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ABSTRACT 

 

Work-related injuries are a persistent problem in the manufacturing industry. This 

research focuses on factors involved in the incidence, severity, and effective treatment of work-

related injuries in a population of manufacturing workers. Data from a large Midwestern 

manufacturing facility were obtained with the aims of measuring the association between shift 

work and injury incidence, measuring the impact of injury reporting lag on injury severity, 

describing an intervention designed to provide expedited treatment to injured workers, and 

describing worker and injury characteristics associated with treatment success. 

Using injury and employment data from the Midwestern manufacturing facility for the 

years 2011 and 2012, we found that workers on second shift had a marginally significant increase 

in injury incidence compared to first shift workers. No differences were observed between third 

shift and first shift workers. Gender and job tenure were also found to be associated with 

increased injury rates. Job tenure was, in fact, a more significant predictor of injury than age. 

Using injury data from the years 2011 and 2012, we found that delayed injury reporting 

had a significant impact on injury severity. As the lag time increased between the date of injury 

and the injury report date, so too did the odds that the injury would lead to restricted work days. 

We did not, however, find the same association between reporting lag and lost work days. Injury 

type was a significant predictor of both restricted and lost days. Job tenure and body part injured 

were also predictors of lost days. 

Finally, we collected data from the years 2007-2009 on injured workers treated for 

musculoskeletal disorders through an intervention designed to reduce treatment lag time. The 

intervention, delivered by occupational health nurses and physical therapists, provided injured 

workers with a physical therapy visit within three days of reporting an injury. The intervention 

was designed to circumvent two barriers to timely care, the delay between the injury report date 

and the first occupational health physician visit, and the delay between the first physician visit 

and the first physical therapy visit. The most significant predictor of program discharge success 
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was patient age. Older workers tended to have lower odds of being discharged to their baseline 

work duties compared to young workers. Overall, nearly two-thirds of the injured workers 

referred to the program were successfully discharged, regardless of gender, body part injured, 

cause of injury, or nature of injury. 

This project addresses the important issue of injuries in the manufacturing industry. We 

provide evidence on the factors associated with injury incidence and injury severity among 

workers in a large Midwestern manufacturing facility. We also show that workplace injury 

treatment interventions directed by occupational health nurses and physical therapists can be very 

effective in returning injured workers to their regular job duties. Our evidence suggests that future 

research and injury prevention efforts should focus on shift workers, low tenured workers, 

reducing delayed injury reporting, and reducing delayed injury treatment. 
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PUBLIC ABSTRACT 

 

This research addresses the persistent problem of work-related injuries in the 

manufacturing industry. Data from a large Midwestern manufacturing facility were obtained to 

measure the association between shift work and injury incidence, to determine the impact of 

injury reporting lag on injury severity as measured by restricted work days and lost work days, to 

describe an intervention designed to provide expedited treatment to injured workers, and to 

describe the characteristics of workers and their injuries associated with treatment success. 

Overall, we found that second shift workers sustained injuries at a higher rate than first 

shift workers, females had higher injury rates than males, and higher tenured workers had lower 

injury rates than low tenured workers. We also found that the longer workers delay reporting their 

injuries, the greater the odds that injuries will lead to restricted work days. Finally, we found that 

a treatment intervention directed by nurses and physical therapists was very effective in returning 

workers to their baseline job tasks regardless of gender, body part injured, cause of injury, or 

nature of injury. 

This research provides evidence on important factors associated with injury incidence 

and injury severity among manufacturing workers. We also show that workplace injury treatment 

interventions directed by occupational health nurses and physical therapists can be very effective 

in returning injured workers to their regular job duties. Our evidence suggests that future research 

and injury prevention efforts should focus on shift workers, low tenured workers, reducing injury 

reporting lag time, and reducing injury treatment lag time. 
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CHAPTER 1 

INTRODUCTION 

This dissertation focuses on a long, persistent occupational health problem of work-

related injuries in the manufacturing industry. We begin with an overview of the public health 

problem of work-related injuries in manufacturing, and then delve into three specific topics that 

compose the three papers of the dissertation. In paper one, we will examine the effect of shift 

work on injury incidence in a population of workers in a large Midwestern manufacturing facility. 

In paper two, we address a serious methodologic problem of delayed injury reporting and its 

effect on restricted and lost time at work. In paper three we present a treatment intervention that 

was developed by the participating facility and describe the characteristics of the workers and 

injuries that the program was most successful in treating. 

Public Health Burden of Work-Related Injuries in Manufacturing 

Work-related injuries have long been a persistent problem in the manufacturing industry. 

The nature of the work in many manufacturing settings is a major contributor to the problem. The 

job tasks associated with settings such as meatpacking, garment work and sewing, and assembly 

line work are characterized by repetitive motions, forceful exertions, awkward and/or static 

postures, and lack of sufficient recovery time (Connecticut Department of Public Health, 2008). It 

is understandable then, that the incidence rate for repetitive motion type injuries requiring days 

away from work was higher in manufacturing than in any other private industry over the years 

2007-2014. (BLS, 2008) (BLS, 2009) (BLS, 2010) (BLS, 2011) (BLS, 2012) (BLS, 2013) (BLS, 

2014) (BLS, 2015). Over the years of 2007-2014, the rate of repetitive motion injuries requiring 

days away from work ranged from 6.4 to 8.0 per 100 full-time equivalent workers in 

manufacturing, compared to only 2.7 to 3.5 for private industry overall. Musculoskeletal injuries 

also incur a heavy financial burden on the worker, workplace, and the overall U.S. economy. 

Among these adverse effects are absenteeism, lost productivity, and workers’ compensation 

expenses (Alipour, 2009) (Baldwin, 2004) (Stewart, 2003). Although data specific to the 
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manufacturing sector is not available, the Institute of Medicine has estimated that the overall, 

annual economic burden of work-related MSDs is between $45 and $54 billion (NAP, 2001).  

In addition to high rates of repetitive motion type injuries, manufacturing is also known 

to have high rates of acute injuries. Manufacturing had a consistently higher rate of injury caused 

by contact with objects or equipment than private industry as a whole over the same time period 

of 2007-2014. The incidence rate for injuries caused by contact with objects or equipment in 

manufacturing ranged from 36.8 to 44.2 per 10,000 full-time equivalent workers, while the 

incidence rate for these injuries in private industry overall ranged from 24.0 to 30.7. (BLS, 2008) 

(BLS, 2009) (BLS, 2010) (BLS, 2011) (BLS, 2012) (BLS, 2013) (BLS, 2014) (BLS, 2015). In 

addition, manufacturing had a higher rate of overexertion injuries that required days away from 

work compared to the overall rate of overexertion injuries in private industries in 2008 (BLS, 

2009) and 2014 (BLS, 2015). 

There have been numerous studies on acute occupational injuries, but few have focused 

on the manufacturing industry. One study, published in 2015, of work-related amputations treated 

in Michigan hospitals over the years 2006-2012 found that the manufacturing industry accounted 

for the highest number of work-related amputations. The rate of work-related amputations among 

Michigan manufacturing workers was second only to workers in agriculture, forestry, fishing, or 

hunting (Largo & Rosenman, 2015). A 2014 survey study of workers in aluminum and aluminum 

products manufacturing plants identified individual and plant level predictors of acute, traumatic 

occupational injuries. Significant predictors included job stress, unionization, and facility type 

(e.g. type of product manufactured) (Souza et al., 2014). 

Other studies have examined acute occupational injuries without focusing on a particular 

industry. A 2015 study of Ontario workers collected data through the Workplace Safety and 

Insurance Board on patients with acute back pain with the aim of identifying factors associated 

with delayed recovery. Findings with implications for the manufacturing sector included that 

greater physical demands were associated with longer time on benefits and increased risk of 
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injury recurrence (Steenstra et al., 2015). A 2012 study of patients treated at a Korean clinic 

specializing in industrial incidents aimed to identify risk factors associated with traumatic hand 

injuries. Job categories of the patients included in the study were machine trades, 

assembly/inspection, maintenance/repair, office worker/managerial, and others. Significant risk 

factors for traumatic hand injuries were operating machines or tools that were not a part of normal 

job duties, performing tasks that were not part of normal job duties, feeling rushed during job 

duties, feeling distracted during job duties, and wearing gloves during job duties (Choi, Sho, & 

Han, 2012). 

Despite overwhelming evidence that work-related injuries are a significant problem in 

manufacturing, relatively little research is focused on factors associated with injury incidence and 

injury severity, or on effective programs and policies to reduce the burden of these injuries on 

workers and employers. The three specific areas of interest in this project are the effect of shift 

work on injury incidence, the effect of reporting lag on injury severity, and interventions designed 

to improve healthcare delivery and expedite return to work. 

Shift Work in Manufacturing 

 Although there have been numerous studies in a variety of industries regarding the effects 

of shift work on adverse health outcomes and injury risk, few of these studies have examined this 

relationship in a manufacturing setting. (Dembe et al., 2008) (Dembe et al., 2007) (Dembe et al., 

2006). Even in the studies that have included manufacturing, it was not the primary industry of 

interest. The definition of shift work varies little in the literature and is typically defined as 

working hours that are not part of a regular daytime schedule (Institute for Work & Health, 2010), 

or working shifts that fall at least partially outside of the hours of 06:00 – 18:00 (Bureau of Labor 

Statistics, (2007). Shift work has been shown to be associated with increased risk for a variety of 

health problems, including reduced sleep quality and quantity, fatigue, anxiety, depression, 

cardiovascular disorders, and gastrointestinal disorders (Harrington, 2001). It has also been linked 

to increased occupational injury risk in a number of different industries, including health care (de 
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Castro et al., 2010) (Horwitz & McCall, 2004) (Stimpfel et al., 2015) (Hopcia et al., 2012) and 

law enforcement (Violanti et al., 2013) Violanti et al., 2012). 

Several previous studies on shift work have focused on health care workers, and two of 

these have utilized surveys to collect data on shift workers. From this research, we know that 

surveys have shown nurses to be at increased risk of occupational injury (OR 1.54, 95% CI 1.07 – 

2.24) and occupational illness (OR 1.48, 95% CI 1.02 – 2.16) while working a non-day shift (de 

Castro et al., 2010). A 2015 survey of nurses within 6-18 months of licensure showed that night 

shift nurses were 16% more likely likely to sustain an injury compared to nurses working other 

shifts (IRR 1.16, 95% CI 1.02 – 1.33) (Stimpfel, Brewer, & Kovner, 2015). 

In a 2012 case-control study involving nurses, researchers found that nurses working 

three to six night shifts in the previous seven days were almost three times more likely to report 

an injury (OR 2.90, 95% CI 1.47 – 5.74) (Hopcia et al., 2012). A 2004 study of workers’ 

compensation claims made by Oregon hospital workers reported a rate of 176 injuries per 10,000 

employees (95% CI 172/10,000 – 180/10,000) for day shift, 324injuries per 10,000 employees 

(95% CI 311/10,000 – 337/10,000) for evening shift, and 279 injuries per 10,000 (95% CI 

257/10,000 – 302/10,000) for night shift workers. The average total lost work days per claim was 

38 for day shift, 38.6 for evening shift, and 46.1 for night shift workers. Night shift workers also 

had the highest average claim cost ($6,715), compared to day shift ($6,187) and evening shift 

($6,103) (Horwitz & McCall, 2004). 

Two recent studies on shift work involved police officers. In a 2012 study by Violanti et 

al., demographic, psychosocial, and physical data were collected from 430 police officers. After 

adjusting for age, night shift workers had about 1.7 times rate of injury than day shift workers 

(IRR 1.72, 95% CI 1.26 – 2.36) or evening shift workers (IRR 1.66, 95% CI 1.23 – 2.25). A 

subsequent study by Violanti et al. (2013), using the same data, focused on the effect of shift 

work on long-term injury among police officers. Compared with day shift workers, night shift had 
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double to triple the odds of injuries with greater than 90 days of leave 3.12 (95% CI 1.35 – 7.21) 

and 2.21 (95% CI 1.02 – 4.68). 

