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Ergonomic and Socioeconomic Risk Factors for
Hospital Workers’ Compensation Injury Claims

Jon Boyer, ScD,1� Monica Galizzi, PhD,2 Manuel Cifuentes, MD, ScD,1

Angelo d’Errico, MD,3 Rebecca Gore, PhD,1 Laura Punnett, ScD,1 Craig Slatin, ScD4

and the Promoting Healthy Safe Employment (PHASE) in Healthcare Team

Background Hospital workers are a diverse population with high rates of musculoske-
letal disorders (MSDs). The risk of MSD leading to workers’ compensation (WC) claims is
likely to show a gradient by socioeconomic status (SES) that may be partly explained by
working conditions.
Methods A single community hospital provided workforce demographics and WC claim
records for 2003–2005. An ergonomic job exposure matrix (JEM) was developed for these
healthcare jobs from direct observation of physical workload and extraction of physical
and psychosocial job requirements from the O*NET online database. Occupational
exposures and SES categories were assigned to workers through their O*NET job titles.
Univariate and multivariate Poisson regression analyses were performed to estimate the
propensity to file an injury claim in relation to individual factors, occupational exposures,
and SES.
Results The jobs with the highest injury rates were nurses, semi-professionals, and semi-
skilled. Increased physical work and psychological demands along with low job tenure
were associated with an increase in risk, while risk decreased with psychosocial rewards
and supervisor support. Both occupational and individual factors mediated the
relationship between SES and rate of injury claims.
Conclusions Physical and organizational features of these hospital jobs along with low
job tenure predicted WC injury claim risk and explained a substantial proportion of the
effects of SES. Further studies that include lifestyle risk factors and control for prior
injuries and co-morbidities are warranted to strengthen the current study findings. Am. J.
Ind. Med. 52:551–562, 2009. � 2009 Wiley-Liss, Inc.
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INTRODUCTION

Hospital work is known to involve high ergonomic

exposures and risks of musculoskeletal disorders (MSD) and

other work-related injuries [Fuortes et al., 1994; Smedley

et al., 1997; Engkvist et al., 2000; Goldman et al., 2000;

Bureau of Labor Statistics, 2007a]. In addition, work

environment exposures have recently begun to gain attention
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among social and occupational epidemiologists as potential

predictors of health disparities [Rosenberg et al., 2001;

Krause et al., 2005; Lipscomb et al., 2006; Barbeau et al.,

2007; Quinn et al., 2007]. Although early research in the area

focused on cardiovascular disease [Marmot et al., 1998] and

mental health outcomes [Wohlfarth, 1997], there are only a

few studies of disparities in musculoskeletal health outcomes

among working populations [Borg and Kristensen, 2000;

Melchior et al., 2005]. In particular, workplace exposures to

physical loads and psychosocial stress factors are suspected

for their potential affects on the pathway between SES and

musculoskeletal health but have rarely been examined in a

specific industrial sector.

The healthcare industry setting is well suited for

examining the complex relationships between socioeco-

nomic status (SES) and musculoskeletal health outcomes. A

major sector of the U.S. economy, its workforce encompasses

a wide-range of occupations, physical and psychosocial

exposures, educational levels, and incomes. The industry has

high rates of work-related injuries, with strain/sprain and

back injury rates being particularly high among a number of

identified occupational groups in the healthcare sector

[Jansen et al., 2004; Bureau of Labor Statistics, 2005;

Waehrer et al., 2005].

In two recent studies of U.S. hospital workers, physical

workload and psychosocial working conditions explained a

greater proportion of risk of OSHA log injury reports

[d’Errico et al., 2007] and self-reported musculoskeletal

symptoms and physician diagnosed injuries [Gillen et al.,

2007] than did SES. Dement et al. (2004) found that working

conditions, African American race, and female gender were

strong independent predictors of hospital nurses’ compensa-

tion injuries but SES was not specifically examined in that

study. These findings have improved our understanding about

how working conditions are related to gradients between SES

and ill health but additional studies are needed to clarify

risk pathways between specific exposure types and health

outcomes.

Injuries reported to workers’ compensation (WC)

systems are often used to estimate incidence of health

outcomes and success of interventions in musculoskeletal

epidemiology studies [Silverstein et al., 1997; Sorock et al.,

1997; Evanoff et al., 1999; Goldman et al., 2000; Chhokar

et al., 2005; Trinkoff et al., 2005]. Despite potential

underreporting to passive surveillance systems, the increas-

ing costs of epidemiologic studies, difficulty gaining direct

access to working populations, and common availability of

administrative data ensures that WC records will continue to

be used as an important resource for occupational health and

safety research.

