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Abstract

Purpose: Approximately 25–30% of nursing personnel experience knee pain (KP). We sought to 

identify physical and psychosocial work exposures, and personal factors related to prevalent, 

incident, and persistent KP 5–8 years after safe resident handing program (SRHP) implementation 

in nursing homes.

Methods: Health and exposure information was obtained from worker surveys 5–6 years (“F5”) 

and 7–8 years (“F6”) post-SRHP implementation. Prevalent KP correlates were examined at F5; 

persistent and incident KP predictors were analyzed at F6, utilizing robust Poisson multivariable 

regression.

Results: F5 KP prevalence (19.7%) was associated with combined physical exposures, and with 

either high job strain or low social support, in separate models. Two-year persistent KP was 
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similarly associated with these psychosocial exposures. Being overweight was associated with KP 

in all analyses.

Conclusions: The SRHP program did not eliminate knee physical loading, which should be 

reduced to prevent nursing home worker KP. Workplace psychosocial exposures (high job strain, 

low social support) also appeared germane.
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1 | INTRODUCTION

Occupationally-related musculoskeletal disorders (MSDs) of the knee are common, although 

under-studied. The U.S. Bureau of Labor Statistics reported an incidence rate of 3.1 injuries 

per 10 000 full-time workers in 2015 and a median of 19 days lost per injury.1 Nursing 

personnel worldwide are notably affected by knee pain (KP); typical prevalence rates range 

from one-quarter to one-third.2–5 Moreover, KP is a predictor of leaving the nursing 

profession.6

KP may be the consequence of a variety of knee disorders including osteoarthritis (OA), 

tendinitis, and chondromalacia. A diagnosis of knee OA (determined radiologically) is 

predicated on KP,7 and KP may be a precursor to knee OA.8,9 That is, there may be an 

overlap between the specific disorder of knee OA and non-specific KP.

Prior epidemiologic studies of prevalent KP and knee OA in both occupational and 

population cohorts have examined physical work and to a lesser extent psychosocial work 

exposures. Occupational kneeling/squatting and lifting/carrying have been highlighted as 

etiologically relevant with varying degrees of evidence in literature reviews.10–14 Several 

studies have specifically examined prevalent knee disorders in nursing personnel. Physical 

exposures associated with KP in nurses include patient transfer tasks, especially 

manipulating the patient in bed15; often moving/lifting heavy loads16; and high perceived 

physical exertion.17 Static standing and high-velocity motions or slips and trips in response 

to emergency “save-the-patient” situations may also put stress on the knee joint.18–20

The longitudinal “ProCare” study of nursing home employee health commenced upon the 

implementation of a safe resident handling program (SRHP) in a large long-term care 

corporation. Elements of this multi-component program included purchase of sufficient 

mechanical lifts for the residents in each facility, training, and protocols for lift use.21 The 

overall study objective was to evaluate the effectiveness of the program in terms of physical 

exposure reduction, reduced musculoskeletal symptoms and injury rates, and return on 

investment.

Physical exposures and resident handling activities similar to those noted above were 

observed in this cohort even after the SRHP was implemented.21–23 These included resident 

handling and mobilization activities such as manual and mechanically-assisted transfer of 

residents, lateral repositioning of residents without the use of transfer devices, ambulation 
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assistance, and transporting residents. Additional exposures resulted from direct care tasks 

not addressed by the SRHP, such as dressing, bathing, and toileting residents, along with 

housekeeping tasks such as cart pushing and transport of dirty linens. These load the 

extremities as well as the back; for example, nearly two-thirds of the squatting, kneeling, 

and lunging postures previously observed were during resident handling, dressing, bathing, 

and housekeeping tasks.24 Thus the SRHP reduced the biomechanical load on the back,21 

but did not eliminate all tasks with high physical workload.

