265 

baseline population chose not to participate in the repeated questionnaires during 1-year follow-up. 266 

However, based on the baseline characteristics (Table 1) there were only minor differences between 267 

the responders and non-responders. Furthermore, controlling for a number of confounders increase 268 

the validity of the findings. 269 

Regarding the sample size, we have previously found strong exposure-response associations 270 

between manual lifting and risk of acute back pain using a repeated measures design with less than 271 

100 workers in the supermarket sector [45]. However, to increase the generalizability of the present 272 

study we aimed to include as many healthcare workers from as many hospitals in Denmark as 273 

possible. With a final sample of 2,080 healthcare workers spanning 314 different departments from 274 

17 different hospitals the results are likely generalizable to hospitals in general, although only two of 275 

the five regions in Denmark were represented.     276 

5. Conclusions 277 
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In conclusion, reducing the physical burden in terms of number of daily patient transfers, 278 

providing the necessary assistive devices, and cultivating good collaboration between colleagues are 279 

important for preventing occupational back injuries among healthcare workers.   280 

Author Contributions: LLA designed and lead the study. All authors contributed to the study design, data 281 

collection and data analysis. LLA drafted the manuscript and all co-authors provided critical feedback and 282 

approved the final version.     283 

Funding: Author LLA obtained a grant from the Danish Working Environment Research Fund 284 

(Arbejdsmiljøforskningsfonden) for this study. Grant number 26-2015-09.  285 

Conflicts of Interest: The authors declare no conflict of interest. 286 

Data Sharing Statement: Researchers interested in using the data should contact the project leader Prof. Lars L. 287 

Andersen. 288 

References 289 

1.  GBD 2016 Disease and Injury Incidence and Prevalence Collaborators Global, regional, and 290 

national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 291 

195 countries, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. 292 

Lancet 2017, 390, 1211Ȯ1259. 293 

2.  Griffith, L.E.; Shannon, H.S.; Wells, R.P.; Walter, S.D.; Cole, D.C.; Côté, P.; Frank, J.; Hogg-294 

Johnson, S.; Langlois, L.E. Individual participant data meta-analysis of mechanical workplace 295 

risk factors and low back pain. Am J Public Health 2012, 102, 309Ȯ318. 296 

3.  Lu, M.-L.; Putz-Anderson, V.; Garg, A.; Davis, K.G. Evaluation of the Impact of the Revised 297 

National Institute for Occupational Safety and Health Lifting Equation. Hum Factors 2016, 58, 298 

667Ȯ682. 299 

4.  Andersen, L.L.; Fallentin, N.; Thorsen, S.V.; Holtermann, A. Physical workload and risk of long-300 

term sickness absence in the general working population and among blue-collar workers: 301 

prospective cohort study with register follow-up. Occup Environ Med 2016, 73, 246Ȯ253. 302 

5.  Andersen, L.L.; Thorsen, S.V.; Flyvholm, M.-A.; Holtermann, A. Long-term sickness absence 303 

from combined factors related to physical work demands: prospective cohort study. Eur J Public 304 

Health 2018. 305 

6.  Labriola, M.; Feveile, H.; Christensen, K.B.; Strøyer, J.; Lund, T. The impact of ergonomic work 306 

environment exposures on the risk of disability pension: Prospective results from 307 

DWECS/DREAM. Ergonomics 2009, 52, 1419Ȯ1422. 308 

7.  Sundstrup, E.; Hansen, Å.M.; Mortensen, E.L.; Poulsen, O.M.; Clausen, T.; Rugulies, R.; Møller, 309 

A.; Andersen, L.L. Cumulative occupational mechanical exposures during working life and risk 310 

of sickness absence and disability pension: prospective cohort study. Scand J Work Environ 311 