This study was a component of a larger project focused

on the health disparities of healthcare workers, Promoting

Healthy and Safe Employment (PHASE) in Healthcare

[Slatin et al., 2004]. The specific aims of this component

were: (1) to describe the frequency of hospital WC claims for

back injuries, strain & sprain injuries, and all injuries by SES;

(2) to estimate the likelihood of WC claims associated with

selected physical workload, work organization, and psycho-

social exposures from a new healthcare industry job exposure

matrix (JEM) developed for this study population; and (3) to

explore the degree to which ergonomic exposures from the

JEM explain differences in relative risk for reported injuries

associated with socioeconomic SES.

MATERIALS AND METHODS

Data Collection and Management

Study setting and recruitment

The target population included all actively employed

workers of 18 years or older (2003–2005) in a single hospital

in northeastern Massachusetts, United States. The hospital

was a privately owned 115-bed community hospital employ-

ing 1483 employees and providing the full range of

traditional inpatient and outpatient services. The project

was approved by the institutional review boards (IRB) of the

University of Massachusetts Lowell and the facilities where

the research was conducted.

Administrative data sources

Workforce rosters were obtained from the hospital from

each year of the study period (2003–2005). Variables

extracted were employee name, job title, hourly wage, type

of contract (full-time, part-time, per diem, etc.), date of hire,

gender, date of birth, race, and hours worked per week

(Table I). Per diem workers were assumed to work 18.6 hr

per week on average [Cifuentes et al., 2008]. WC data were

obtained from the hospital’s insurance company records for

the same 3-year period.

A 5-category SES classification scheme specific to the

healthcare industry was developed for this study by the

PHASE research team [d’Errico et al., 2007]. Facility job

titles were classified according to their level of responsibility

in the workplace hierarchy and education requirements

(Table I). Nurses were classified as ‘‘professionals’’ but were

treated separately in these analyses because they comprised

such a large proportion of the study population, had known

differences in exposure distributions compared to other jobs

in the professional category, and were expected to have

elevated injury risks compared to other job groups.

Exposure data source

Standard Occupational Codes (SOC) were assigned to

each facility job title. A newly developed ergonomic JEM

provided information about working conditions and was
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constructed for this study from locally observed and nation-

ally available data sources [Boyer, 2008b]. Healthcare

workers from job titles within this and three other

Massachusetts healthcare facilities were observed [Boyer,

2008a] with a modification of the PATH (Posture, Activities,

Tools, and Handling) method [Buchholz et al., 1996] from

2003 to 2005. Each observed worker was a volunteer who

gave individual written informed consent in a language of

his/her choice. Proxy ergonomic exposure variables were

extracted from the O*NET database [National Research

Council, 1999] (http://www.onetcenter.org/database.html).

Average exposure estimates were computed for physical

workload (manual handling, force requirements, bending

and twisting, etc.) and organization factors (time pressure

and safety hazards) for each JEM job code from matched

exposure data from the PATH observations and the O*NET

OnLine database. Psychosocial stress factors were extracted

directly from O*NET and validated according to statistical

methods described previously [Cifuentes et al., 2007]. These

latter predictors were selected to approximate the factors of

psychological demands, decision authority, job strain, and

supervisor support from the job content questionnaire (JCQ)

[Karasek et al., 1998] and rewards from the effort reward

imbalance (ERI) Questionnaire [Siegrist, 1996]. For exam-

ple, the O*NET rewards scale was approximated by

extracting all the variables that conceptually matched the

three sub-dimensions of the original rewards scale developed

by Siegrist (representing employees’ perceptions about:

(1) levels of respect for the work they do; (2) job security; and

(3) opportunities for promotion, increased income, and

professional development).

Data management

Investigators coded the free text descriptions of the type

of incident, nature, and agent of the injury, and body part

injured. Workforce rosters and the WC database were

matched on workers’ names to produce a person-level

database with the denominator of full-time employee

equivalent (FTE) workers at risk and the number of claims

filed by each individual during the study period. O*NET job

codes had previously been assigned to all individuals in the

population [Cifuentes et al., 2007; d’Errico et al., 2007].

Thus all ergonomic exposures were assigned to all cases and

TABLE I. Population Demographics, Scheduled Hours, Facility Tenure, and Socioeconomic Status of all Hospital
Workers, and Thosewith Injury Claims, Employed from 2003 to 2005

Population descriptor All hospital employees, n (%) EmployeeswithWC claims, n (%)

Study population
All adult employees 1468 (100) 288 (19.6)
Non-white 132 (9.0) 23 (7.9)
Female 1180 (80.4) 230 (79.9)
Per diem 354 (24.1) 33 (11.4)

Tenure
<2 years 113 (7.7) 79 (27.4)
2^10 years 785 (53.4) 108 (37.5)
11^20 years 273 (18.6) 50 (17.4)
>20 years 297 (20.3) 51 (17.7)

SES
Administrators 55 (3.7) 3 (1.0)
Professionals 227 (15.5) 34 (11.8)
Nurses 358 (24.4) 105 (36.5)
Semi-professionals 276 (18.8) 62 (21.5)
Skilledworkers 445 (30.3) 59 (20.4)
Semi-skilledworkers 107 (7.3) 25 (8.7)

Population descriptor All hospital employeesmean (std) EmployeeswithWC claimsmean (std)
Weekly hours scheduled
All Employees 29.0 (10.8) 33.7 (8.7)
Regular 32.4 (10.3) 35.6 (7.2)
Per diem 18.6 (0.0) 18.6 (0.0)
Hourly rate 21.4 (12.7) 21.4 (8.3)

Age 42.2 (12.8) 42.3 (11.7)
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non-cases by merging the WC and workforce rosters

database with the JEM through O*NET job code.