The psychosocial work exposures of high job demands, low job control, shift work, and low 

schedule control have been frequently reported in nursing personnel working in long-term 

care.25–27 In the ProCare study, low co-worker and supervisor support, low perceived respect 

from superiors at work and low decision authority were notable and affected general well-

being, especially for nursing aides.28

Musculoskeletal disorder risk may be affected by psychosocial stressors, either directly or as 

effect modifies of physical load.29 But there has been scant investigation of that question 

with regard to the lower extremity to date, and epidemiologic studies of psychosocial risk 

factors in relation to knee disorders have shown mixed results. Absenteeism due to KP in 

nursing personnel was associated with high job demands and low co-worker support,16 and 

KP in taxi drivers was associated with “job stress.”30 However, several other studies have 

been failed to find associations.5,15 Both confounding and effect modification of 

psychosocial stressors by physical workload may complicate interpretation of associations.

Compared with knee disorder prevalence, the prospective literature on knee disorder 

incidence and persistence is sparser. Again, both personal and work-related physical and 

psychosocial risk factors have been reported. For example, onset of KP was associated with 

lifting/carrying heavy loads in one hand as well as with psychological distress.31 In a cohort 

of men employed by a national power utility, long-term occupational exposure to squatting 

was associated with incident knee pain.32 Carrying/handling heavy loads and kneeling were 

associated with persistent knee pain in a large working population,33,34 and knee pain 

persistence of forestry workers was related to both job dissatisfaction and trunk twisting.35

Two studies have examined the effects of patient handling interventions on knee disorders in 

health care settings. Knee “comfort” among hospital workers was significantly improved at 

6 months following the introduction of mechanical patient lifts and training.36 On the other 

hand, the Ohio Bureau of Workers’ Compensation saw no reduction in the knee injury claim 

rate in nursing homes following training, consulting, or lift and other equipment purchases.
37

The goal of this study was to identify work-related and personal factors associated with KP 

among nursing home employees both cross-sectionally and prospectively. The analyses 

focused on prevalence, cumulative incidence, and persistence of knee pain in survey data 

over a 2-year period, several years after the SRHP had been fully implemented.
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2 | MATERIALS AND METHODS

2.1 | Study cohort and survey instrument

The ProCare study of nursing home employee health began in 2006. One survey was 

conducted 5–6 years after the SRHP was implemented (“F5”), in 24 facilities from one 

nursing home corporation located on the U.S. East coast (2012–2013). The survey was 

repeated 2 years later, at 7–8 years (“F6”) post-SRHP (2014–2015). One facility surveyed at 

F5 had closed prior to F6.

Questionnaires were self-administered. Items included physical and psychosocial work 

exposures, recent medical history (prior knee injury, chronic disease), health behaviors such 

as smoking status (current/former/never) and frequency of intense aerobic exercise, 

demographic characteristics (age, race, gender, height, weight, marital status, years of 

education), work-family imbalance, holding a second job, frequency of assault by residents 

in the prior 3 months, years of seniority, and job title. This study was approved by the 

Institutional Review Board of the University of Massachusetts Lowell. Written informed 

consent was obtained from all individual participants included in the study.

2.2 | Outcome and variable construction

The study outcome, knee pain (KP), was defined as pain in the knee during the last 3 months 

(as indicated on a pain diagram), with at least mild severity during the prior week. Chronic 

disease was defined as a history of diagnosis or treatment for any of: high cholesterol, 

diabetes, and hypertension. Body mass index (BMI) was computed from questionnaire 

height and weight responses in the standard way, and obesity defined as BMI ≥ 30.38 

Frequency of intense aerobic exercise was ascertained through the question, “How many 

times a week on average do you exercise to work up a sweat (at least 20 min per session, 

e.g., fast walking, jogging, bicycling, swimming, rowing, etc.)?”

The psychosocial work exposures of decision latitude (range: 2–8), psychological job 

demands (range: 2–8), and social support (sum of co-worker support and supervisor support; 

range: 4–16) were assessed through a short version of the Job Content Questionnaire (JCQ).
39 Job strain (high demands and low control) was defined as the combination of low decision 

latitude (≤5) and high psychological job demands (>5).