Other studies on shift work have not focused on specific industries, but have collected 

data on the effects of shift work through broad population-based surveys in New Zealand 

(Fransen et al., 2006), the United States (Dembe et al., 2008) Dembe et al., 2007) Dembe et al., 

2006), and Canada (Wong et al., 2014) (Wong et al., 2011). A 2006 survey of New Zealand blood 

donors found that individuals working less than three night shifts per week (RR 1.34, 95% CI 

1.10 – 1.62) and three or more night shifts per week (RR 1.90, 95% CI 1.59 – 2.27) were more 

likely to be injured at work compared to individuals not working night shift. Participants working 

greater than 40 hours per week were also more likely to report being injured compared to those 

working 40 or fewer hours (RR 1.60, 95% CI 1.43 – 1.80) (Fransen et al., 2006). 

Dembe et al. published several studies on the association between work hours and work-

related injuries using data from the National Longitudinal Survey of Youth. In a 2006 study, 

Dembe et al. found that after adjusting for age, gender, occupation, industry, and region, routine 

night shift workers (HR 1.30, 95% CI 1.12 – 1.52), routine evening shift workers (HR 1.43, 1.26 

– 1.62), and rotating shift workers (HR 1.36, 95% CI 1.17 – 1.58) were more likely than 

conventional day shift workers to report a work-related injury. In addition, Dembe et al. (2007) 

added that these workers were also more likely to report job disruption after an injury (i.e. 

temporarily assigned to another job, worked less than full-time, or unable to perform their routine 

job duties). In a 2008 study, Dembe et al. reported that evening shift workers (HR 1.51, 95% CI 

1.25 – 1.82) and rotating shift workers (HR 1.30, 95% CI 1.03 – 1.64) were more likely to sustain 

traumatic work-related injuries (i.e. fractures, cuts, bruises, and burns). Rotating shift workers 

were also observed to be more likely to report musculoskeletal conditions (HR 1.31, 95% CI 1.01 

– 1.70) than conventional day shift workers. 

Two studies by Wong et al. found that shift work is associated with an increased risk of 

work-related injury. Both studies used data from Canada’s survey of Labor and Income Dynamics 
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(SLID). In 2011, Wong et al. found that the overall rate of work related injuries decreased over 

the years of 1996-2006, but that night shift workers specifically did not have a decreased injury 

rate. The SLID data showed, in fact, that workers on night shift (OR 1.92, 95% CI 1.34 – 2.73) or 

rotating shifts (OR 1.48, 95% CI 1.12 – 2.00) were significantly more likely to sustain an injury 

than workers on regular day shifts. Similarly, in 2014, Wong et al. studied how work schedules 

affected work-related injury risk using data from the SLID. Individuals working nonstandard 

shifts had about twice the rate of injury than those working day shift only (IRR 1.99, 95% CI 1.78 

– 2.22). Workers that changed shifts during the study period were also more likely to be injured 

on the job than individuals working only day shift. 

 While this large body of evidence shows a strong link between shift work and injury risk, 

there are still gaps in the knowledge base. First, the majority of previous shift work studies have 

been survey based, which we know are prone to introduce recall bias. Other studies have utilized 

workers’ compensation claims, which can provide excellent information on injury severity. 

Workers’ compensation insurance data has a weakness, however, in that not all injuries reported 

to an employer result in workers’ compensation claims. While insurance claim data can provide 

good information on disability and the economic impact of work-related injuries, injury rates are 

likely to be underestimated. Furthermore, industries such as healthcare and law enforcement have 

much different occupational hazards, both physical and psychological, than manufacturing. Given 

the weaknesses in previous studies and the lack of evidence specific to the manufacturing 

industry, further research is needed in regards to the impact of shift work on injury incidence in 

manufacturing. 

Delayed Injury Reporting 

Underreporting and delayed reporting of occupational injuries by workers are recognized 

as significant problems that plague the field of occupational and environmental health. While a 

number of studies have attempted to estimate the proportion of industrial injuries that go 

unreported (Pransky et al., 1999) (Fan et al., 2006) (Moore et al, 2013) (Lipscomb et al., 2015) 
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(Tucker et al., 2014), a knowledge gap exists in regards to the effect that under reporting and/or 

delayed reporting has on workers and employers. While employers have been known to 

underreport or delay reporting injuries that occur, such as in reporting injuries to the Occupational 

Safety and Health Administration (OSHA), we are primarily interested in the reporting practices 

of manufacturing workers for paper 3 of this dissertation. 

 Regardless of industry, the literature on the effect of delayed occupational injury 

reporting is sparse. Besen et al. found in a 2016 study of workers’ compensation claims that 

longer reporting lag times resulted in longer length of disability. Compared to injuries with no 

reporting lags, reporting injuries within 1-3 days of the incident was related to shorter disability, 

while reporting lag times of two weeks to 30 days, 30 days to 60 days, and 60 days to one year 

were related to longer disability length. Shaw et al. (2005) collected data on patients presenting 

with work-related low back pain at New England region occupational health clinics. Patients in 

the study were more likely to return to work after a one month follow-up if they had waited fewer 

days before reporting their injury to their respective employers. In a 2000 study of lost-time back 

injury claims in an Ontario workers’ compensation database, shorter reporting lag times (0-30 

days) and medium lag times (31-180 days) were protective of extended time on workers’ 

compensation benefits, while long reporting lag time (180 – 365 days) was associated with longer 

time on workers’ compensation benefits (McIntosh et al., 2000). 

Each of these studies contributes to the overall understanding of occupational injury 

reporting and the effect of delayed reporting on injury outcomes. However, a number of gaps still 

exist. Even though manufacturing has been shown to be among the industries with the highest 

rate of injury cases with job transfer or restriction, as well as total OSHA recordable cases 

(Bureau of Labor Statistics, 2015); manufacturing has not been the focus of previous studies that 

evaluate the effect of delayed injury reporting. Previous studies have utilized data from workers’ 

compensation claims and occupational health clinics, rather than directly from businesses. While 

this can certainly be a strength, given that workers’ compensation claims and treatment records 
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provide excellent information on disability length and the direct costs of injuries, there are also 

weaknesses. While Shaw et al. (2005) controlled for physical demands in their analyses, this 

information was self-reported in questionnaires by the patients in occupational health clinics. 

Shaw et al. did not control for industry type. McIntosh et al. (2000) did control for industry type, 

and found that working in construction was a more significant predictor than working in 

manufacturing. Back injuries among patients in manufacturing, however, were still found to have 

a high mean duration (days) of time receiving workers’ compensation benefits (McIntosh et al., 

2000). Research on injury reporting is needed with manufacturing workers as the focus. Injury 

reporting research is also needed that utilizes data directly from employers rather than from the 

self-reported questionnaires of patients or from third party insurance records. Finally, the impact 

of delayed reporting on injury outcomes such as lost and/or restricted work days have not been 

studied in the literature, yet have important implications for the bottom line of businesses. Paper 

two of this dissertation addresses these gaps in a study of the impact of delayed reporting on lost 

and restricted work time reported in an occupational health office of a large manufacturing 

company.  

Occupational Injury Prevention Research 

 Given the magnitude of the problem that workplace injuries pose to the manufacturing 

sector, it is also surprising that little evidence is exists on secondary prevention interventions to 

reduce the overall burden of workplace injuries on workers and employers. Most evidence-based 

programs and approaches in the literature that aim to prevent injuries from occurring have limited 

or mixed evidence of effectiveness. For example, several studies have been conducted on 

participatory ergonomics programs, in which workers are involved in the process of evaluating 

and making changes to the jobs that they perform. Participatory ergonomics have been shown to 

have a positive effect on psychosocial risk factors, such as workplace communication, decision 

latitude, and employee influence in the workplace. Evidence for the impact of these programs on 

reducing the incidence of injury, however, has been mixed (Motamedzade, 2011) (Laing, 2007) 
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(Laing, 2005). Other studies promote engineering interventions that reduce physical hazards 

posed to workers (Ferguson et al., 2011) (Dormohammadi et al., 2012). While eliminating 

potentially hazardous exposures or instituting engineering controls is preferable in most cases, it 

may not always practical for businesses due to cost. 

While these primary prevention approaches for work related injuries are indeed important 

pieces of a comprehensive injury prevention program, it is also important to develop evidence 

based secondary prevention programs to improve the quality of post-injury care. After all, there 

are no hazard-free workplaces. By identifying work-related musculoskeletal disorders early and 

delivering timely, appropriate treatment, recovery time and lost productivity can be reduced. The 

provision of timely care is critical in order to reduce injury severity and to lessen the overall 

impact of an injury on the worker and the workplace. Injured workers who experience treatment 

delays can have prolonged recovery time, leading to restricted days, lost days, and increased 

workers’ compensation expenses (Wilkie & Pransky, 2011) (Horsley, 2011) (Baldwin, 2004). 

Several studies have provided evidence in support of the fact that treatment delays lead to 

adverse outcomes. In a study of union carpenters with back injuries in Washington State, it was 

observed that medical care delayed by 30 days or more resulted in an over three-fold increase in 

the odds of having delayed return to work (OR 3.6, 95% CI 2.1 – 6.1) (Kucera et al., 2009). 

Longer lag time between the date of injury and first treatment predicted longer cumulative time 

receiving workers’ compensation benefits in a 2000 study of lost-time back injury claims from an 

Ontario workers’ compensation database (McIntosh et al., 2000). A lag time of 30 days or more 

between the date of injury and the beginning of treatment led to delayed return to work in a 1996 

study of Canadian workers presenting to clinics with low back pain (Infante-Rivard and Lortie, 

1996). Kominski et al. found that over 12% of injured workers in California waited more than 

three days to seek treatment for their injuries, and that this tended to have a negative impact on 

delayed return to work and eventual degree of recovery in a 2008 survey of workers who reported 

an injury between April 1 and June 30, 2005. 
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This evidence supports that delaying the treatment of work-related injuries can lead to 

poor outcomes, but we have also seen that few studies have been conducted on secondary 

prevention efforts in the workplace. Specifically, there is little scientific evidence available in 

regards to best practices for the delivery of care in an occupational health setting. There is, 

therefore, a critical need for research on interventions designed to identify injuries early and 

provide appropriate services to the injured worker to minimize the impact of the injury on the 

workplace and return the worker to his or her baseline level of functioning as quickly as possible. 

Current Project and Specific Aims 

The long-term goal of this research is to reduce the burden of work-related injuries on 

workers and employers through the development of improved occupational injury surveillance 

and treatment protocols. To work toward this goal, three studies were conducted using existing 

demographic, injury, and treatment data from a large Midwestern manufacturing facility. The first 

two studies were designed to provide insight into the personal and occupational factors associated 

with injury incidence and injury severity in the facility’s workforce over the years 2011 and 2012. 

The third study was designed to describe an intervention implemented in the participating facility 

and to identify the characteristics of workers and injuries that were predictive of success in the 

intervention program over the years 2007-2009. These studies will also serve as an evidence base 

to guide future research with the participating facility or other manufacturing industry sites. 

The population base for paper one is composed of all manufacturing workers employed 

by the participating facility from January, 2011 through December, 2012. The goal of paper one 

was to determine the effect of shift work on injury incidence. In paper two, the base population is 

narrowed to only the injured workers during the same time period. The goal of paper two was to 

determine how the reporting practices of the workers affected injury severity. Finally, in paper 

three, a third base population of injured workers treated from January, 2007 through December, 

2009 by unique intervention designed by the company to improve the delivery of healthcare 

services and improve injury outcomes.  Altogether, this dissertation addresses the full spectrum of 



11  
 

public health research from descriptive and analytic epidemiology (i.e., describing the factors 

associated with injury occurrence and injury severity in manufacturing) towards intervention 

research (i.e., evaluating new treatment protocols designed to reduce the burden of injuries). 

The specific aims of this dissertation were as follows: 

Specific Aim 1: Measure the association between shift work and injury incidence in a population 

of manufacturing workers during the years 2011 and 2012. 

Specific Aim 2: Measure the impact of injury reporting lag on injury severity as measured by 

restricted work days and lost work days in a population of manufacturing workers during the 

years 2011 and 2012. 

Specific Aim 3a: Describe the types of workers and injuries treated by a novel intervention that 

was developed by the participating manufacturing facility to provide expedited treatment to 

injured workers over the years 2007-2009. 