Health 2017, 43, 415Ȯ425. 312 

8.  Lahelma, E.; Laaksonen, M.; Lallukka, T.; Martikainen, P.; Pietiläinen, O.; Saastamoinen, P.; 313 

Gould, R.; Rahkonen, O. Working conditions as risk factors for disability retirement: a 314 

longitudinal register linkage study. BMC Public Health 2012, 12, 309. 315 

9.  Davis, K.G.; Kotowski, S.E. Prevalence of Musculoskeletal Disorders for Nurses in Hospitals, 316 

Long-Term Care Facilities, and Home Health Care: A Comprehensive Review. Hum.Factors 317 

2015, 57, 754Ȯ792. 318 

10.  Andersen, L.L.; Burdorf, A.; Fallentin, N.; Persson, R.; Jakobsen, M.D.; Mortensen, O.S.; 319 

Clausen, T.; Holtermann, A. Patient transfers and assistive devices: prospective cohort study 320 



Int. J. Environ. Res. Public Health 2019, 16, x FOR PEER REVIEW 9 of 11 

 

on the risk for occupational back injury among healthcare workers. Scand J Work Environ Health 321 

2014, 40, 74Ȯ81. 322 

11.  Byrns, G.; Reeder, G.; Jin, G.; Pachis, K. Risk factors for work-related low back pain in registered 323 

nurses, and potential obstacles in using mechanical lifting devices. J.Occup.Environ.Hyg. 2004, 324 

1, 11Ȯ21. 325 

12.  Engkvist, I.L.; Hagberg, M.; Hjelm, E.W.; Menckel, E.; Ekenvall, L. The accident process 326 

preceding overexertion back injuries in nursing personnel. PROSA study group. Scand J Work 327 

Environ Health 1998, 24, 367Ȯ375. 328 

13.  Smedley, J.; Egger, P.; Cooper, C.; Coggon, D. Prospective cohort study of predictors of incident 329 

low back pain in nurses. BMJ. 1997, 314, 1225Ȯ1228. 330 

14.  Retsas, A.; Pinikahana, J. Manual handling activities and injuries among nurses: an Australian 331 

hospital study. J.Adv.Nurs. 2000, 31, 875Ȯ883. 332 

15.  Jager, M.; Jordan, C.; Theilmeier, A.; Wortmann, N.; Kuhn, S.; Nienhaus, A.; Luttmann, A. 333 

Lumbar-load analysis of manual patient-handling activities for biomechanical overload 334 

prevention among healthcare workers. Ann.Occup.Hyg. 2013, 57, 528Ȯ544. 335 

16.  Skotte, J.; Fallentin, N. Low back injury risk during repositioning of patients in bed: the 336 

influence of handling technique, patient weight and disability. Ergonomics 2008, 51, 1042Ȯ1052. 337 

17.  Marras, W.S.; Davis, K.G.; Kirking, B.C.; Bertsche, P.K. A comprehensive analysis of low-back 338 

disorder risk and spinal loading during the transferring and repositioning of patients using 339 

different techniques. Ergonomics 1999, 42, 904Ȯ926. 340 

18.  European Commision European Commission Occupational health and safety risks in the healthcare 341 

sector; Luxembourg, 2011; 342 

19.  Huntington, A.; Gilmour, J.; Tuckett, A.; Neville, S.; Wilson, D.; Turner, C. Is anybody listening? 343 

A qualitative study of nursesȂ reflections on practice. Journal of Clinical Nursing 2011, 20, 1413Ȯ344 

1422. 345 

20.  Pransky, G.; Benjamin, K.; Hill-Fotouhi, C.; Himmelstein, J.; Fletcher, K.E.; Katz, J.N.; Johnson, 346 

W.G. Outcomes in work-related upper extremity and low back injuries: results of a 347 

retrospective study. Am. J. Ind. Med. 2000, 37, 400Ȯ409. 348 

21.  Garg, A.; Kapellusch, J.M. Long-term efficacy of an ergonomics program that includes patient-349 

handling devices on reducing musculoskeletal injuries to nursing personnel. Hum.Factors 2012, 350 