Occupational physical exposures were assessed through self-reported items (rapid 

continuous physical activity, heavy lifting, kneeling/squatting, whole body awkward posture, 

head and arm awkward posture), each answered using a four-point Likert scale (strongly 

disagree, disagree, agree, strongly agree). A composite score for physical workload (range: 

5–20) was constructed as the mean of the five ratings. Frequency of resident lift device 

usage, work-family imbalance, schedule control, and physical assault were defined as 

previously described.40,41

2.3 | Data analysis

Prevalent KP was assessed cross-sectionally in the entire F5 data set. Incident and persistent 

KP were assessed at F6 among respondents to both surveys. Inclusion for persistence of KP 
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at F6 was restricted to those with KP at F5, and cumulative incidence at F6 was estimated 

among those with no KP at F5. Single predictor and multivariable robust Poisson regression 

models were constructed to determine the association of KP with occupational and other 

factors. Robust Poisson regression modeling was used, as most of our multivariable log-

binomial models did not converge.42

The modeling approach focused on estimating associations with KP and on identifying 

potential confounders, beginning with testing the prior hypothesis that physical exposures 

and psychosocial exposures at work were associated with KP. Survey data on independent 

variables from F5, including work exposures, demographic characteristics, and health 

behaviors, were utilized in both the cross-sectional (prevalence) and longitudinal 

(cumulative incidence, persistence) analyses (see Table 1).

The covariate inclusion criterion was P < 0.05. Confounding was defined as a change of 

20% or more in the computed risk estimate of the primary physical or psychosocial exposure 

in the model. Two-way effect modification between these exposure variables and other 

covariates was also assessed, with a P-value of <0.05 required for retention. To determine 

the most appropriate model fit, the quasi-likelihood information criterion (QIC) was used. 

Smoothing utilizing SAS PROC LOESS was used to visualize the estimated risk of KP and 

BMI, stratified by job strain. SAS 9.4 (SAS Institute Inc., Cary, NC) was used for all 

statistical analyses.

3 | RESULTS

A total of n = 4526 workers were eligible at F5. The response rate to the F5 survey was 58% 

(n = 2642) (Figure 1), and at F6 it was 67% of eligible workers (n = 1237). The majority of 

study respondents (e.g., 55.3% at F5) consisted of clinical staff, mainly nurses and nursing 

aides. Most of the other respondents were rehabilitation professionals, food service workers, 

and housekeepers.

Survey respondents had a mean age of 41.6 (SD = 13.1) years, with an average seniority of 

10.1 (SD = 9.5) years (Table 1). Eighty-two percent were female, and 61% were college-

educated. The majority (54.1%) was white, and 28.5% were African American. Almost one-

third had been diagnosed with a chronic disease, and 66.8% had a BMI greater than 

“normal” (≥25). Thirty-two percent of respondents were classified as obese. Approximately 

one-fourth engaged in intense exercise three or more times per week, and 65% had never 

smoked. The distributions of gender, age, and race were almost identical to those of the total 

workforce in 2012 (unpublished data provided by the company).

Among the F5 survey participants, n = 520 (19.7%) reported KP and were therefore eligible 

for analysis of KP persistence. Of these, 253 (48.6%) were lost to follow-up, including 17 

who were in the facility that closed. A total of 2122 cohort members had no KP at F5 and 

thus were eligible for analysis of incident KP at F6. Just over one-half of these (n = 1152, or 

54.3%) were lost to follow-up, including 98 who were in the closed facility.
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3.1 | Prevalent knee pain

KP was more prevalent in nursing personnel than in other workers (22.1% vs 16.7%, P = 

0.0005, chi-square test). In univariate modeling, knee pain at F5 was associated with both 

physical and psychosocial work exposures, including the composite physical exposure score 

(prevalence rate ratio (PRR) = 1.03 [1.00–1.05]), psychological job demands (PRR = 1.09 

[1.02–1.17]) and job strain (PRR = 1.30 [1.10–1.54]) (Table 1). Social support was 

negatively associated with KP. Other positive associations were found for knee injury during 

the prior 12 months, history of chronic disease, BMI (continuous) and particularly obesity, 

female gender and increasing age. Neither frequency of lift device used, schedule control, 

smoking, nor intense leisure-time exercise was associated with KP.