Specific Aim 3b: Identify the characteristics of workers and their injuries that were associated 

with successful discharge from the intervention program. 
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CHAPTER 2 

THE EFFECT OF SHIFT WORK ON INJURY INCIDENCE IN A POPULATION OF 

MANUFACTURING WORKERS 

Abstract 

Background: Shift work, or working outside of normal daytime working hours, has been shown to 

be associated with increased risk of occupational injury. Few studies have focused on the effects 

of shift work in manufacturing, even though manufacturing has a large number of shift workers. 

This study aims to fill this gap by examining the effect of shift on injury incidence among 

workers in a large manufacturing facility. 

Methods: Employment and injury data were collected from a large Midwestern manufacturing 

facility for the years of 2011 and 2012. Descriptive statistics and Poisson regression were used to 

determine the best predictors of injury, with shift being our primary exposure of interest. Other 

predictors considered were gender, age, job classification, job tenure, and racial category. 

Results: The most significant predictors of injury were job tenure and gender. After controlling 

for gender and tenure, we found that second shift workers had a marginally higher rate of injury 

than first shift workers (IRR 1.10, 95% CI 0.95 – 1.27). The injury rate for third shift workers was 

not significantly different than first shift workers (IRR 0.91, 95% CI 0.73 – 1.14). Compared to 

workers with 0-12 months of experience, each group of higher tenured workers had lower injury 

rates. 

Conclusions: Although not statistically significant, shift was a strong predictor of increased injury 

incidence, even after controlling for gender and tenure. Our findings suggest that additional 

research and injury prevention efforts are needed not only for shift workers, but for low tenured 

workers in manufacturing as well. 

Introduction 

The definition of shift work varies little in the literature and is typically defined as 

working hours that are not part of a regular daytime schedule (Institute for Work & Health, 2010), 
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or working shifts that fall at least partially outside of the hours of 06:00 – 18:00 (Bureau of Labor 

Statistics, (2007). The reasons for working non-standard shifts can be both personal (e.g., 

personal preference, educational advancement, childcare reasons, or not having other job 

options), or professional depending on the industry. Industries such as leisure and hospitality, arts 

and entertainment, food service, healthcare, and manufacturing are more likely to have large 

proportions of shift workers compared to industries such as finance and insurance, technical 

services, and educational services due to the nature of the work that is performed (Bureau of 

Labor Statistics, 2007). 

Shift work has been shown to be associated with increased risk for a variety of adverse 

health problems and behaviors, including reduced sleep quality and quantity, fatigue, anxiety, 

depression, cardiovascular disorders, and gastrointestinal disorders (Harrington, 2001). It has also 

been linked to increased occupational injury risk in a number of different industries. Several 

studies have focused on shift work and injury in healthcare workers, with each study finding 

increased injury risk among non-standard shift workers (de Castro et al., 2010) (Hopcia et al., 

2012) (Stimpfel, Brewer, & Kovner, 2015) (Horwitz & McCall, 2004). Other studies on shift 

work and injury have included police officers, finding that night shift workers had a significantly 

higher incidence of injuries than day or afternoon shift workers (Violanti et al., 2012), as well as 

higher incidence of injuries resulting in long-term disability (>90 days) (Violanti et al., 2013). 

Still other studies have taken a broader approach and examined the effect of shift work on 

occupational injury without focusing on a particular industry. Two studies by Wong et al. (2011) 

(2014) used data from the Canadian Survey of Labor and Income Dynamics. Both studies 

included physical demand in the analysis, which captured whether or not the injured individual 

was performing manual labor or heavy work, but did not capture information on specific industry 

type. Both studies found that workers on non-standard shifts were at increased risk of injury, even 

after adjusting for physical demand. New Zealand blood donors were surveyed in another study 

on shift work and occupational injury. The study found that although the risk of injury among 
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workers that rotated shifts was significantly higher than that of standard shift workers, permanent 

night shift workers were not observed to have increased injury risk (Fransen et al., 2006). A series 

of studies by Dembe et al., (2006) (2007) (2008), used data from the National Longitudinal Youth 

Survey and showed that manufacturing was among the industries in which shift workers were at 

higher risk of reporting an injury. 

A common finding in each of these studies is that workers on nonstandard shifts tend to 

be more likely to report work-related injuries. Manufacturing is known to have a relatively high 

proportion of shift workers (BLS, 2007), and manufacturing is consistently among the industries 

with the highest rate of recordable injuries and illnesses overall, as well as recordable cases 

resulting in job transfer or restriction (BLS, 2015). Despite these findings, little work has been 

done to determine if there is an association between shift work and injury incidence in 

manufacturing. The purpose of this study is to examine the effect of shift work and other 

demographic and job characteristics on the incidence of injury in a population of manufacturing 

workers. 

Methods 

Data 

Occupational injury data were provided by a unionized, large Midwestern manufacturing 

facility for the years of 2011 and 2012. De-identified demographic and job classification data for 

the overall factory employment from January, 2011 through December, 2012 were generated 

from Systems, Applications, and Products in Data Processing (SAP), and de-identified injury data 

from the same time period were gathered from Occupational Health Management (OHM) 

software. The two data sets were merged by employee identification number and month of 

employment in the SAP data, and identification number and month of injury in the OHM data. 

The linked dataset was composed of a monthly employee listing with injury data for employees 

sustaining an injury during each respective month. Since this project was a secondary analysis of 

de-identified data, it was granted exempt status from the University of Iowa IRB. 
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Demographic and job classification variables included gender, age, job classification, job 

tenure, shift, and racial category. Shift was categorized by the participating facility as first (day), 

second (evening), and third (night). The age variable was divided into the categories of 18-29, 30-

39, 40-49, and 50+ year olds. Age 18 was the minimum age requirement for employment at the 

facility. Job classification included the categories of assembler, foam machine operator, press 

operator, brazer, coating specialist, construction mechanic, die/mold setter, electrical specialist, 

fabrication setup/operator, fork truck mechanic, team/group leader, inspector, janitor, lean sigma 

tech, production specialist, material handler, mechanical specialist, molding machine operator, 

parts handler, plant utility assembler, plastics setup/operator, punch press operator, quality 

assurance tech, service specialist, tooling specialist, tubing fabrication setup/operator, and welder. 

Many of these job classifications were quite small, some having less than five injuries in 

the data set. To obtain cell sizes that were adequate for analysis, and to avoid quasi-separation of 

data points in our analysis, several steps were taken to condense the job classification categories. 

Grouping was based primarily on similar job tasks. The assembly category included the job 

classifications of assembler, brazer, inspector, parts handler, and plant utility assembler. The 

machine operator category included foam machine operators, press operators, fabrication 

operators, molding machine operators, plastics operators, and punch press operators. The 

maintenance category included construction mechanics, die/mold setters, electrical specialists, 

fork truck mechanics, mechanical specialists, and tooling specialists. The material handling 

category included only material handlers. Finally, the “other” category included the job 

classifications of coating specialists, finish grinders, group leaders, janitors, lean sigma techs, 

refrigeration specialists, production specialists, quality assurance techs, service specialists, team 

leaders, welders, and tubing fabrication operators. 

Job tenure was calculated as a count of the total number of months that an individual was 

employed by the participating facility. Tenure was divided into the categories 0-12 months, 13-

180 months, 181-360 months, and greater than 360 months. The decision to divide tenure into 
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these specified categories was made after observing the distribution of the data, and what 

appeared to be natural breaks in the data. The upper limit of the first category was set at 12 

months because workers with more than one year of experience reported injuries at a much lower 

rate. Very little research has been done on job tenure, so other tenure category limits were set 

according to what seemed like natural breaks in the data; and so that the numbers of injuries, 

person-months, and worker observations were sufficiently high. Race was categorized as Native 

American, Asian, Black or African American, Pacific Islander, White, two or more races, or race 

not specified. Due to low numbers of workers in several minority categories, race was collapsed 

into the categories of Asian, Black of African American, White, and Other. 

This data set included all injuries reported by workers at the participating facility. An 

injury was documented in the patient’s electronic medical record by onsite clinic staff whenever 

the patient reported an occupational injury or illness to the onsite occupational health clinic. The 

onsite occupational health clinic was staffed on all three shifts by nurses and/or paramedics. The 

policy of the participating facility was that all work-related injuries and illnesses were to be 

treated through the onsite occupational health clinic. If a patient sought treatment solely from an 

external provider however, then the injury would not be documented by the clinic staff or 

captured in this data set. 

This data set has several advantages over other data sources such as workers’ 

compensation claim data and freestanding or independent clinic data. Not all injuries generate 

medical expenses, which would result in the filing of a workers’ compensation claim. Workers’ 

compensation claim data, therefore, is unable to fully capture the overall injury experience of 

workers at a specific employer. Similarly, although freestanding or independent clinics that treat 

work-related injuries generally see patients employed in a variety of industries, they would not 

see every injury that was reported to individual employers. This data set is also unique when 

compared to data from the Bureau of Labor Statistics. The BLS captures OSHA recordable 

injuries, or injuries that employers are required to report to OSHA if they result in fatalities or if 



17  
 

they require treatment beyond first aid. Since we have data on all injuries reported at the 

participating facility, regardless of the severity or OSHA recordability status, we are able to take 

a more comprehensive look at some of the factors associated with injury incidence. 

Analysis 

Data analysis was conducted using SAS 9.3. After merging the demographics and injury 

data sets, there were a total of 42,494 observations and 1,258 injuries. Since we had 24 months of 

data, and each month representing a point of measurement, the actual number of unique 

individuals represented in those observations was 2,719. It is possible that an individual could 

contribute as little as one person-month or as many as 24 person-months to the data set. Many 

individual changed shifts, job classifications, age categories, and/or tenure categories over the 24 

month sample. In order to account for these repeated measures in the 24 months of data while still 

maximizing our ability to analyze the effects of each co-variate, we restructured the data. In the 

restructured data set we accounted for all individuals, stratified by job class, age category, and/or 

tenure category. 

After the data set was restructured, a frequency table was generated to show the 

breakdown of person-months contributed to each shift by job classification, tenure category, 

gender, age category, and racial category. Chi-square tests were conducted to assess for 

differences in the distribution of person-months for each variable by shift. Using STATA 13, 

incidence rates were calculated for each category of shift, job class, tenure, gender, age, and race. 

Incidence rate ratios and 95% confidence intervals were calculated for each variable with the 

following categories used as references for each variable: first shift (shift), assembly (job class), 

0-12 months (tenure), male (gender), 18-29 (age), and white (race). Crude Poisson regression 

models were run in the GENMOD procedure of SAS, with injury count as the dependent, or 

outcome variable. Repeated measures were controlled for in SAS by using subject identification 

number as the repeated measure. Adjusted Poisson regression models were also constructed. Both 
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the change in estimate criterion and the QICu model fit statistic were used to determine the set of 

predictors that best controlled confounding and also explained variability. 

Results 

Baseline Worker Characteristics 

 There were a total of 2,718 unique individuals represented in the data set. Males 

accounted for 67.99% (n=1,848) of the workers and females accounted for 32.01% (n=870). 

There were 1,248 (45.92%) workers on first shift, 1,128 (41.50%) workers on second shift, and 

342 (12.58%) workers on third shift. About 70% (n=1,923) of the workers were in the assembly 

job class category, 11.44% (n=311) were “other” workers, 7.28% (n=198) were material handlers, 

6.66% (n=181) were machine operators, and 3.86% (n=105) were maintenance workers. The 

predominant racial category was White, with 2,060 (75.79%) workers, compared to only 431 

(15.86%) Black or African American workers, 108 (3.97%) Asian workers, and 119 (4.38%) 

workers in the Other category. The proportion of workers in each age group was relatively even 

when compared to the job tenure groups, in which there were much higher proportions of workers 

in lower tenure categories. There were 666 (24.50%) workers in the 18-29 year old category, 607 

(22.33%) workers age 30-39, 651 (23.95%) workers age 40-49, and 794 (29.21%) workers age 50 

or older. In comparison, there were 1,106 (40.69%) workers with 0-12 months of experience, 677 

(24.91%) workers with 13-180 months, 483 (17.77%) workers with 181-360 months, and 452 

(16.63%) workers with 361 or more months. 