Data Analysis

Spearman correlations were computed between all pairs

of JEM variables and between selected exposures from the

JEM database and SES. Cronbach’sawas computed to assess

the internal consistency of the various exposure scales.

Incidence rates per 100 FTE were estimated for all

injuries, strains & sprains, and back body part by PHASE

SES and for O*NET job codes with at least five total injuries.

Univariate and multivariate relative risks and 95% con-

fidence intervals were estimated for all injuries, strains &

sprains, and back body part claims associated with SES, JEM

exposures, and individual worker factors, in a prospective

design, with ungrouped Poisson regression analyses. Risk

models for the ‘‘all injuries’’ case group used the admin-

istrator SES job category as the reference. However, since

there were no strain & sprain or back injuries in the

administrator group, the next highest SES category (pro-

fessionals other than nurses) served as referents when

modeling risk estimates for those outcomes. Outcomes were

entered as count data for each individual worker and JEM

exposures were transformed to represent 10% increments in

their standardized continuous exposure scales according to

methods described by the O*NET online administrators

(www.onetcenter.org).

Multivariate models were fit with SES entered into all

models. JEM exposures were included in preliminary

multivariate models if they had theoretical plausibility for

predicting the outcome of interest; statistical significance in

univariate analyses of �0.1; and if they were not highly

correlated with other variables in the same model. Race,

gender, and age were included in all models.

Variables were retained if they had a statistical

significance of P< 0.05 or changed other variable coef-

ficients by�15% when removed. Model fit was assessed with

the log-likelihood statistic. Dispersion of the Poisson

distribution was evaluated with the w2 divided by degrees

of freedom statistic (w2/df). All statistical operations were

performed with SAS 9.1 software for Windows, Cary, N.C.

Poisson models were produced from Proc Genmod with the

log of FTE as the offset, Poisson distribution selected, and log

link option chosen.

RESULTS

Population Characteristics

Hospital workforce rosters included information for

1468 employees (Table I). Employees were predominately

female (80.4%) and white (91.0%) and had an average age of

43 (þ/�19). Regular employees were scheduled to work an

average of 32.4 h per week. Per-diem employees comprised

24% of the population. Average hospital tenure was around

10 years with around 8% being employed less than 2 years

and over 20% being employed over 20 years. The largest SES

category was skilled workers (30.3%), followed by nurses

(24.4%), semi-professionals (18.8%), professionals other

than nurses (15.5%), semi-skilled workers (7.3%), and

administrators (3.7%). Not surprisingly, the mean job tenure

was highest among high SES groups (Table I).

JEM Exposures

All physical exposures were strongly correlated with

each other, excluding only repetitive motions (not shown but

available upon request). Cronbach’s as for scales from the

work organization and psychosocial domains ranged from

0.76 to 0.95 and were all statistically significant at P< 0.05.

The weighted sum physical workload scale had a Cronbach a
of 0.95 (P< 0.000).

Spearman correlations between SES and occupational

exposures were mostly in the expected directions but many

were weak. In contrast, psychological demands, decision

latitude, and rewards were mostly strong and positively

correlated with SES while job strain and supervisor support

were negatively correlated.

Injury Rates

There were 381 total WC claims from the hospital work-

force during the 3-year study period. Two hundred eighty-

eight employees (20%) reported at least one injury with the

range of 0–4 injuries per worker, and 26% of all injured

workers (5% of all workers) reporting more than one injury.

The incidence rate for the full study period was 11.9

(95%CI 10.8–13.2) per 100 FTEs for all reported injuries

linkable to the workforce roster (Table II). Strain & sprain

and back injuries were 3.0 (95%CI 2.4–3.6) and 1.4 (95%CI

1.0–1.9) per 100 FTEs, respectively. Per-diem workers had

only 7.9 injuries compared to 12.7 per 100 FTEs for

permanent workers.

Incidence rates for all injuries were highest among

nurses and semi-skilled workers and lowest among admin-

istrators (Table II). Strain & sprain injury rates were highest

among nurses and semi-professionals, and lowest among

administrators who had no cases reported. Back injury rates

were highest in semi-skilled workers and nurses, and lowest

among administrators.