54, 608Ȯ625. 351 

22.  Martin, P.J.; Harvey, J.T.; Culvenor, J.F.; Payne, W.R. Effect of a nurse back injury prevention 352 

intervention on the rate of injury compensation claims. J Safety Res 2009, 40, 13Ȯ19. 353 

23.  Jakobsen, M.D.; Aust, B.; Kines, P.; Madeleine, P.; Andersen, L.L. Participatory organizational 354 

intervention for improved use of assistive devices in patient transfer: a single-blinded cluster 355 

randomized controlled trial. Scand J Work Environ Health 2019, 45, 146Ȯ157. 356 

24.  Bernal, D.; Campos-Serna, J.; Tobias, A.; Vargas-Prada, S.; Benavides, F.G.; Serra, C. Work-357 

related psychosocial risk factors and musculoskeletal disorders in hospital nurses and nursing 358 

aides: a systematic review and meta-analysis. Int.J.Nurs.Stud. 2015, 52, 635Ȯ648. 359 

25.  Akerjordet, K.; Furunes, T.; Haver, A. Health-promoting leadership: An integrative review and 360 

future research agenda. J Adv Nurs 2018, 74, 1505Ȯ1516. 361 



Int. J. Environ. Res. Public Health 2019, 16, x FOR PEER REVIEW 10 of 11 

 

26.  The National Committee on Health Research Ethics Hvad skal jeg anmelde? Available online: 362 

http://www.nvk.dk/forsker/naar-du-anmelder/hvilke-projekter-skal-jeg-anmelde (accessed on 363 

Oct 19, 2018). 364 

27.  Pejtersen, J.H.; Kristensen, T.S.; Borg, V.; Bjorner, J.B. The second version of the Copenhagen 365 

Psychosocial Questionnaire. Scand J Public Health 2010, 38, 8Ȯ24. 366 

28.  Bjorner, J.B.; Thunedborg, K.; Kristensen, T.S.; Modvig, J.; Bech, P. The Danish SF-36 Health 367 

Survey: translation and preliminary validity studies. J.Clin.Epidemiol. 1998, 51, 991Ȯ999. 368 

29.  Andersen, L.L.; Clausen, T.; Burr, H.; Holtermann, A. Threshold of musculoskeletal pain 369 

intensity for increased risk of long-term sickness absence among female healthcare workers in 370 

eldercare. PLoS ONE 2012, 7, e41287. 371 

30.  Saltin, B.; Grimby, G. Physiological analysis of middle-aged and old former athletes. 372 

Comparison with still active athletes of the same ages. Circulation. 1968, 38, 1104Ȯ1115. 373 

31.  Lipscomb, H.J.; Cameron, W.; Silverstein, B. Incident and recurrent back injuries among union 374 

carpenters. Occup Environ Med 2008, 65, 827Ȯ834. 375 

32.  Picavet, H.S.J.; Verschuren, W.M.M.; Groot, L.; Schaap, L.; Oostrom, S.H. van Pain over the 376 

adult life course: 15-year pain trajectoriesȯThe Doetinchem Cohort Study. European Journal of 377 

Pain 2019, 23, 1723Ȯ1732. 378 

33.  Ribeiro, T.; Serranheira, F.; Loureiro, H. Work related musculoskeletal disorders in primary 379 

health care nurses. Appl Nurs Res 2017, 33, 72Ȯ77. 380 

34.  Boocock, M.G.; Trevelyan, F.; Ashby, L.; Ang, A.; Diep, N.; Teo, S.; Lamm, F. The Influence of 381 

Psychosocial and Patient Handling Factors on the Musculoskeletal Health of Nurses. In 382 

Proceedings of the Proceedings of the 20th Congress of the International Ergonomics 383 

Association (IEA 2018); Bagnara, S., Tartaglia, R., Albolino, S., Alexander, T., Fujita, Y., Eds.; 384 