Distribution of Person-Months 

There were a total of 42,494 person-months included in the data set, with 23,950 

(56.36%) person months for first shift, 14,243 (33.52%) for second shift, and 4,301 (10.12%) for 

third shift (Table 1). Over 24,000 (56.50%) person-months were accounted for in the assembly 

job class category, 4,164 (9.80%) in machine operators, 2,402 (5.65%) in maintenance, 4,485 

(10.55%) in material handling, and 7,432 (17.49%) in “other” job classes. Males accounted for 

27,854 (65.55%) of person-months, while females accounted for 14,640 (34.45%). 
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Workers with 0-12 months of experience were represented by 5,590 (13.15%) person 

months, workers with 13-180 months of experience had 15,142 (35.63%) person-months, workers 

with 181-360 months of experience had 11,817 (27.81%) person-months, and workers with over 

360 months of experience had 9,945 (23.40%) person months. The distribution of person-months 

among age categories was 5,475 (12.88%) for 18-29 year olds, 8,687 (20.44%) for 30-39 year 

olds, 11,400 (26.83%) for 40-49 year olds, and 16,932 (39.85%) for workers age 50 and over. 

The distribution of person-months among racial categories was 35,701 (84.01%) for Whites, 

3,458 (8.14%) for Black or African Americans, 2,128 (5.01%) for Asians, and 1,207 (2.84%) for 

Others. 

Distribution of Person Months by Shift 

Second shift had the highest proportion of person-months in the assembly job 

classification (n=8,511, 59.76%), followed by first shift (n=13,454, 56.18%), and third shift 

(n=2,046, 47.57%) (Table 1). Third shift had the highest proportion of person-months in the 

maintenance job classification (n-588, 13.67%). Only 4.84% (n=1,158) of first shift-person 

months and 4.61% (n=656) of second shift person-months were attributed to maintenance 

workers. First shift had a much higher proportion of person-months among female workers 

(n=9,779, 40.83%) than second shift (n=3,705, 26.01%) or third shift (n=1,156, 26.88%). Among 

racial categories, 90.63% (n=21,705) of first shift person-months were attributed to Whites, 

compared to only 73.12% (n=10,415) on second shift. Conversely, there were only 987 (4.12%) 

first shift person-months among Black or African American workers, compared to 2,104 

(14.77%) among Black or African-American workers on second shift. 

As expected, the distribution of person-months across job tenure and age categories was 

similar to the distribution of workers at baseline. Second shift had a higher proportion of person-

months in the 0-12 month tenure category (n=2,956, 20.75%) than first shift (n=1,835, 7.66%). 

Workers age 18-29 accounted for 19.89% (n=2,833) of second shift person-months, but only 

8.07% (n=1,932) of first shift person-months. Conversely, workers with over 360 months of 
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experience only accounted for 7.37% (n=1,049) of second shift person-months, compared to 

32.24% (n=7,721) of first shift person-months. Workers age 50 or over contributed 4,358 

(30.60%) person-months to second shift and 10,915 (45.57%) to first shift. 

Incidence Rates 

Overall, there were 1,258 injuries observed among 42,494 person-months, for an overall 

injury incidence rate of 2.96 injuries per 100 person-months (Table 2). Second shift had the 

highest injury rate (IR=3.65/100), followed by third shift (IR=2.72/100) and first shift 

(IR=2.59/100).  Among job classifications, assembly workers had the highest injury rate 

(IR=3.85/100), followed by machine operators (IR=2.50/100), and maintenance workers 

(IR=2.33/100). The injury rate among females (IR=3.8/100) was higher than that of males 

(IR=2.51/100). Workers in the Other racial category had the highest injury rate (IR=5.22/100), 

followed by Black or African American workers (IR=5.03/100), White workers (IR=2.73/100), 

and Asian workers (IR=2.26/100). The injury rate among workers with 0-12 months of 

experience (IR=7.76/100) was much higher than the rate among workers with 13-180 months 

(IR=2.99/100), 181-360 months (IR=1.88/100), or over 360 months (IR=1.96/100). Similarly, the 

injury rate was higher among workers age 18-29 (IR=5.10/100) than for workers age 30-39 

(IR=3.43/100), workers age 40-49 (IR=2.93/100), or workers age 50 or over (IR=2.16/100). 

Incidence Rate Ratios 

 Second shift workers sustained injuries at a higher rate than the reference category of first 

shift workers (IRR 1.39, 95% CI 1.21 – 1.59) (Table 3). No difference in injury rates was 

observed between first and third shift workers. Compared to the reference category of assembly 

workers, machine operators (IRR 0.66, 95% CI 0.53 – 0.82), maintenance workers (IRR 0.62, 

95% CI 0.46 – 0.83), material handlers (IRR 0.37, 95% CI 0.28 – 0.49), and other workers (IRR 

0.39, 95% CI 0.31 – 0.49) each had significantly lower injury rates. Females had a significantly 

higher injury rate than males (IRR 1.52, 95% CI 1.32 – 1.74). Workers with 13-180 months of 

experience (IRR 0.48, 95% CI 0.41 – 0.56), 181-360 months of experience (IRR 0.30, 95% CI 
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0.25 – 0.36), and 361+ months of experience (IRR 0.30, 95% CI 0.25 – 0.37) sustained injuries at 

a lower rate than workers with 0-12 months of experience. The results for age categories were 

similar to those found among tenure categories. Workers age 30-39 (IRR 0.67, 95% CI 0.55 – 

0.82), 40-49 (IRR 0.60, 95% CI 0.49 – 0.73), and 50+ (IRR 0.48, 95% CI 0.40 – 0.57) had 

significantly lower injury rates than workers at 18-29. Compared to the reference racial category 

of White workers, Black or African American workers (IRR 1.86, 95% CI 1.56 – 2.23) and Other 

workers (IRR 1.92, 95% CI 1.47 – 2.51) had significantly higher injury rates. 

Adjusted incidence rate ratios were calculated by controlling shift, tenure, and gender. 

Several previous studies have controlled for gender and age (Violanti et al., 2013) (Wong et al., 

2014) (Wong et al., 2011), and shift was included in the adjusted models as our primary exposure 

of interest. Tenure category and age category were found to be highly correlated in this study, so 

only tenure was controlled for in the adjusted models because it was found to be the most 

significant predictor of the two variables. After adjusting for gender and tenure, shift was found 

to be a predictor of injury with marginally statistical significance. Workers on second shift had a 

higher incidence of injury than first shift workers (IRR 1.10, 95% CI 0.95 – 1.27). No significant 

difference in incidence rates was noted between third and first shifts after adjusting for gender 

and tenure (IRR 0.91, 95% CI 0.73 – 1.14). 

Discussion 

This study examined the effects of shift, job classification, tenure, gender, age, and racial 

category on injury incidence among a population of workers in a Midwestern Manufacturing 

Facility during the years 2011 and 2012. Our primary exposure of interest was shift.  Only 

workers on second shift had marginally higher rates of injury compared with first shift workers 

after adjusting for gender and job tenure.  Third shift workers did not have higher rates of injury 

than first shift workers in our study. 

There have been numerous studies that have found increased injury risk among workers 

on evening shift, night shift, or “non-standard” shifts. In a survey of nurses at a convention in the 
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Philippines, shift work and work hours were examined as predictors of work-related injuries, 

illnesses, and missed work. Working a non-day shift was significantly associated with increased 

risk of occupational injury (OR 1.54, 95% CI 1.07 – 2.24) and occupational illness (OR 1.48, 

95% CI 1.02 – 2.16) (de Castro et al., 2010). A 2004 study of workers’ compensation claims by 

Oregon hospital workers showed that the rate of injury per 10,000 employees was higher for 

evening and night shifts than for day shift (Horwitz & McCall, 2014). In a 2015 study of newly 

registered nurses (within 6-18 months of licensure), a survey was administered to collect data on 

injuries (primarily strains/sprains and needle sticks), demographic characteristics, and job 

characteristics. It was observed that night shift workers were significantly more likely to sustain a 

strain or sprain injury compared to nurses working other shifts (IRR 1.16, 95% CI 1.02 – 1.33) 

(Stimpfel, Brewer, & Kovner, 2015). 

Our findings also differ from two studies by Wong et al. (2011) (2014) found that shift 

work was associated with an increased risk of work-related injury. Both studies used data from 

Canada’s survey of Labor and Income Dynamics (SLID). In 2011, Wong et al. found that the 

overall rate of work related injuries decreased over the years of 1996-2006, but that night shift 

workers specifically did not have a decreased injury rate. The SLID data showed, in fact, that 

workers on night shift (OR 1.92, 95% CI 1.34 – 2.73) or rotating shifts (OR 1.48, 95% CI 1.12 – 

2.00) were significantly more likely to sustain an injury than workers on regular day shifts. 

Similarly, in 2014, Wong et al. studied how work schedules affected work-related injury risk 

using data from the SLID. It was found that the injury rate among individuals working 

nonstandard shifts was two times higher than the rate among those working day shift only (IRR 

1.99, 95% CI 1.78 – 2.22). A 2012 study by Violanti et al. found that when adjusting for age, 

night shift police officers were more likely to report an injury than day shift (IRR 1.72, 95% CI 

1.26 – 2.36) or evening shift (IRR 1.66, 95% CI 1.23 – 2.25). 

While we did not find a statistically significant difference in injury incidence in second or 

third shift workers compared to first shift, we did find a marginally significant increase in injury 
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incidence among second shift workers. Although our results lack the significant findings of 

previous studies in regards to shift work, our study does have several strengths over many of the 

studies described above. Studies by de Castro et al. (2010), Wong et al. (2011) (2014), Dembe et 

al. (2006) (2007) (2008), Stimpfel et al. (2015), and Fransen et al. (2006) collected data through 

surveys, which could introduce recall bias in the study. Our study collected data on all injuries 

and all employees directly from one facility in order to describe the injury experience among a 

population of workers. Horwitz and McCall (2014) collected injury data from insurance claims. 

Insurance claims provide valuable data on injury severity, however, not all injuries that are 

reported to an employer result in a workers’ compensation insurance claim. Having information 

on all injuries at the facility level is a strength of our design, and should lead to more accurate 

incidence rates. 

Although we controlled for workers that changed job classifications and/or shifts in our 

study by adjusting for repeated measures (subjects) in our analysis, we did not examine injury 

risk among this group specifically. We therefore did not compare the injury rates among workers 

that changed shifts and/or job classifications to the rates for workers that stayed within their shift 

and/or job classification categories for the duration of the two year sample. There are several 

studies that have examined the effect of rotating shifts on injury risk. Wong et al. (2014) noted 

that workers who changed shifts during the study period were more likely to be injured on the job 

than individuals working only day shift (Wong et al., 2014). In a 2012 case-control study 

involving hospital nurses, nurses working three to six night shifts in the previous seven days were 

found to be significantly more likely to report an injury (OR 2.90, 95% CI 1.47 – 5.74) (Hopcia et 

al., 2012). A 2006 survey of New Zealand blood donors found that individuals working less than 

three night shifts per week (RR 1.34, 95% CI 1.10 – 1.62) and three or more night shifts per week 

(RR 1.90, 95% CI 1.59 – 2.27) were more likely to be injured at work compared to individuals 

not working night shift (Fransen et al., 2006). 



24  
 

Dembe et al. published several studies on the association between work hours and work-

related injuries using data from the National Longitudinal Survey of Youth. In a 2006 study, 

Dembe et al. found that after adjusting for age, gender, occupation, industry, and region; routine 

night shift workers (HR 1.30, 95% CI 1.12 – 1.52), routine evening shift workers (HR 1.43, 1.26 

– 1.62), and rotating shift workers (HR 1.36, 95% CI 1.17 – 1.58) were more likely than 

conventional day shift workers to report an injury. In a 2008 study, Dembe et al. added that 

evening shift workers (HR 1.51, 95% CI 1.25 – 1.82) and rotating shift workers (HR 1.30, 95% 

CI 1.03 – 1.64) were more likely to sustain traumatic type injuries (i.e. fractures, cuts, bruises, 

and burns) and musculoskeletal conditions (HR 1.31, 95% CI 1.01 – 1.70). 