Poisson Models of Injury Claims

Multivariate models

The best final multivariate Poisson model for risk of

reporting of any WC injury included the physical workload
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scale, psychological demands, psychosocial rewards, and

supervisor social support from the JEM, worker tenure less

than 2 years, age, non-white race from workforce rosters, and

SES as significant predictor variables (Table III). Gender was

kept in the model but had no significant effects on other

retained variables.

There was approximately 23% greater chance of

reporting any WC injury per 10% increase in the physical

workload scale, a 20% increase associated with each

increment of psychological demands, and 20 and 30%

reductions in reporting for each increment in social support

and rewards, respectively. There was also a 4.8 times greater

chance of reporting any injury for workers with less than

2 years of tenure. There was almost 10% increase in risk

per year of age. Non-white workers were around 40% less

likely to report any WC injury than white workers.

Although only the point estimate for semi-professionals

was statistically significant in the final multivariate model

for all cases, SES was significant in the model overall.

Semi-professionals had over three times greater chance of

reporting an injury than administrators. Point estimates

indicated that all other SES categories were over twice as

likely to report an injury as administrators but these estimates

were not significant in the final model. Further, the inverse

trend in univariate claim risk by SES was much less distinct in

the multivariate model. Of all SES categories, the univariate

point estimates for nurses and semi-skilled workers were

attenuated the most in the final multivariate model (Table III).

Removal of the SES from the all case final model resulted in a

slight strengthening of all predictors, a minimal decrease in

overdispersion, and a moderate improvement in model fit

(not shown but available upon request).

The final multivariate Poisson model for strain & sprain

injuries included manual handling, race, gender, age, and

tenure (Table IV). There was a 38% increase in risk of a strain

& sprain for every decile of increase in manual handling. The

point estimates for race, gender, and age were similar to those

for all injury reporting but the reporting risk associated with

low tenure decreased from 4.8 to 3.9 times.

The final model for risk of back injuries contained the

same set of variables as for the strains & sprains, except that

bending and twisting of the body replaced manual handling

as the best representative physical workload variable (Table

IV). The relative risk of a back injury was increased 2.3 per

decile increase in exposure to bending and twisting of the

body. Further, the risk associated with work tenure less than

2 years was almost five times greater than for employees with

more seniority. The point estimates for nurses, semi-

professionals, and skilled workers were attenuated by 30–

50% and by 10% for semi-skilled workers compared to

univariate models. Back injury risk models were all slightly

under-dispersed and generated point estimates that were 50–

80% greater than for all injuries and 20–60% greater than

observed in strain & sprain models.

The differences in SES reference group (Administrators-

Table III vs. Professionals Table IV) and outcome measures

(all injuries, strains & sprains, back segment) affected the

magnitude of risk estimates and patterns of attenuation

between univariate and final models. For both all injury

(Table III) and back segment (not shown but available upon

request) reports, the risk estimates followed an expected

trend of reduced SES effect after controlling for working

conditions and individual factors. The attenuation was also

greater in those SES job categories with less favorable

working conditions, nurses, and semi-skilled workers.

DISCUSSION

Among employees of a single Massachusetts hospital,

incidence rates for all WC injuries, strains & sprains, and

back cases were generally highest among nurses and workers

in the lowest two SES categories. Increased physical

workload and psychological demands along with low job

TABLEII. IncidenceRates forAll Injuries,Strains&Sprains, andBack InjuriesbySocioeconomicStatus (SES):1468MassachusettsHospitalsWorkers,2003^
2005

SES SES label n workers
All injuries rate per
100 FTEs* (95%CI)

Strain & sprain injuries rate
per100 FTEs* (95%CI)

Back injuries rate per
100 FTEs* (95%CI)

6 Administrators 55 2.6 (.97^6.9) 0.0 (no cases) 0.0 (no cases)
5 Professionals 227 8.8 (6.6^11.7) 2.7 (1.6^4.5) 1.3 (.64^2.8)
4 Nurses 358 18.5 (15.7^21.8) 4.6 (3.4^6.4) 2.1 (1.3^3.4)
3 Semi-professionals 276 12.7 (10.1^15.8) 4.1 (2.8^6.1) 1.9 (1.1^3.3)
2 Skilled 445 8.1 (6.4^10.2) 1.4 (.77^2.4) .45 (.17^1.2)
1 Semi-skilled 107 16.6 (12.1^22.8) 3.5 (1.7^7.0) 2.2 (.91^5.2)
Totals All SES categories 1468 11.9 (10.8^13.2) 3.0 (2.4^3.6) 1.4 (1.0^1.9)

Full time employee equivalence (FTEs) (scheduled weekly work hours for each employee/40 hours)� number of years employed during followup.
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tenure were associated with an increase in claim likelihood,

while risk decreased with psychosocial rewards and super-

visor support. Both occupational and individual factors

appeared to mediate the relationship between SES and rate of

injury claims.