Two multivariable robust Poisson regression models of KP prevalence were constructed. The 

first model showed a positive association with the composite physical exposure score (PRR 

= 1.03 [95%CI: 1.01–1.06]), and a protective effect of social support (PRR = 0.97 [0.94–

1.01]) (Table 2, Model A). These were adjusted for serious knee injury in the prior 12 

months, obesity, gender, and age. The second model was the same as the first, except that 

job strain was substituted for social support (Table 2, Model B). In this model, job strain had 

a positive association with KP (PRR = 1.29 [1.07–1.55]). It was not possible to fit a model 

with the three workplace exposures of composite physical exposure score, job strain, and 

social support. A model with psychological job demands instead of job strain or social 

support, constructed with identical covariates to the previously mentioned models, yielded a 

marginally significant prevalence ratio of 1.07 (95%CI: 0.99–1.16) for the work exposure 

(not shown in Table 2) (composite physical exposure score and psychological job demands: 

Pearson’s r = 0.25 (P < 0.0001). None of these models showed evidence of confounding or 

interaction with exposure of prior knee injury, obesity, gender, age, chronic disease, 

intensive physical exercise frequency, or number of assaults in the last month.

3.2 | Incident knee pain

The health behaviors and work exposures of those who were lost to follow-up at F6 were 

substantially similar to those who were surveyed at that time period. The only exceptions 

were that cohort members lost to follow-up were more likely to have a college or post-

graduate education, slightly more likely to be white, and about 2 years less senior with the 

company.

The 2-year cumulative incidence of KP was 14.5% (141/970) (Table 3). In multivariable 

modeling, new KP at F6 was associated with F5 psychological job demands and number of 

hours worked (Table 4). BMI and prior knee injury also predicted new KP. There was no 

confounding or effect modification of psychological demands by prior knee injury, BMI, 

gender, age, chronic disease, intensive physical exercise frequency, or number of assaults in 

the last month.

3.3 | Persistent knee pain

Knee pain persisting from F5 to F6 was experienced by n = 135 (50.6%) of those with the 

condition at F5 who were followed up (Table 3). Two multivariable robust Poisson 

regression models were constructed (Table 5). Each model showed a small positive effect of 
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both BMI and age. In Model A, decreased social support at work predicted persistent KP 2 

years later. For this model, there was no confounding or effect modification with social 

support by prior knee injury, gender, BMI, age, chronic disease, intensive physical exercise 

frequency, or number of assaults in the last month.

In Model B, job strain (PRR = 4.87 [1.42–16.74]) was separately associated with continued 

KP. The same covariates were tested, and job strain also appeared to modify the effect of 

BMI. With no job strain, BMI (from a threshold of approximately 30), increased the risk of 

persistent KP (Figure 2). However, in the presence of job strain, BMI did not influence the 

estimated risk of persistence.

4 | DISCUSSION

In this longitudinal cohort of nursing home personnel, the prevalence of KP about 5 years 

following a safe resident handling program was 20% among all respondents, and 22% in 

nursing personnel. This is well within the range of 16–61 percent reported in other studies of 

nursing personnel.2–5,43–46 Prevalent KP was associated with self-reported work exposures, 

after adjusting for other known risk factors. Separately, both a composite physical exposure 

score and psychosocial job strain were positively associated with KP, while social support at 

work appeared protective. Similarly, high job strain and low social support reported in the 

first survey predicted persistent KP 2 years later. Further, incident KP was associated with 

earlier psychological job demands and the number of hours worked per week. Given that 

psychological demands is one element of job strain, this represents qualitatively a high 

degree of concordance in the identified risk factors among three different analyses.