In light of this previous evidence indicating that rotating shift workers have increased risk 

of injury, examining the injury risk among workers that change shifts and/or job classifications 

could be an area of valuable future research in this population of manufacturing workers. An 

interesting secondary finding in this study was that job tenure was a highly significant predictor 

of injury in this population. Tenure was, in fact, a more significant predictor of injury than age in 

our sample. There were a large number of highly tenured workers at the participating facility, and 

since our data set included all reported injuries we observed that the tenure of injured workers 

ranged from the first month of employment to the 46th year of employment. Due to this wide 

range of job tenures and our focus on the primary exposure of shift, it was not feasible to conduct 

detailed analyses on the effect of tenure in this study. It is clear, however, that further research is 

needed on the effect of job tenure. 

We observed that there were 364 injuries sustained by workers with up to 12 months of 

experience. Broken down by month, however, we found that there were 48 injuries among 

workers in their first month of employment, 47 injuries among workers with one month of 

experience, 24 injuries among workers with two months, 27 injuries among workers with three 

months, 23 injuries among workers with four months, 29 injuries among workers with five 

months, 35 injuries among workers with six months, 34 injuries among workers with seven 
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months, 22 injuries among workers with eight months, 19 injuries among workers with nine 

months, 34 injuries among workers with 10 months, 10 injuries among workers with 11 months, 

and 12 injuries among workers with 12 months. After one year of experience, there was a striking 

drop in the number of injuries. Workers with 13-24 months of experience, or workers in their 

second year of employment, accounted for a total of only 73 injuries. 

Few previous studies have controlled for job tenure their designs and analyses. In a 2005 

study by Shaw et al., patients presenting to occupational health clinics with acute, work-related 

low back pain were surveyed to determine the demographic, injury, workplace, and psychosocial 

factors associated with disability risk. Shaw et al. found that job tenure was a significant predictor 

of functional limitation at one month post-injury. Those with low job tenure were also more likely 

to be not working one month after pain onset. Ferguson et al. (2012) monitored workers at 

furniture distribution facilities for low back injuries. Lumbar motion monitors and questionnaires 

were used to collect data. No differences were seen between cases and controls in regards to 

tenure on a specific job or within a specific company. It was observed that the tenure of 

performing manual material handling tasks was significantly longer in injury cases compared to 

controls. 

Ontario workers’ compensation claim data was used in a 2006 study on the relationship 

between job tenure and work injuries (Breslin & Smith, 2006). After adjusting for gender, age 

group, occupation, and industry, it was found that workers with one month of experience, two 

months of experience, 3-4 months experience, 5-8 months experience, and 9-12 months 

experience all had significantly higher injury rates than workers with 13+ months of experience. 

A subsequent study by Breslin et al. (2008) used data from the Survey of Labour and Income 

Dynamics to assess the relationship between job tenure and work disability absence. Although 

crude estimates showed low tenured workers to be at elevated risk of work disability absence, the 

risk was eliminated after adjusting for gender, age, job type, hours worked, education, concurrent 
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job status, and workplace union status. Given the mixed results of these previous studies, further 

research is clearly needed on the effect of job tenure. 

There are other limitations to this study. We were unfortunately unable to obtain data on 

the hours worked by employees at the Midwestern Manufacturing Facility. We were therefore 

unable to calculate rates according to the methods in which they would traditionally be reported 

to OSHA. We instead calculated injury rates according to person-months worked by the facility’s 

employees. Finally, although we examined the effects of shift and job classification on injury 

incidence, we did not have information on how long a worker may have held their respective shift 

and/or job class prior to the two year data sample. Determining the time worked until injury by 

shift or job class could be another area of future research. 

Conclusions 

 Gender and tenure were found to be the most significant predictors of injury in this study 

of manufacturing workers. Although not statistically significant, we found that shift was a 

predictor of increased injury incidence, even after controlling for gender and tenure. Future 

research is needed in the manufacturing industry to examine how of length of time on a particular 

shift or within a particular job classification effects injury risk and injury severity. Research is 

also needed to determine how changing shifts or job classifications affects the risk of injury. 
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Table 2.1: Distribution of Person Months by Shift 

  Shift   

 First Second Third Total 

Characteristics n n n n 

     

Total 23,950 14,243 4,301 42,494 

     

Job Class n (%) n (%) n (%) n (%) 

Assembly 13,454 (56.18) 8,511 (59.76) 2,046 (47.57) 24,011 (56.50) 

Machine Operator 2,497 (10.43) 1,362 (9.56) 305 (7.09) 4,164 (9.80) 

Maintenance 1,158 (4.84) 656 (4.61) 588 (13.67) 2,402 (5.65) 

Material Handling 2,389 (9.97) 1,531 (10.75) 565 (13.14) 4,485 (10.55) 

Other 4,452 (18.59) 2,183 (15.33) 797 (18.53) 7,432 (17.49) 

     

Tenure (months)     

0-12 1,835 (7.66) 2,956 (20.75) 799 (18.58) 5,590 (13.15) 

13-180 5,956 (24.87) 7,793 (54.71) 1,393 (32.39) 15,142 (35.63) 

181-360 8,438 (35.23) 2,445 (17.17) 934 (21.72) 11,817 (27.81) 

361+ 7,721 (32.24) 1,049 (7.37) 1,175 (27.32) 9,945 (23.40) 

     

Gender     

Male 14,171 (59.17) 10,538 (73.99) 3,145 (73.12) 27,854 (65.55) 

Female 9,779 (40.83) 3,705 (26.01) 1,156 (26.88) 14,640 (34.45) 

     

Age Category     

18-29 1,932 (8.07) 2,833 (19.89) 710 (16.51) 5,475 (12.88) 

30-39 4,098 (17.11) 3,776 (26.51) 813 (18.90) 8,687 (20.44) 

40-49 7,005 (29.25) 3,276 (23.00) 1,119 (26.02) 11,400 (26.83) 

50+ 10,915 (45.57) 4,358 (30.60) 1,659 (38.57) 16,932 (39.85) 

     

Racial Category     

Asian 796 (3.32) 1,159 (8.14) 173 (4.02) 2,128 (5.01) 

Black or African 

American 987 (4.12) 2,104 (14.77) 367 (8.53) 3,458 (8.14) 

Other 462 (1.93) 565 (3.97) 180 (4.19) 1,207 (2.84) 

White 21,705 (90.63) 10,415 (73.12) 3,581 (83.26) 35,701 (84.01) 

     

Distribution of each variable was significantly different between shifts (p ≤0.001) 
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Table 2.2: Injury Rates 

Characteristics Injuries Person-Months Rate* 

    

Total 1,258 42,494 2.96 

    

Shift    

First 621 23,950 2.59 

Second 520 14,243 3.65 

Third 117 4,301 2.72 

    

Job Class    

Assembly 924 24,011 3.85 

Machine Operator 104 4,164 2.50 

Maintenance 56 2,402 2.33 

Material Handling 65 4,485 1.45 

Other 109 7,432 1.47 

    

Tenure (months)    

0-12 364 4,689 7.76 

13-180 472 15,797 2.99 

181-360 227 12,063 1.88 

361+ 195 9,945 1.96 

    

Gender    

Male 702 27,854 2.52 

Female 556 14,640 3.80 

    

Age Category    

18-29 259 5,078 5.10 

30-39 281 8,195 3.43 

40-49 332 11,329 2.93 

50+ 386 17,892 2.16 

    

Racial Category    

Asian 48 2,128 2.26 

Black or African American 174 3,458 5.03 

Other 63 1,207 5.22 

White 973 35,701 2.73 

    

*per 100 person months    
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Table 2.3: Poisson Regression for Injury Incidence 

Covariates Injuries IRR 95% CI 

    

Shift    

First 621 ref  

Second 520 1.39 1.21 - 1.59 

Third 117 1.04 0.82 - 1.31 

    

Job Class    

Assembly 924 ref  

Machine Operator 104 0.66 0.53- 0.82 

Maintenance 56 0.62 0.46 - 0.83 

Material Handling 65 0.37 0.28 - 0.49 

Other 109 0.39 0.31 - 0.49 

    

Tenure (months)    

0-12 364 Ref  

13-180 472 0.48 0.41 - 0.56 

181-360 227 0.30 0.25 - 0.36 

361+ 195 0.30 0.25 - 0.37 

    

Gender    

Male 702 ref  

Female 556 1.52 1.32 - 1.74 

    

Age Category    

18-29 259 Ref  

30-39 281 0.67 0.55 - 0.82 

40-49 332 0.60 0.49 - 0.73 

50+ 386 0.48 0.40 - 0.57 

    

Racial Category    

Asian 48 0.83 0.61 - 1.13 

Black or African American 174 1.86 1.56 - 2.23 

Other 63 1.92 1.47 - 2.51 

White 973 ref  
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CHAPTER 3 

THE EFFECT OF DELAYED INJURY REPORTING ON RESTRICTED AND LOST 

WORK DAYS IN A POPULATION OF MANUFACTURING WORKERS 

Abstract 

Background: Although underreporting and delayed occupational injury reporting are recognized 

as significant methodologic and clinical problems in occupational health, few studies have 

examined the effect that this has on injury outcomes. This study aims to determine the impact of 

delayed injury reporting on injury severity as measured by restricted work days and lost work 

days. 

Methods: Occupational injury data were provided by a large Midwestern manufacturing facility 

for the years 2011-2012. Descriptive statistics and logistic regression were used to determine the 

most significant predictors of injuries leading to restricted work days and lost work days. Injury 

reporting lag was the exposure of interest, and was defined as an injured worker reporting an 

injury 0 days, 1-7 days, or 8+ days after the date of injury. 

Results: Reporting lag was found to be the most significant predictor of restricted work days. 

After adjusting for injury type, we found that injuries reported 1-7 days (OR 2.58, 95% CI 1.67 – 

3.97) or 8+ days (OR 3.40, 95% CI 2.07 – 5.59) had significantly greater odds of having restricted 

work days. Reporting lag was not found to be a significant predictor of lost work days. 

Conclusions: Delayed injury reporting was shown in this study to have a significant impact on 

injury severity. As the lag time between the date of injury and the injury report date increased, so 

too did the odds of having restricted work days. Improved injury surveillance, as well as patient 

and employer education, are needed to reduce delayed injury reporting. 

Introduction 

Underreporting and delayed reporting of occupational injuries by workers are recognized 

as significant methodologic and clinical problems that plague the field of occupational and 

environmental health. While a number of studies have attempted to estimate the proportion of 
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industrial injuries that go unreported (Pransky et al., 1999) (Fan et al., 2006) (Moore et al, 2013) 

(Lipscomb et al., 2015) (Tucker et al., 2014), a knowledge gap exists in regards to the effect that 

under reporting and/or delayed reporting has on workers and employers. 

One study examined injury reporting patterns among employers, Dong et al. (2011) 

estimated that nearly 60% of nonfatal injuries involving days away from work go unreported to 

the Bureau of Labor Statistics (BLS) by small construction establishments. Other studies have 

examined worker injury reporting patterns. Besen et al. found in a 2016 study that longer 

reporting lag times resulted in longer length of disability. Data on back injury claims were 

collected from a large United States workers’ compensation insurance company. Compared to 

injuries with no reporting lags, reporting injuries within 1-3 days of the incident was related to 

shorter disability, while reporting lag times of two weeks to 30 days, 30 days to 60 days, and 60 

days to one year were related to longer disability length. Shaw et al. collected data on patients 

presenting with low back pain at occupational health clinics in the New England region (2005). 

Patients in the study were more likely to return to work after a one month follow-up if they had 

waited fewer days before reporting their injury to their respective employers. 