Physical workload factors were consistently among the

strongest predictors for all multivariate models. Manual

handling, trunk bending and twisting, and hazardous safety

conditions from the JEM predicted elevated multivariate risk

ratios for all WC claims which were even higher for strains &

sprains and back injuries. Increased psychological job

demands, low psychological rewards, and low supervisor

support increased the all injury claim likelihood. But none of

the psychosocial factors remained significant in final strain &

sprain or back models. Although multi-colinearity among

predictors and SES limited our ability to examine them all

simultaneously, the large proportion of significant exposure

variables from different ergonomic domains indicates the

acceptable predictive validity of the newly developed JEM

for use with hospital WC claim outcomes in epidemiology

studies.

Despite our hypothesis of higher injury rates with

decreasing SES, nurses, semi-skilled workers, and semi-

professionals consistently had the highest rates for all

injuries, strains & sprains, and back cases. If nurses and

skilled workers were removed from analyses, a more distinct

inverse gradient emerged for injury risks.

Over one-half (57%) of the skilled group comprised

clerical workers (transcriptionists, medical secretaries, bill-

ing representative, etc.). Clerical workers are commonly

exposed to chronic static postures and highly repetitive

motions of the upper extremity, and often have excess chronic

musculoskeletal morbidity, but this is likely to be missing

from WC claims data [Morse et al., 1998]. On the other hand,

TABLEIII. SelectedUnivariateandFinalMultivariatePoissonModelsofRelativeRisk(RR) forany InjuryClaim:1468
HospitalWorkers, 2003^2005

Exposure or risk factor Univariate models RR (95%CI)a Final multivariate model RR (95%CI)a

Physical workload
Manual handlingb 1.22 (1.11^1.33) D
Force requirementsb 1.35 (1.21^1.49) D
Bending and twistingb 1.53 (1.36^1.72) D
Physical work scaleb,c 1.41 (1.27^1.58) 1.23 (1.04^1.45)

Work organization
Timepressureb 1.01 (0.90^1.13) D
Hazardous conditionsb 1.36 (1.25^1.48) D

Psychosocial factors
Psychological demandsd 1.21 (1.08^1.35) 1.20 (1.02^1.40)
Decision latituded 0.91(0.84^0.98) D
Supervisor social supportd 0.74 (0.64^0.86) 0.78 (0.58^0.97)
Rewardsd 0.79 (0.69^0.90) 0.68 (0.52^0.89)

Individual factors
Race (0/1¼non-white)e 0.79 (0.53^1.17) 0.57 (0.38^0.87)
Gender (0/1¼female)e 1.00 (0.77^1.28) 0.84 (0.63^1.11)
Age in yearse 1.05 (0.99^1.11) 1.09 (1.03^1.16)
Age2 in yearse 0.99 (0.98^1.00) 0.99 (0.98^1.00)
Tenure (0/1¼<2 years)e 4.64 (3.71^5.80) 4.83 (3.80^6.14)

SES job groups
Administrators (Reference) 1.0 1.0
Professionals 3.41 (1.23^9.46) 2.22 (0.79^6.26)
Nurses 7.16 (2.65^19.33) 2.82 (0.99^8.03)
Semi-professionals 4.92 (1.80^13.43) 3.18 (1.13^8.98)
Skilled 3.13 (1.14^8.58) 2.11 (0.72^6.20)
Semi-skilled 6.42 (2.29^17.98) 2.59 (0.80^8.33)

aRepresents the change in risk for every10% increase in exposure for each variable except for individual factors and PHASE SES
where they are compared as indicated.
bWeighted sum of manual handling, force requirements, and bending and twisting of the body.
cWeighted average JEM composites from PATH observations and O*NETdatabase values.
dVariables computed or extracted directly from the O*NET OnLine database.
eFrom workforce rosters.
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they are unlikely to experience forceful manual handling,

extreme trunk postures or exposure to hazardous machinery,

or work environments that would be more likely to lead to

acute traumatic injuries and WC claims.

Radiologic technologists were another healthcare pro-

fessional group with higher than expected injury rates

compared to other jobs in that SES group. They had the

highest rates of strain & sprain injury reports (4.5 per

100 FTEs) and the fifth highest rate for back segment injuries

(2.5 per 100 FTEs) of all 107 hospital job codes. These

increased claim rates for shoulder and back cases were likely

associated with frequent patient handling (transferring and

repositioning) and prolonged seated image review, editing,

and documentation with shoulder elevation. Since profes-

sionals exposed to high physical workload factors were used

as the SES reference category for analyses of strains &

sprains and back outcomes, risk among lower SES groups for

these outcomes was diluted.

The elevated univariate risks associated with SES for

any injury were strongly attenuated when adjusted by

physical workload, psychological demands, and work tenure.

The attenuation pattern for physical workload was replicated

for back injuries, but not in analyses of strains & sprains,

contrary to our study hypothesis. These strain & sprain

results were contrary to our study hypothesis. Unfortunately,

the necessary use of professionals as the reference category

for strain and sprain and back cases limited the strength and

precision of the models that included SES. Consequently, the

best reported final multivariate models for those outcomes do

not include SES.