4.1 | Physical occupational exposures and knee pain

We observed an association between KP and the sum of self-reported physical exposures 

involving heavy lifting, kneeling and squatting, rapid continuous physical activity, and 

awkward postures. Combinations of physical exposures that increase biomechanical load on 

the knee have previously been shown to be associated with knee disorders. For example, KP 

in nurses was associated with self-reported patient transfer tasks15; such tasks often include 

a combination of heavy lifting, and awkward body and head/arm postures. Several other 

studies have found an increased risk of knee OA when occupational heavy lifting was 

combined with knee flexion or kneeling/squatting.47–52

Although epidemiologic evidence is ample, the pathomechanisms by which physical 

stressors may lead to knee disorders are still unclear. Repetitive loading of the knee may 

induce microinjuries of the cartilage, leading to collagen breakdown and OA.48 An 

inflammatory cascade with accompanying pain may follow (see Section 4.3 below). During 

kneeling, contact forces between the tibia and femur increase, with concomitant decrease in 

contact area in the tibiofemoral joint, thus increasing the likelihood of degenerative changes, 

particularly in the meniscus.53,54 Heijink et al,55 and Englund56 provide detailed 

descriptions of the role of biomechanics in knee OA.
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4.2 | Psychosocial occupational exposures and knee pain

Previous studies of prevalent knee disorders offer mixed results with regard to occupational 

psychosocial exposures. In nursing personnel, neither job demands, job control, nor social 

support was associated with KP.5 Job stress in taxi drivers was associated with KP, while job 

dissatisfaction was not,30 although the latter is more logically characterized as an 

intermediate variable, or even an outcome of occupational stressors. In another study of 

nurses, prevalent KP was not associated with time pressure or work stress.15

In the current study, psychological job demands were associated with incident KP. Jones et 

al31 found associations of 2-year incident KP with general psychological distress (from the 

General Health Questionnaire57), job monotony, and lack of job control. They defined a 

monotonous job as one that was “monotonous or repetitive greater than half of the time.” 

Therefore, it is unknown whether their finding reflects physically repetitive work, or work 

that is minimally mentally stimulating (or both).

Few other studies have examined psychosocial factors and KP persistence, specifically. 

Miranda et al.35 found an association between job dissatisfaction and persistent KP. We 

found an association with job strain (for both prevalent and persistent KP), and certainly 

persons with job strain may experience job dissatisfaction. To our knowledge, ours is the 

first study that has examined the association between persistent KP and either job strain or 

social support.

Low social support was associated with both prevalent and persistent KP in the current 

study. We postulate that the most likely mechanism for this is either instrumental (tangible) 

or informational. If workers perceive low social support from coworkers and/or supervisors, 

they may attempt challenging physical tasks on their own rather than asking for help. For 

clinical staff this may mean they are performing manual transfers of residents on their own, 

resulting in excess physical loading, which over time may lead to knee (or other) MSDs. 

Alternatively, workers with low social support may not feel comfortable asking for or 

receiving advice from other workers about how to manage physically difficult tasks, 

excessive loads or high time pressure.

As is customary, our job demands variable was partially derived from a JCQ item, “my job 

requires working very hard,” which may be subject to differing interpretations. Depending 

on the nature of their jobs, workers may understand this question as referring to physical 

workload rather than—or in combination with—psychological demands. A study of 

university workers in multiple occupations reported on “collaborative interviews” that 

explored the interpretation of this item.58 Workers who performed more physical tasks on 

the job (maintenance and trade workers, police officers) tended to interpret the item as 

representing physical aspects of their job, in contrast to administrative/middle management 

and research office staff who interpreted it to be a psychological demand question. A later 

focus group in firefighters similarly reported confusion as to whether it was intended to 

assess physical or psychological demands.59 Karasek et al.60 also noted possible ambiguity 

in interpretation of the “work very hard” question. We could not ask the nursing home 

workers in this study directly but they also might have been more likely to interpret this 