Other studies have focused not on reporting lag time, but treatment lag time instead. In a 

study of union carpenters with back injuries in Washington State (Kucera et al., 2009), it was 

observed that delaying medical care by 30 days or more resulted in an over three-fold increase in 

the odds of having delayed return to work (OR 3.6, 95% CI 2.1 – 6.1). Longer lag time between 

the date of injury and first treatment was found to be a significant predictor of longer cumulative 

time receiving workers’ compensation benefits in a 2000 study by McIntosh et al. Data on lost-

time back injury claims were collected from an Ontario workers’ compensation database. Shorter 

reporting lag times (0-30 days) and medium lag times (31-180 days) were protective of extended 

time on workers’ compensation benefits, while long reporting lag time (180 – 365 days) was 

associated with longer time on workers’ compensation benefits (McIntosh et al., 2000). Infante-

Rivard and Lortie showed that a lag time of 30 days or more between the date of injury and the 
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beginning of treatment led to delayed return to work in a 1996 study of Canadian workers 

presenting to clinics with low back pain (Infante-Rivard, 1996). Kominski et al. found that over 

12% of injured workers in California waited more than three days to seek treatment for their 

injuries, and that this tended to have a negative impact on delayed return to work and eventual 

degree of recovery in a 2008 survey of workers who reported an injury between April 1 and June 

30, 2005. 

Each of these studies contributes to the overall understanding of occupational injury 

reporting and the effect of delayed reporting and delayed treatment on injury outcomes. However, 

a number of gaps still exist. Even though manufacturing has been shown to be among the 

industries with the highest rate of injury cases with job transfer or restriction, as well as total 

OSHA recordable cases (Bureau of Labor Statistics, 2015); manufacturing has not been the focus 

of previous studies that evaluate the effect of delayed injury reporting. Furthermore, this study is 

one of few that examines a specific population of workers, with injury data collected directly 

from the employer rather than secondary data from third party sources. The purpose of this study 

was to examine the injuries experienced by a population of workers at a large Midwestern 

manufacturing facility, to develop a better understanding of the injury reporting practices among 

a population of manufacturing workers, and to determine how these reporting practices affected 

the occurrence of restricted work days and lost work days. 

Methods 

Data Sources 

Occupational injury data were provided by a large Midwestern manufacturing facility for 

the years of 2011 and 2012. De-identified demographic and job classification data for the overall 

factory employment were generated from Systems, Applications, and Products in Data Processing 

(SAP) software, and de-identified injury data were gathered from Occupational Health 

Management (OHM) software. The two datasets were merged by employee identification number 

and month of employment in the SAP data, and employee identification number and month of 
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injury in the OHM data. This created a monthly employee listing with injury data for employees 

sustaining an injury during each month from 2011-2012. 

This data set included all injuries reported by workers at the participating facility. An 

injury was documented in the patient’s electronic medical record by onsite clinic staff whenever 

the patient reported an occupational injury or illness to the onsite occupational health clinic. The 

onsite occupational health clinic was staffed on all three shifts by nurses and/or paramedics. The 

policy of the participating facility was that all work-related injuries and illnesses were to be 

treated through the onsite occupational health clinic. If a patient sought treatment solely from an 

external provider however, then the injury would not be documented by the clinic staff or 

captured in this data set. 

This data set has several advantages over other data sources such as workers’ 

compensation claim data and freestanding or independent clinic data. Not all injuries generate 

medical expenses, which would result in the filing of a workers’ compensation claim. Workers’ 

compensation claim data, therefore, is unable to fully capture the overall injury experience of 

workers at a specific employer. Similarly, although freestanding or independent clinics that treat 

work-related injuries generally see patients employed in a variety of industries, they would not 

see every injury that was reported to individual employers. This data set is also unique when 

compared to data from the Bureau of Labor Statistics. The BLS captures OSHA recordable 

injuries, or injuries that employers are required to report to OSHA if they result in fatalities or if 

they require treatment beyond first aid. Since we have data on all injuries reported at the 

participating facility, regardless of the severity or OSHA recordability status, we are able to take 

a more comprehensive look at some of the factors associated with injury incidence. 

Injury characteristics 

Injury variables included in the OHM data were the date of injury, date injury was 

reported, injury type, nature of injury, and body part injured. The main outcome variables in this 

study, lost work days and restricted work days, were also collected from OHM. The primary 
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exposure of interest, injury reporting lag, was calculated as the difference between the date of 

injury and the date that the injury was reported. Injury reporting lag was divided into the 

categories of zero days, 1-7 days, and 8+ days. 

The variables injury type, nature of injury, and body part injured were condensed in a 

method similar to that of the job classification variable, with the goal of grouping injuries of 

similar mechanisms and nature of injury as much as possible. Injury type was categorized as 

acute strain/sprain, repetitive strain, fracture or crush type injury, superficial/integumentary, and 

multiple/other. The multiple/other category included injuries such as heat stress/exhaustion, 

electrical exposure, and smoke or chemical exposure; each of which would have resulted in 

relatively small cell sizes on their own. Injuries in which multiple injury types were involved 

were included in the other category if we were unable to distinguish which type was the primary 

contributor or mechanism of injury. 

Nature of injury was categorized as body posture, caught in/between or struck by/against, 

gripping/grasping, lifting/pushing/pulling, slip/fall, miscellaneous/other. The miscellaneous/other 

category included burns, foreign bodies, heat stress/exhaustion, and injuries in which there were 

no clear causes. The variable body part was divided into the categories of back, distal upper 

extremity, lower extremity, neck/shoulder/upper arm, and multiple/other. Distal upper extremity 

included injuries to the elbow, forearm, hand, and fingers. The multiple/other category included 

injuries to the chest, head, eye, and heat stress/exhaustion related injuries in which no specific 

body part was involved. Similarly, injuries in which multiple body parts were involved were 

included in the other category, as we were unable to determine from our data which body part 

was most severely injured. 

Worker Characteristics 

Demographic and job classification variables included gender, age, date of birth, job 

classification, job tenure, department, and shift. The age variable was divided into the categories 

of 18-29, 30-39, 40-49, and 50+ year olds. Age 18 was the minimum age requirement for 
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employment at the facility. Although there were three shifts at the facility, the shift variable was 

dichotomized into the categories of first shift and second or third shift because the third shift had 

relatively few injuries. Furthermore, our shift categorization falls in line with previous research 

that has categorized shift as “day shift” and “non-day shift” (de Castro et al, 2010), or any non-

day shift as a “non-standard” shift (Dembe et al., 2006). Tenure was defined as the number of 

months that a worker had been employed by the facility, and was categorized into 0-12 months, 

13-180 months, 181-360 months, and 361 or more months. The tenure length categories were 

empirically chosen based on natural breaks in the data. Previous studies have not included job 

tenure in their analyses in this way, so we were unable to use previous research as guidance. 

Job classification included the categories of assembler, foam machine operator, press 

operator, brazer, coating specialist, construction mechanic, die/mold setter, electrical specialist, 

fabrication setup/operator, fork truck mechanic, team/group leader, inspector, janitor, lean sigma 

tech, production specialist, material handler, mechanical specialist, molding machine operator, 

parts handler, plant utility assembler, plastics setup/operator, punch press operator, quality 

assurance tech, service specialist, tooling specialist, tubing fabrication setup/operator, and welder. 

Many of these job classifications were quite small, some having less than five injuries in the data 

set. To obtain cell sizes that were adequate for analysis and to avoid quasi-separation of data 

points, several steps were taken to condense the job classification categories. Grouping was 

initially done based primarily on similar job tasks and a priori knowledge of the participating 

facility’s operations. Assembly line workers consisted of workers that performed jobs directly on 

the main assembly lines of the plant. They performed jobs that were viewed as more highly 

repetitive than support department workers such as maintenance personnel and team/group 

leaders. This work included, but was not limited to the operation of pneumatic and non-powered 

hand tools, awkward postures such as bending and/or reaching, lifting parts and crates, and 

pushing/pulling carts and production units on and off of the assembly line. The tasks of the 
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assembly line workers were machine-paced, meaning that the pace of the job was determined by 

the machinery or assembly line. 

All maintenance, construction, and janitorial personnel were grouped together. The 

various press operators and machine operators were combined into one category. Some of the 

very small categories such as quality assurance technicians and service specialists were grouped 

into an “other” category. Assemblers and plant utility assemblers were also grouped together. 

This first attempt resulted in categories that were still too small for analysis. After further 

examining the distributions of our outcome variables of restricted work days (RWD) and lost 

work days (LWD) in relation to the job classification variable, the decision was then made to 

dichotomize the job classification variable into the categories of assembly line workers and 

support department workers. Assembly workers included the job classifications assembler, 

brazer, inspector, plant utility assembler and parts handler. The remaining job classifications were 

placed into the support department worker category. Some support department workers also 

performed machine paced work, such as press or machine operators, but the tasks and associated 

physical exposures differed significantly from workers on the main assembly lines. Other workers 

in the support department category, such as maintenance and construction, performed general 

factory and facilities maintenance and repair work (both mechanical and electrical) as well as 

construction operations at the facility. 

Analysis 

Data analysis was conducted using SAS 9.3. Bivariate distributions were obtained and 

tables were constructed between the independent variables (i.e., job classification, job tenure, 

shift, gender, age, injury type, nature of injury, and body part injured) and the dependent variables 

of restricted or lost work days. Chi-square or Fisher’s exact tests were conducted to statistically 

test differences in bivariate relationships. We initially attempted to fit the data to Poisson and 

negative binomial models since the dependent variables of restricted and lost work days were 

discrete counts. However, the distribution of our data fit neither the Poisson nor negative 
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binomial distributions, due to a very large number of cases with no lost or restricted days. After 

consultation with a biostatistician (Dr. Joseph Cavanaugh, personal communication, October 14, 

2015), we dichotomized the outcome variables as either the presence or absence of lost work days 

or restricted work days. To measure the impact of injury reporting lag on lost work days and 

restricted work days, we constructed binary logistic models.  Odds ratios and 95% confidence 

intervals were calculated from both models. 

Results 

A total of 1,258 injuries were reported to the MMF Occupational Health office during the 

years 2011 and 2012.  There were 924 injuries (73.45%) among assembly workers and 334 

(26.55%) among support department workers. The total number of males sustaining injuries was 

702 (55.80%), and the total number of females was 556 (44.20%). First shift workers sustained 

620 injuries (49.36%), while second or third shift workers sustained 637 injuries (50.64%). 

Workers ages 18-29 sustained 259 injuries (20.59%), while there were 281 injuries (22.34%) 

among 30-30 year olds, 332 injuries (26.39%) among 40-49 year olds, and 386 injuries (30.68%) 

among workers age 50 or over. Nearly 29% (n=364) of injuries occurred among workers with 0-

12 months of experience, compared to 37.52% (n=472) among workers with 13-180 months, 18% 

(n=227) among workers with 181-360 months, and 15.50% (n=195) among workers with at least 

361 months. 

Among injury types, 20% (n-256) were acute strains or sprains, 32.67% (n=411) were 

repetitive strains, 2.54% (n=32) were fractures or crush type injuries, 32.83% (n=413) were 

superficial or integumentary injuries, and 11.61% (n=146) were multiple or other injury types. 

Among external causes of injury, 11.92% (n=150) were related to body posture; 34.58% (n=435) 

were caused by being caught in or between, or struck by or against; 9.14% (n=115) were caused 

by gripping or grasping; 22.18% (n=279) were caused by lifting, pushing, or pulling; 5.96% 

(n=75) were caused by slips or falls; and 16.22% (n=204) were from miscellaneous causes. 

Among body part categories, injuries to the distal upper extremity accounted for the highest 
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proportion of reported injuries (n=520, 41.34%); followed by multiple or other body parts 

(n=292, 23.21%); injuries to the lower extremity (n=171, 13.59%); injuries to the neck, shoulder, 

or upper arm (n=162, 12.88%); and injuries to the back (n=113, 8.98%). 

Injury Reporting Lag 

Only 28.99% (n=60) of injuries with restricted days were reported on the date of injury, 

compared to 64.32% (n=676) of injuries without restricted days (Table 1). Conversely, 31.40% 

(n=65) of injuries involving restricted days were reported over one week after the date of injury, 

compared to only 12.46% (n=44) injuries not involving restricted days. Injuries involving 

restricted days were reported an average of 11.52 days after the date of injury, while injuries not 

involving restricted days were reported with an average of 6.78 days of lag time. Injuries with lost 

days were reported an average of 3.81 days after they occurred. Twelve (44.44%) injuries with 

lost days were reported on the same day in which they occurred, 11 (40.74%) were reported at 1-

7 days, and four (14.81%) were reported eight or more days after they occurred. Injury reporting 

lag was similar between shift categories. 