Job Exposure Estimates

JEMs are an increasingly used grouping tool for

organizing and characterizing employment history and

exposure information in the field of occupational epidemi-

TABLE IV. Selected Univariate and Final Multivariate Poisson Model Relative Risks (RR) for Reporting a Strain & Sprain Injury (SS) or Back Injury toWC from
Ergonomic, Individual, and Socioeconomic Risk Factors Among1413 Massachusetts Hospital Workers Identified from Case Records and Workforce Rosters
During ReportingYears 2003^2005

Exposure or risk factor
Univariate SSmodels RR

(95%CI)a
FinalmultivariateSSmodel

RR (95%CI)a
Univariate backmodels RR

(95%CI)a
Final multivariate back
model RR (95%CI)a

Physical workload
Manual handlingb 1.27 (1.07^1.52) 1.38 (1.13^1.68) 1.48 (1.18^1.86) D
Force requirementsb 1.24 (1.00^1.54) D 1.63 (1.24^2.15) D
Bending and twistingb 1.74 (1.37^2.20) D 2.16 (1.53^3.05) 2.30 (1.55^3.40)
Physical work scaleb,c 1.47 (1.18^1.83) D 1.80 (1.36^2.39) D

Work organization
Time pressureb 1.24 (0.98^1.58) D 1.13 (0.80^1.58) D
Hazardous conditionsb 1.48 (1.24^1.76) D 1.79 (1.37^2.36) D

Psychosocial factors
Psychological demandsd 1.22 (0.98^1.54) D 1.20 (0.86^1.68) D
Supervisor social supportd 0.67 (0.50^0.89) D 0.61 (0.40^0.94) D
Rewardsd 0.96 (0.74^1.26) D 0.92 (0.62^1.35) D

Individual factors
Race (0/1¼non-white)e 0.47 (0.17^1.29) 0.41 (0.15^1.14) 0.79 (0.24^2.54) 0.67 (0.20^2.22)
Gender (0/1¼female)e 0.63 (0.35^1.14) 0.46 (0.24^0.88) 0.89 (0.41^1.91) 0.56 (0.25^1.26)
Age in yearse 1.11 (0.99^1.25) 1.14 (1.01^1.28) 1.12 (0.94^1.33) 1.17 (0.98^1.40)
Age2 in yearse 0.99 (0.98^1.00) 0.99 (0.98^1.00) 0.99 (0.98^1.00) 0.99 (0.98^1.00)
Tenure (0/1¼<2 years)e 3.37 (2.08^5.47) 3.89 (2.35^6.43) 4.45 (2.29^8.65) 4.94 (2.47^9.90)

SES job groups
Professionals (reference) 1.0 D 1.0 D
Nurses 1.71 (0.92^3.18) D 1.57 (0.64^3.81) D
Semi-professionals 1.54 (0.81^2.95) D 1.42 (0.56^3.62) D
Skilled 0.50 (0.23^1.09) D 0.34 (0.09^1.15) D
Semi-skilled 1.30 (0.55^3.11) D 1.63 (0.52^5.13) D

aRepresents the change in risk for every10% increase in exposure for each variable except for individual factors and PHASE SES where they are compared as indicated.
bWeighted sum of manual handling, force requirements, and bending and twisting of the body.
cWeighted average JEM composites from PATH observations and O*NETdatabase values.
dVariables computed or extracted directly from the O*NET OnLine database.
eFrom workforce rosters.
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ology [Coughlin and Chiazze, 1990; Stewart and Mustafa,

1994; Kauppinen et al., 1998; Weiderpass et al., 1999; Quinn

et al., 2001; Le Moual et al., 2005]. JEMs have been used to

characterize risk of multiple simultaneous exposures for

occupational disease [Blanc et al., 2005], work organization

[Johnson and Stewart, 1993], physical ergonomic [Blanc

et al., 1996; Carmona et al., 1998; Dement et al., 2004], and

combined psychosocial and biomechanical [Kauppinen

et al., 1998] exposures to estimate risks for cardiovascular

disease, MSDs and back injury claims, and carpal-tunnel

surgery disability outcomes, respectively. The current JEM

contains qualitative and quantitative estimates of healthcare

worker exposures to physical, psychosocial, and organiza-

tional conditions relevant MSD risk over a 3-year period.

Although JEMs can provide a flexible exposure database

and reduce self-report and common methods bias, their

infrequent use may be due to the labor-intensive nature of

JEM development or concerns about their validity and

generalizability [ACGIH-AIHA, 1996; Coughlin and

Chiazze, 1990]. Validation studies of cancer risk factor

JEMs have been conducted [Siemiatycki et al., 1989; Bouyer

and Hemon, 1993] but the results are not necessarily

generalizable from one JEM to another.