Springer International Publishing: Cham, 2019; pp. 596Ȯ603. 385 

35.  Kucera, K.L.; Schoenfisch, A.L.; McIlvaine, J.; Becherer, L.; James, T.; Yeung, Y.-L.; Avent, S.; 386 

Lipscomb, H.J. Factors associated with lift equipment use during patient lifts and transfers by 387 

hospital nurses and nursing care assistants: A prospective observational cohort study. 388 

International Journal of Nursing Studies 2019, 91, 35Ȯ46. 389 

36.  Nelson, A.; Matz, M.; Chen, F.; Siddharthan, K.; Lloyd, J.; Fragala, G. Development and 390 

evaluation of a multifaceted ergonomics program to prevent injuries associated with patient 391 

handling tasks. Int J Nurs Stud 2006, 43, 717Ȯ733. 392 

37.  Keir, P.J.; MacDonell, C.W. Muscle activity during patient transfers: a preliminary study on the 393 

influence of lift assists and experience. Ergonomics 2004, 47, 296Ȯ306. 394 

38.  Holmes, M.W.; Hodder, J.N.; Keir, P.J. Continuous assessment of low back loads in long-term 395 

care nurses. Ergonomics 2010, 53, 1108Ȯ1116. 396 

39.  Richardson, A.; McNoe, B.; Derrett, S.; Harcombe, H. Interventions to prevent and reduce the 397 

impact of musculoskeletal injuries among nurses: A systematic review. Int J Nurs Stud 2018, 82, 398 

58Ȯ67. 399 

40.  Hegewald, J.; Berge, W.; Heinrich, P.; Staudte, R.; Freiberg, A.; Scharfe, J.; Girbig, M.; Nienhaus, 400 

A.; Seidler, A. Do Technical Aids for Patient Handling Prevent Musculoskeletal Complaints in 401 

Health Care Workers?-A Systematic Review of Intervention Studies. Int J Environ Res Public 402 

Health 2018, 15. 403 



Int. J. Environ. Res. Public Health 2019, 16, x FOR PEER REVIEW 11 of 11 

 

41.  Vendittelli, D.; Penprase, B.; Pittiglio, L. Musculoskeletal Injury Prevention for New Nurses. 404 

Workplace Health Saf 2016, 64, 573Ȯ585. 405 

42.  Andersen, L.L.; Villadsen, E.; Clausen, T. Influence of physical and psychosocial working 406 

conditions for the risk of disability pension among healthy female eldercare workers: 407 

Prospective cohort. Scand J Public Health 2019, 1403494819831821. 408 

43.  Knardahl, S.; Johannessen, H.A.; Sterud, T.; Härmä, M.; Rugulies, R.; Seitsamo, J.; Borg, V. The 409 

contribution from psychological, social, and organizational work factors to risk of disability 410 

retirement: a systematic review with meta-analyses. BMC Public Health 2017, 17, 176. 411 

44.  Clausen, T.; Burr, H.; Borg, V. Do psychosocial work conditions predict risk of disability 412 

pensioning? An analysis of register-based outcomes using pooled data on 40,554 observations. 413 

Scand J Public Health 2014, 42, 377Ȯ384. 414 

45.  Andersen, L.L.; Fallentin, N.; Ajslev, J.Z.N.; Jakobsen, M.D.; Sundstrup, E. Association between 415 

occupational lifting and day-to-day change in low-back pain intensity based on company 416 

records and text messages. Scand J Work Environ Health 2017, 43, 68Ȯ74. 417 

 418 

 

© 2019 by the authors. Submitted for possible open access publication under the terms 
and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). 

 419 


	1. Introduction
	2. Materials and Methods
	2.1. Study design and population
	2.2. Ethical approval and data protection
	2.3. Predictors
	2.4. Outcome
	2.5. Control variables
	2.6. Statistical analysis

	3. Results
	4. Discussion
	Strengths and limitations

	5. Conclusions
	References