Nearly 60% (n=369) of first shift injuries were reported on the same day in which they 

occurred, 24.32% (n=183) were reported at 1-7 days, and 16.26% (n=101) were reported eight or 

more days after they occurred. Among injuries on second or third shift, 57.61% (n=367) were 

reported on the same day, 27.47% (n=175) were reported at 1-7 days, and 14.91% (n=95) were 

reported eight or more days after the date of injury. The average reporting lag for first shift 

injuries was 9.11 days, compared to 6.05 days for second or third shift workers. 

Assembly line workers reported injuries an average of 9.29 days after they occurred, 

compared to an average reporting lag of 2.77 days for support department workers. Just over half 

of assembly line workers reported injuries on the day in which they occurred (n=491, 53.14%), 

while 73.35% (n=245) of support department workers reported on the date of injury. In contrast, 

18.29% (n=169) of assembly line workers waited at least eight days to report their injuries, while 

only 8.08% (n=27) of support department workers reported over one week after the date of injury. 
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While the distribution of job tenure across injury reporting lag categories suggests that 

workers with low tenure take longer to report their injuries, workers with high tenure were 

observed to have a longer average reporting lag. Workers with 0-12 months of experience 

reported injuries an average of 6.38 days after they occurred, workers with 13-180 months had a 

reporting lag of 8.03 days, workers with 181-360 months of experience had a reporting lag of 

4.88 days, and workers with over 360 months of experience had a reporting lag of 11.74 days. 

Just under half of workers with 0-12 months of experience reported on the date of injury (n=181, 

49.73%); compared to 59.53% (n=281) of workers with 13-180 months, 62.56% (n=142 of 

workers with 181-360 months, and 67.69% (n=132) of workers with over 360 months. An 8+ day 

reporting lag was observed in 19.23% (n=70) of injuries reported among workers with 0-12 

months of experience, 15.04% (n=71) of injuries among workers with 13-180 months, 12.33% 

(n=28) of injuries among workers with 181-360 months, and 13.85% (n=27) of injuries among 

workers with over 360 months. 

The injury type with the longest observed reporting lag was the repetitive strain (19.81 

days), followed by acute strains and sprains (3.52 days), multiple or other injury types (1.45 

days), superficial or integumentary (0.60 days), and fractures or crush type injuries (0.25 days). 

Over 90% of fractures or crush type injuries were reported on the date of injury (n=29), and none 

were reported over a week after the date of injury. In contrast, only 19.71% (n=81) of repetitive 

strains were reported on the date of injury, and 39.17% (n=161) were reported after one week. 

Repetitive strain was the only category observed to have less than half of its injuries reported on 

the date of injury and over 10% of its injuries reported over a week after the date of injury. 

The highest proportion of injuries with a zero day lag time were injuries caused by being 

caught in or struck by an object (n=370, 85.06%) and slips and falls (n=59, 78.67%). The 

categories with the highest proportion of injuries with 8+ day reporting lags were injuries related 

to gripping or grasping (n=53, 46.09%); injuries related to lifting, pushing, or pulling (n=70, 

25.09%); and injuries related to awkward body posture (n=31, 21.33%). Injuries related to 
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gripping or grasping were observed to have the longest reporting lag at 27.85 days; followed by 

injuries related to lifting, pushing, or pulling (11.59 days), body posture (8.71 days), 

miscellaneous or other injuries (6.43 days), sip or fall injuries (1.07 days), and injuries caused by 

being caught in or struck by an object (0.87 days). 

Injuries to the back and injuries to the neck, shoulder, or upper arm were the body parts 

associated with the longest average reporting lag times, at 10.69 days and 10.19 days 

respectively. Other average reporting lag times for the body part variable were 4.46 days for 

lower extremity injuries, 3.95 days for injuries to multiple or other body parts, and 3.39 days for 

back injuries. Injuries to the neck, shoulder, or upper arm was the body part category with the 

highest proportion of injuries reported on the date of injury (n=68, 41.98%), followed by injuries 

to the back (n=58, 51.33%), and injuries to the distal upper extremity (n=270, 51.92). These were 

also the categories with the highest frequency of reported injuries with eight or more days of 

reporting lag. 

Restricted Work Days 

 Overall, 207 (16.45%) of the reported injuries led to restricted days (Table 2). Injuries 

among assembly line workers averaged 10.74 restricted days, and injuries among support 

department workers averaged 4.9 restricted days. Workers with less tenure tended to have more 

restricted days. Injuries reported among workers with 0-12 months of employment averaged 

10.37 restricted days, compared to 9.45 days for workers with 13-180 months of employment, 

9.07 days for workers with 181-360 days, and 6.49 days for workers with greater than 360 

months. 

 Over half of all reported fracture or crush type injures had restricted days (n=17, 

53.13%), compared 28.71% (n=118) of repetitive strains, and 19.53% (n=50) of acute strains and 

sprains. Repetitive strains had an average of 17.96 restricted days, fractures or crush type injuries 

had an average of 14.78 restricted days, and acute strains and sprains had an average of 11.96 

restricted days. The highest average number of restricted days was among gripping/grasping 
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injuries (17.96 days); followed by lifting, pushing, or pulling injuries (15.11 days); body posture 

related injuries (14.20 days); and slip or fall injuries (11.97 days). Injuries related to gripping and 

grasping was also the nature of injury category with the highest proportion of cases with 

restricted days (n=34, 29.67%); followed by lifting, pushing, or pulling (n=69, 24.73%); body 

posture injuries (n=32, 24.67%); and slip or fall injuries (n=15, 20.00%). 

 Injuries to the neck, shoulder, or upper arm had the highest average number of restricted 

work days (20.19 days). Injuries to the back averaged 15.38 restricted days, and injuries to the 

distal upper extremity averaged 9.31 days. These three body part categories also had the highest 

proportion of reported injuries with restricted days. Nearly 28% (n=45) of injuries to the neck, 

shoulder, or upper arm led to restricted days; 25% (n=28) of injuries to the back led to restricted 

days; and 17% (n=89) of injuries to the distal upper extremity led to restricted days. 

Lost Work Days 

 Overall, only 27 (2.15%) of the reported injuries led to lost work days (Table 3). The job 

classification with the highest proportion of reported injuries with lost work days was support 

department workers (n=14, 4.19%). Only 1.41% (n=13) of injured assembly line workers had lost 

work days. This was reversed from the results observed in restricted work days, in which 

assembly line workers had a higher proportion of injuries with restricted days than support 

department workers. 

 Less than one percent of injuries reported among 18-29 year olds had lost days (n=2, 

0.77%); compared to 1.07% (n=3) among 30-39 year olds, 2.41% (n=8) among 40-49 year olds, 

and 3.36% (n=14) among workers 50 or older. Among injury types, fracture or crush type injuries 

had the most reported injuries with lost days (n=3, 9.38%), followed acute strains and sprains 

(n=13, 5.08%). While fractures or crush injuries had the most lost days, they did not have the 

highest average number of lost days per injury. Acute strains and sprains had an average of 1.23 

lost days, repetitive strains had an average of 1.03 days, and fractures of crush type injuries had 

an average of only 0.31 days. A similar trend was observed in the job tenure variable. We 
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observed that there tended to be higher proportions of injuries with restricted days among lower 

tenure workers. In contrast, there tended to be a lower proportion of injuries with lost days among 

lower tenure workers. Only 1.10% (n=4) of injuries reported among workers with 0-12 months of 

experience had lost work days, compared to 1.27% (n=6) among workers with 13-180 months, 

3.52% (n=8) among workers with 181-360 months, and 4.62% (n=9) among workers with more 

than 360 months. 

 Among the external causes of injury, slip or fall related injuries had had the most injuries 

with lost work days (n=5, 6.67%); followed by body posture related injuries (n=8, 5.33%); 

injuries related to lifting, pushing, or pulling (n=6, 2.15%); and gripping or grasping related 

injuries (n=2, 1.74%). While slips and falls had the highest proportion of lost days, they only 

averaged 0.61 lost days, compared to 2.12 days for body posture related injuries. The body part 

category with the highest proportion of reported injuries with lost work days was injury to the 

neck, shoulder, or upper arm (n=11, 6.79%). Injuries to the back were observed to have the 

second highest proportion of reported injuries with lost work days (n=5, 4.42%). Back injuries 

and neck, shoulder, or upper arm injuries averaged 2.17 lost days per injury. 

Logistic Regression Predicting Restricted Work Days 

 Crude odds ratios for restricted work days are displayed in table 4. When creating a 

multivariable model for restricted work days, reporting lag was included first as the exposure of 

interest in our study. We then found that the best model fit was achieved by adjusting only for 

injury type. The AIC was 1038.58 for the unadjusted model with reporting lag as the only 

predictor, compared to 960.83 after adjusting for injury type. When compared to the reference 

category of zero day reporting lag, we found that reporting lags of 1-7 days (OR 2.58, 95% CI 

1.67 – 3.97) or 8 or more days (OR 3.40, 95% CI 2.07 – 5.59) were still significant predictors of 

restricted days after adjusting for injury type. No other variables made a significant impact on 

AIC, or significantly changed the point estimates, when added to the model. 
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Logistic Regression Predicting Lost Work Days 

Crude odds ratios for lost work days are displayed in table 5. As with restricted work 

days, reporting lag was added first as the main exposure of interest when building a multivariable 

model for lost work days. The AIC was 263.83 in the unadjusted model with reporting lag as the 

only predictor, 249.63 when adjusting for injury type, 245.20 when adjusting for injury type and 

job tenure; and finally 236.86 when adjusting for injury type, job tenure, and body part injured. 

No other variables made a significant difference in AIC or changed the point estimates 

significantly when added to the model. Reporting lag was not found to be a significant predictor 

of lost work days in the unadjusted model, and this did not change in the multivariable model. 

Compared to the reference category of zero day reporting lag, we found that reporting lags of 1-7 

days (OR 1.72, 95% CI 0.67 – 4.47) and 8 or more days (OR 1.09, 95% CI 0.28 – 4.23) were not 

significant predictors of lost work days after adjusting for injury type, job tenure, and body part 

injured. 

Discussion 

 Previous studies have shown that both reporting lag (Besen et al., 2016) (Shaw et al., 

2005) and treatment lag (McIntosh et al., 2000) (Infante-Rivard & Lortie, 1996) (Kominski et al., 

2008) have a negative impact on injury severity, as measured by length of disability and length of 

time receiving workers’ compensation benefits. Our analysis has shown that injury reporting lag 

is a significant predictor of restricted work days. The longer the lag time between the date of 

injury and the date that the injury is reported, the more likely it becomes that the injury leads to 

restricted days. Interestingly, this association was not observed with lost work days. 

We found that injury type was a significant predictor of both restricted days and lost 

days. The repetitive strain injury type category had the lowest proportion of injuries reported on 

the same day in which they occurred, while also having the highest proportion of injuries with 1-7 

day and 8+ day reporting lag. Repetitive strains also had the second highest proportion of injuries 

with restricted days. Given the nature of many repetitive strain injuries, such as carpal tunnel 
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syndrome, epicondylitis, or rotator cuff tendonitis, the gradual or insidious onset of these 

disorders could naturally lead to delayed reporting when compared to other injury types such as 

fractures or crushes, which had the highest proportion of injuries reported on the same day in 

which they occurred. This finding supports the need for better patient and employer education, as 

well as better surveillance practices for repetitive strain type injuries. 

Another interesting finding was that although age was not a significant predictor of lost 

work time, job tenure was significant. Workers with lower tenure tended to have increased work 

loss than workers with higher tenure. Previous studies have not examined the effect of length of 

employment on lost work time. This could again point to the need for improved training and 

education, especially for newer workers. 

The need for better training and education, as well as injury surveillance and treatment 

protocols, is reinforced by studies on the attitudes and behaviors of injured workers on the 

reasons for not reporting their injuries. Scherzer, Rugulies, and Kraus (2006) reported in a survey 

of 941 unionized hotel room cleaners that 75% reported experiencing work-related pain, but only 

31% reported their pain to management and 20% filed workers’ compensation claims. The most 

frequently cited barriers to reporting an injury were that it would be “too much trouble” (43%), 

fear of adverse consequences (26%), or simply did not know how to make a report (18%). In a 

2013 study by Moore et al., it was found that 27% of surveyed construction workers had 

sustained injuries but had not reported them to their employer. Among the most frequently cited 

reasons for not reporting were the attitude that pain was part of the job and a fear of not being 

hired for future projects. 