In this instance, we first examined the reliability of

PATH observation data inputs [Park et al., 2009] and

agreement between observational and O*NET metrics from

physical workload [Boyer, 2008b] and between psychosocial

factors from questionnaire and O*NET [Cifuentes et al.,

2007]. Qualitative evaluation of their face validity and job

sample representativeness also helped to reduce the chance

of exposure misclassification and increase predictive val-

idity. More work is needed to expand the content of the

current JEM to include factors for co-worker support and

ERI, to determine its predictive validity with other health

outcomes, and to evaluate its generalizability to other

populations.

Comparison with Other Studies

The injury rates in this study were similar to other

published reports. For example, nursing and plant main-

tenance have been reported in other studies to be among the

hospital job titles with the highest WC claim rates [Fuortes

et al., 1994; Goldman et al., 2000]. Hospital and medical

center cleaning staff have been identified as having high rates

of OSHA recordable injury rates [Sarri et al., 1991; d’Errico

et al., 2007]. However, the high rates of occupational injuries

among hospital radiology technicians and security guards

identified in this study have not been well described in the

literature. Another exception was nursing aides in this

population, who had overall injury rates similar to national

BLS statistics [Bureau of Labor Statistics, 2007b] but were

ranked only 13th, 5th, and 5th for all injuries, strains &

sprains, and back cases, respectively. Other studies have

reported nursing aides as having the highest rates of

musculoskeletal and other injuries among all hospital

workers due to frequent participation in patient handling

tasks [Fuortes et al., 1994; Engkvist et al., 2000].

Physical workload factors such as manual handling,

forceful exertions, and trunk bending and twisting have been

established as important risk factors for musculoskeletal and

other injuries in hospital workers [Lagerstrom et al., 1998;

Institute of Medicine, 2001]. A large proportion of the WC

claim records in this study indicated associations with

physical ergonomic exposures and involved the musculos-

keletal system. Manual handling activities in general, and

patient care and handling in particular, were important in the

reporting of strains & sprains, back, and other body segment

injuries in this population of healthcare workers.

Other studies of hospital workers have identified

decreased job control (strongly correlated with rewards in

this study), increased psychological demands, and physical

workload as associated with increased risk of reporting of

work-related MSDs [Koehoorn et al., 2006; d’Errico et al.,

2007] and physical and social disability from back and neck

pain [Shannon et al., 2001]. Our results, where likelihood of

WC claims decreased as rewards increase, were consistent

with another study which found an increased risk of MSDs

from increased ERI [Gillen et al., 2007]. Rewards were also

positively correlated with SES in the current study.

This evidence, along with previous exposure assess-

ments in the population [Boyer, 2008a], indicates that with

the exception of nurses and some other patient care

professionals, the jobs with the lowest rewards and control

may also have had the highest physical workload exposures.

Workers with more control over job demands and higher

perceived rewards may have been less likely to get injured

and/or been more able to manage symptoms to prevent

progression to severity levels that required medical treat-

ment, lost time, and claims reporting.

Low supervisor support was a consistently strong

predictor of increased WC injury in multivariate models for

all cases. Workers with low job estimates of supervisor

support may have received less training in hazard awareness,

had less access to advanced work methods, tools, and

protective equipment. These could lead to increased

exposures, injury occurrence, and elevated WC claim rates

in low support jobs [Gershon et al., 1999; Felknor et al., 2000;

Kaila-Kangas et al., 2004]. However, there is contrasting

evidence from other studies which suggest that low super-

visor support reduces the likelihood of injury reporting and

WC claim filing due to decreased administrative guidance

and management dis-incentives to report injuries [Pransky

et al., 1999; Azaroff et al., 2002]. Further studies are needed

to clarify the apparent contradiction.

Employees with tenure less than 2 years were 3–5 times

more likely to report strains & sprains, back, and all injuries

compared to workers with greater seniority and the effect of
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low tenure was greatest for back injuries. Three other hospital

studies have reported similar findings [Fuortes et al., 1994;

Yassi et al., 1995; Weddle, 1996]. Workers with less tenure

often have less training in hazard awareness, have not yet

adapted physically to their jobs, may feel less job security,

and may not understand the administrative processes for

reporting an injury [Yassi et al., 1995], all factors which could

increase the chance of getting injured and decrease the

chance of reporting. There is also evidence that workers with

more experience have better coping skills and more social

attachments to the workplace which help them avoid

disability after work-related injuries [Pransky et al., 2005].

Added confidence in the current study results can be

gleaned from the similarities with other studies conducted in

this and other hospital populations which identified similar

risk factors and found large attenuation of SES risks by

ergonomic working conditions, despite using different study

designs and having different measures of exposures, health

outcomes, and SES [d’Errico et al., 2007; Gillen et al., 2007].

Study Limitations

The inability to match all WC cases for the study period

with individuals in the hospital rosters resulted in a known

loss of 83 cases comprised mostly of cuts and lacerations to

the distal upper extremity and serious multiple body segment

injuries that often involved the back and lower extremities. It

was not possible to determine the job titles or SES categories

in which the lost cases occurred.