question as a physical demand, due to the physical nature of tasks they perform.
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If it is not mediated through physical load, psychosocial job strain might influence 

musculoskeletal pain through other mechanisms. For example, muscles may tense up when 

an individual experiences stress without sufficient time to relax.61 The concomitant localized 

decreased blood flow may affect MSD risk through a variety of mechanisms.62 

Alternatively, high job demands may influence mechanical load through changes in posture 

or acceleration.29

Separately, elevated cortisol may be elevated with increased job strain63–68 and low social 

support,67–69 although evidence is mixed. Cortisol inhibited the action of pro-inflammatory 

cytokine interleukin (IL)-1beta on glucose uptake in human articular cartilage in vitro, thus 

reducing chondrocyte metabolic activity.70 This may inhibit cartilage repair, and thus may 

be germane to the pathomechanisms of knee OA.

4.3 | Obesity and knee pain

In the present study, workers with higher BMI scores had more prevalent, incident, and 

persistent KP. Obesity is a well-established risk factor for knee disorders and has been 

previously described in prevalent,5,71–78 incident,9,34,35 and persistent33,79–81 knee 

morbidity.

There are several pathways whereby overweight/obesity may be related to persistent painful 

knee disorders, such as knee OA. First, excessive loading on the knee may affect joint 

biomechanical properties, including irreversible destruction of collagen in cartilage.82 

Mechanoreceptors on chondrocytes may be activated by joint overloading resulting in 

metalloproteinase production, which acts to degrade cartilage extracellular matrix (ECM).83 

Activated mechanoreceptors may also secrete IL-1, which acts as a pro-inflammatory.83 

Further, adipose tissue secretes inflammatory-influencing substances such as leptin, 

andiponectin, and resistin.84 Serum inflammatory markers have been shown to be associated 

with knee cartilage loss85,86 and with increased perception of pain.83 A positive feedback 

loop may be at play whereby obese individuals with OA become less mobile, leading to 

further weight gain.87

Several studies have shown an interaction between occupational physical exposures and 

BMI for knee OA. In Coggon et al,88 the interaction of occupational kneeling and squatting 

with obesity was approximately multiplicative. Similarly, in another population, a nearly 

multiplicative interaction was observed between each of lifting/ carrying and kneeling/

squatting exposures with BMI.89

However, we know of no study that reported an interaction between psychosocial job factors 

and BMI in association with KP. In the present study, it appears that when job strain is 

present, it overshadows the effect of BMI in its association with KP persistence. Again, job 

strain may be serving at least in part as a surrogate for physical exposure. The relative 

contribution of BMI and job strain to the persistence of KP (and perhaps other 

musculoskeletal pain) warrants further research.
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4.4 | Study strengths and limitations

This study had a relatively large loss to follow-up between F5 and F6 (46.8%), resulting 

from an unknown mix of workers either leaving their jobs during that interval or choosing 

not to participate in the second survey. Included in this loss to follow-up, one of the nursing 

homes closed in the 2 years between study periods (n = 115); obviously it was impossible to 

follow up with these individuals, but they were a small proportion overall. The response rate 

in the later survey was higher than in the earlier one, so we infer that leaving the job was 

likely a predominant reason. Unfortunately, we could not track individuals by name in the 

company roster to confirm or refute this.

High worker turnover in the long-term care sector is not unusual. The median annual 

turnover rate in 2013 for clinical staff in U.S. skilled nursing care facilities was 44%.90 

Annual turnover rates have been documented to range as high as 55–85% for nurses,91,92 

and in excess of 100% for nursing aides.92–94

A proportion of any turnover in the current cohort may have been due to work-related 

injuries or illnesses. Specifically, those with KP might have been more likely to leave work, 

especially those who were also experiencing more physical workload or psychosocial job 

strain. This healthy worker survivor effect, if the nursing home workers who remained 

employed were both healthier and less exposed than those who left work, could have 

resulted in an underestimation of KP at F6 as well as of its association with any exposures 

that also predicted leaving work.

Because survey data were self-reported, there is potential for recall bias in cross-sectional 

analyses of risk factors for KP prevalence. In particular, individuals with KP might have 

been more likely to over-recall any exposures that aggravated their symptoms. This would 

have resulted in under-estimation of the associations between exposure and KP. 

Additionally, since the prevalence analyses were cross-sectional in nature, there is temporal 

ambiguity associated with results from these analyses, meaning that we cannot demonstrate 

that the exposures preceded the development of KP.

Although log-binomial models estimate the prevalence rate ratio directly, we used robust 

Poisson regression modeling because of its better convergence properties.42 These two 

model types give slightly different estimates.95 Due to the small sample sizes available for 

prospective analysis, there was insufficient power for nested models. It is not clear how this 

would have influenced our results (see41 for a further discussion). Smoothing regression 

exercises, such as that used here to investigate the interaction between BMI and job strain, 

are typically used for exploratory hypothesis development rather than investigation of causal 

relationships. These analyses can provide insight into potential causality, but one should be 

cautious to avoid over-interpretation.

It is unknown whether the KP reported by the nursing home workers is reflective of OA, 

tendinitis, bursitis, chondromalacia, or another disorder, as there were no clinical 

examinations or radiological scans. Since the mean age of the nursing home workers was 

41.6 years, and the most common cause of chronic KP in persons aged 50 and above is OA,
10 it is quite possible that many in our sample had knee OA. However, the relationship 
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between knee pain, radiological findings indicative of OA, and a confirmed OA diagnosis is 

not straightforward. A study of NHANES respondents81 reported that only 15% of those 

with KP had radiologic changes signifying OA. On the other hand, in two longitudinal 

population-based studies, KP was a risk factor for progressive radiographic knee OA.8,9 In 

the present material, we cannot determine to what extent KP is serving as either a surrogate 

for OA or as a precursor to OA.

It was not possible to determine whether all incident pain at follow-up was truly new. The 

questionnaire item asked about KP in the prior 3 months, so earlier episodic KP between F5 

and F6 may not have been captured. Also, our questionnaire only asked participants to report 

knee injuries during the previous year. As prior knee injuries have been associated with 

incident KP in previous studies,9,33 the lack of information on earlier (lifetime) knee injuries 

may have produced some unmeasured confounding by prior injury.

Few studies have examined determinants of KP following an intervention involving 

mechanical lifts and training. The current study adds to this literature. The surveys 

conducted were comprehensive, with questions covering many domains of health, health 

behaviors, and working conditions. This allowed for exploration of many personal and work-

related factors for associations with KP. The large study population allowed for adjustment 

for many confounders and testing for effect modification in multivariable modeling.

5 | CONCLUSION

Most studies of MSDs in healthcare workers have focused on the low back; other body areas 

have been understudied.96 The current prospective study adds to the understanding of factors 

associated with prevalent, incident, and persistent KP in this sector. Prevalent KP in nursing 

home workers 5 years after a SRHP intervention was associated with both self-reported 

physical exposures and psychosocial job strain, while social support reduced KP risk. 

Similarly, high job strain and low social support were related to persistent KP over 2 years. 

Incident KP during this 2-year period was associated with number of hours worked per week 

and with psychological job demands. BMI was a notable predictor for all three health 

outcomes. Workplace physical exposures to the knee still presented after implementation of 

a SRHP,21,22 due to both resident handling and other tasks. Measures should be taken to 

reduce psychosocial strain in these jobs. Workplaces can be more health-promoting through 

showing respect for staff at all levels, fostering good supervision and supporting co-worker 

relationships, and involving workers in decision-making. In addition, nursing home workers 

should be assisted to lose weight to protect against KP, even after SRHP programs are 

instituted.
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FIGURE 1. 
Flow chart showing participation in nursing home workers longitudinal cohort, 2012–2015. 

KP: knee pain [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2. 
Estimated risk of persistent knee pain due to BMI at low job strain [Color figure can be 

viewed at wileyonlinelibrary.com]
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