The current study did not have access to information

about individual factors other than age, race, gender, and

tenure. Prior injuries and symptoms, in particular, have been

identified as important risk factors for injury occurrence and

reporting of WC claims [Fuortes et al., 1994; Engkvist et al.,

2000; Galizzi and Boden, 2003; Linton et al., 2005; Videman

et al., 2005]. Co-morbidities and risk factors like being

overweight, smoking [Ryan et al., 1992; Ostbye et al., 2007],

and leisure-time physical activities were also not measured

[Hoogendoorn et al., 1999; Hoogendoorn et al., 2000;

Miranda et al., 2001a; Miranda et al., 2001b; Miranda

et al., 2002]. Unmeasured confounding due to these factors

cannot be ruled out, because they are also likely to be

correlated with social class [Shi and Stevens, 2005], but only

prior injuries would be expected to have an effect on

occupational injury risk.

The lack of strain & sprain and back cases within the SES

reference group (administrators) limited the study’s ability to

construct regression models of the SES gradient or of its

combined effect with ergonomic risk factors among hospital

workers.

None of the Poisson analyses performed for the current

paper included the full ERI ratio. Although an ERI proxy was

available from previous work [Cifuentes et al., 2007], it was

produced from a ratio of O*NET psychological demands

over O*NET rewards because no O*NET items properly

represented the ‘‘effort’’ component of the model. Thus, it

was decided that testing of the individual JCQ and ERI

subscales for predictive power would be a more valid and

informative analysis strategy. In accordance with this

decision, only the 3-item O*NET rewards scale was included

from the ERI model.

Social relationships may play an important role in the

complex risk profile of workplace incidents in the

healthcare sector [Myers et al., 2007]. However, valid

measurement of social factors is a challenging endeavor in

any sector. In the current study, the O*NET proxy estimate

for JCQ co-worker support was derived from only one

O*NET item asking: ‘‘Are co-workers easy to get along

with?’’ In addition, it did not correlate well with the actual

JCQ scale estimates collected from survey results in the same

population [Cifuentes et al., 2007], had low variation across

current study job titles, and had a strong positive Spearman

correlation with O*NET rewards. Although some previous

studies have found co-worker support from the JCQ to be an

important modifier of musculoskeletal symptom reporting

[Ariens et al., 2001; Hoogendoorn et al., 2001], the

questionable validity of our indicator and its high correlation

with other better characterized variables led to its exclusion

from Poisson analyses. Consequently, the O*NET supervisor

support variable, derived from questions about supervisors’

provision of adequate technical training and human resources

support, was the only social support proxy used in this study.

Concerns about biased injury risk estimates arise where

differential magnitude of underreporting could occur among

exposure groups. In the current study, differential under-

reporting by high SES job groups would lead to over-

estimates of risk in lower SES categories. However, since

reporting barriers have been shown to be more common

among low-wage or low status workers [Rosenman et al.,

2000; Strunin and Boden, 2000; Boden and Ruser, 2003;

Azaroff et al., 2004; Tait et al., 2004; Scherzer et al., 2005], it

appears more likely that the rates and relative risks of low

SES workers would be underestimated in the current study.

Although there may have been some underreporting of

injuries in the current study population, the rates appear

higher than national statistics and rates from other studies for

all injuries and similar to national statistics for back injuries

and strains & sprains. Therefore, it does not appear that

underreporting in the current study should reduce general-

izability of findings to other hospitals providing a similar

range of services.

Study Strengths

The multiple prospective collection methods and data

sources strengthen the current study because they reduce the

likelihood of misclassification or common methods bias and

increase generalizability of findings. Objective data were
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obtained from workforce rosters, WC records, direct

observations of the workforce, and a national database

representing probable exposures. In particular, the study

benefited from detailed objective collection of ergonomic

exposures within the healthcare facility from which WC

claims were filed.

CONCLUSION

Physical workload factors were associated with greater

risk of strain & sprain and back injuries than work

organization or psychosocial factors in this population of

Massachusetts hospital workers. Together, these hospital job

features along with individual worker factors, predicted WC

injury risk and explained some, but not all, of the effects of

SES. The consistently higher relative risks among nurses,

other healthcare professionals, and semi-skilled workers

were attenuated by physical workload, hazardous safety

conditions, and psychosocial factors. This indicates the

importance of working conditions over SES as predictors of

injury among hospital employees. The high prevalence of

physical workload exposures across diverse jobs was a likely

contributor to the irregular trends in risk by SES observed but

unmeasured non-work confounding cannot be ruled out.

Elevated injury claim risk underscores the importance of

surveillance and ergonomic exposure reduction interventions

for low status and tenure workers performing facilities

maintenance and repair, housekeeping and janitorial, diag-

nostic imaging, and clinical lab work, along with the

commonly recognized patient care tasks.
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