Tucker et al. found in a large 2014 survey of 21,345 Canadian workers that 21% of part 

time young workers had experienced a lost-time injury, but only about half of them had reported 

the injury to their employer or a physician. Lack of knowledge regarding the reporting process 

was again cited by workers as a reason for not reporting their injuries, as well as a concern about 

negative reaction from their employers. Lipscomb, Schoenfisch, & Cameron (2015) reported that 
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non-reporting was more prevalent in employers that had policies in place that threatened 

discipline for injured workers or offered prizes to groups of workers with low injury reporting. 

Conclusions 

Delayed injury reporting was shown in this study to have a significant impact on injury 

severity, in regards to the likelihood of an injury leading to restricted work days. Improvements 

are needed in patient and employer education, as well as injury surveillance and early access to 

treatment. Both the worker and employer share in this responsibility, as decreasing the lag time 

between the onset of symptoms and the report of an injury to the employer is an important step 

toward reducing injury severity. 
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Table 3.1: Injury Reporting Lag by Worker and Injury Characteristics 

  0 Days 1-7 Days 8+Days Total p Mean 

Characteristics n (%) n (%) n (%) n   (days) 

       

Total 736 (58.51) 326 (25.91) 196 (15.58) 1258   

       

Restricted Work Days       

Yes 60 (28.99) 82 (39.61) 65 (31.40) 207 <0.0001 11.52 

No 676 (64.32) 244 (23.22) 131 (12.46) 1051  6.78 

       

Lost Work Days       

Yes 12 (44.44) 11 (40.74) 4 (14.81) 27 0.1936 3.81 

No 724 (58.81) 315 (25.59) 192 (15.60) 1231  7.64 

       

Job Class       

Assembly Line 491 (53.14) 264 (28.57) 169 (18.29) 924 <0.0001 9.29 

Support Dept 245 (73.35) 62 (18.56) 27 (8.08) 334  2.77 

       

Job Tenure (months)       

0-12 181 (49.73) 113 (31.04) 70 (19.23) 364 0.002 6.38 

13-180 281 (59.53) 120 (25.42) 71 (15.04) 472  8.03 

181-360 142 (62.56) 57 (25.11) 28 (12.33) 227  4.88 

361+ 132 (67.69) 36 (18.46) 27 (13.85) 195  11.74 

       

Shift       

First 369 (59.42) 151 (24.32) 101 (16.26) 621 0.416 9.11 

Second or Third 367 (57.61) 175 (27.47) 95 (14.91) 637  6.05 

       

Gender       

Male 410 (58.40) 183 (26.07) 109 (15.53) 702 0.99 7.34 

Female 326 (58.63) 143 (25.72) 87 (15.65) 556  7.84 

       

Age       

18-29 148 (57.14) 66 (25.48) 45 (17.37) 259 0.067 4.76 

30-39 148 (52.67) 86 (30.60) 47 (16.73) 281  10.34 

40-49 193 (58.13) 93 (28.01) 46 (13.86) 332  4.92 

50+ 247 (63.99) 81 (20.98) 58 (15.03) 386  9.68 

       

Injury Type       

Acute Strain/Sprain 144 (56.25) 93 (36.33) 19 (7.42) 256 <0.0001 3.52 

Multiple/Other 124 (84.93) 18 (12.33) 4 (7.74) 146  1.45 

Repetitive Strain 81 (19.71) 169 (41.12) 161 (39.17) 411  19.81 

Fracture or 

Crush Type Injury 29 (90.63) 3 (9.38) 0 32  0.25 

Superficial/ 

Integumentary 358 (86.68) 43 (10.41) 12 (2.91) 413  0.6 
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Table 3.1 continued 

       

Nature of Injury       

Body Posture 62 (41.33) 56 (37.33) 32 (21.33) 150 <0.0001 8.71 

Caught In/Btw or 

Struck By/Against 370 (85.06) 50 (11.49) 15 (3.45) 435  0.87 

Gripping/Grasping 23 (20.00) 39 (33.91) 53 (46.09) 115  27.85 

Lifting/Pushing/Pulling 89 (31.90) 120 (43.01) 70 (25.09) 279  11.59 

Miscellaneous/Other 133 (65.20) 46 (22.55) 25 (12.25) 204  6.43 

Slip/Fall 59 (78.67) 15 (20.00) 1 (1.33) 75  1.07 

       

Body Part       

Back 58 (51.33) 38 (33.63) 17 (15.04) 113 <0.0001 3.39 

Distal Upper Extremity 270 (51.92) 150 (28.85) 100 (19.23) 520  10.69 

Lower Extremity 117 (68.42) 42 (24.56) 12 (7.02) 171  4.46 

Multiple/Other 223 (76.37) 46 (15.75) 23 (7.88) 292  3.95 

Neck/Shoulder/Upper 

Arm 68 (41.98) 50 (30.86) 44 (27.16) 162  10.19 
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Table 3.2: Restricted Work Days by Worker and Injury Characteristics 

  No Yes Total p Mean 

Characteristics n (%) n (%) n   (days) 

      

Total 1051 (83.55) 207 (16.45) 1258   

      

Job Class      

Assembly Line Worker 758 (82.03) 166 (17.97) 924 0.016 10.74 

Support Dept Worker 293 (87.72) 41 (12.28) 334  4.9 

      

Job Tenure (months)      

0-12 298 (81.87) 66 (18.13) 364 0.59 10.37 

13-180 393 (83.26) 79 (16.74) 472  9.45 

181-360 192 (84.58) 35 (15.42) 227  9.07 

361+ 168 (86.15) 27 (13.85) 195  6.49 

      

Shift      

First 527 (84.86) 94 (15.14) 621 0.213 8.01 

Second or Third 524 (82.26) 113 (17.74) 637  10.34 

      

Gender      

Male 591 (84.19) 111 (15.81) 702 0.49 8.35 

Female 460 (82.73) 96 (17.27) 556  10.25 

      

Age      

18-29 215 (83.01) 44 (16.99) 259 0.992 7.88 

30-39 235 (83.63) 46 (16.37) 281  8.97 

40-49 277 (83.43) 55 (16.57) 332  8.25 

50+ 324 (83.94) 62 (16.06) 386  11.03 

      

Injury Type      

Acute Strain/Sprain 206 (80.47) 50 (19.53) 256 <0.0001 11.96 

Multiple/Other 142 (97.26) 4 (2.74) 146  1.49 

Repetitive Strain 293 (71.29) 118 (28.71) 411  17.96 

Fracture or 

Crush Type Injury 15 (46.88) 17 (53.13) 32  14.78 

Superficial/Integumentary 395 (95.64) 18 (4.36) 413  1.03 
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Table 3.2 continued 

      

Nature of Injury      

Body Posture 113 (75.33) 37 (24.67) 150 <0.0001 14.2 

Caught In/Btw or 

Struck By/Against 398 (91.49) 37 (8.51) 435  3.46 

Gripping/Grasping 81 (70.43) 34 (29.57) 115  16.45 

Lifting/Pushing/Pulling 210 (75.27) 69 (24.73) 279  15.11 

Miscellaneous/Other 189 (92.65) 15 (7.35) 204  4.49 

Slip/Fall 60 (80.00) 15 (20.00) 75  11.97 

      

Body Part      

Back 85 (75.22) 28 (24.78) 113 <0.0001 15.38 

Distal Upper Extremity 431 (82.88) 89 (17.12) 520  9.13 

Lower Extremity 149 (87.13) 22 (12.87) 171  4.29 

Multiple/Other 269 (92.12) 23 (7.88) 292  3.65 

Neck/Shoulder/Upper Arm 117 (72.22) 45 (27.78) 162  20.19 
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Table 3.3: Lost Work Days by Worker and Injury Characteristics 

  No  Yes Total p Mean 

Characteristics n (%) n (%) n   (days) 

      

Total 1231 (97.85) 27 (2.15) 1258   

      

Job Class      

Assembly Line Worker 911 (98.59) 13 (1.41) 924 0.003 0.54 

Support Dept Worker 320 (95.81) 14 (4.19) 334  0.8 

      

Job Tenure (months)      

0-12 360 (98.90) 4 (1.10) 364 0.012 0.35 

13-180 466 (98.73) 6 (1.27) 472  0.83 

181-360 219 (96.48) 8 (3.52) 227  0.81 

361+ 186 (95.38) 9 (4.62) 195  0.3 

      

Shift      

First 604 (97.26) 17 (2.74) 621 0.153 0.45 

Second or Third 627 (98.43) 10 (1.57) 637  0.77 

      

Gender      

Male 686 (97.72) 16 (2.28) 702 0.715 0.88 

Female 545 (98.02) 11 (1.98) 556  0.27 

      

Age      

18-29 257 (99.23) 2 (0.77) 259 0.046 0.27 

30-39 278 (98.93) 3 (1.07) 281  0.9 

40-49 324 (97.59) 8 (2.41) 332  0.53 

50+ 372 (96.37) 14 (3.63) 386  0.7 

      

Injury Type      

Acute Strain/Sprain 243 (94.92) 13 (5.08) 256 <0.0001 1.23 

Multiple/Other 144 (98.63) 2 (1.37) 146  0.02 

Repetitive Strain 403 (98.05) 8 (1.95) 411  1.03 

Fracture or 

Crush Type Injury 29 (90.63) 3 (9.38) 32  0.31 

Superficial/Integumentary 412 (99.76) 1 (0.24) 413  0.04 
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Table 3.3 continued 

      

Nature of Injury      

Body Posture 142 (94.67) 8 (5.33) 150 0.002 2.12 

Caught In/Btw or 

Struck By/Against 432 (99.31) 3 (0.69) 435  0.06 

Gripping/Grasping 113 (98.26) 2 (1.74) 115  0.77 

Lifting/Pushing/Pulling 273 (97.85) 6 (2.15) 279  0.84 

Miscellaneous/Other 201 (98.53) 3 (1.47) 204  0.27 

Slip/Fall 70 (93.33) 5 (6.67) 75  0.61 

      

Body Part      

Back 108 (95.58) 5 (4.42) 113 <0.0001 2.17 

Distal Upper Extremity 517 (99.42) 3 (0.58) 520  0.03 

Lower Extremity 167 (97.66) 4 (2.34) 171  0.26 

Multiple/Other 288 (98.63) 4 (1.37) 292  0.37 

Neck/Shoulder/Upper Arm 151 (93.21) 11 (6.79) 162  2.17 
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Table 3.4: Logistic Regression Predicting Restricted Work Days 

Covariates n OR 95% CI 

    

Injury Reporting Lag    

0 days 736 ref  

1-7 days 326 3.79 2.63 - 5.45 

8+ days 196 5.59 3.76 - 8.32 

    

Job Class    

Assembly Line Worker 924 ref  

Support Dept Worker 334 0.64 0.44 - 0.92 

    

Job Tenure (months)    

0-12 364 ref  

13-180 472 0.91 0.63 - 1.30 

181-360 227 0.82 0.53 - 1.29 

361+ 195 0.73 0.45 - 1.18 

    

Shift    

First 621 ref  

Second or Third 637 1.21 0.90 - 1.63 

    

Gender    

Male 702 ref  

Female 556 1.11 0.82 - 1.50 

    

Age    

18-29 259 ref  

30-39 281 0.96 0.61 - 1.50 

40-49 332 0.97 0.63 - 1.50 

50+ 386 0.94 0.61 - 1.47 

    

Injury Type    

Acute Strain/Sprain 256 0.6 0.41 - 0.88 

Multiple/Other 146 0.07 0.03 - 0.19 

Repetitive Strain 411 ref  

Fracture or 

Crush Type Injury 32 2.81 1.36 - 5.82 

Superficial/Integumentary 413 0.11 0.07 - 0.19 
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Table 3.4 continued 

    

Nature of Injury    

Body Posture 150 0.78 0.45 - 1.35 

Caught In/Btw or 

Struck By/Against 435 0.22 0.13 - 0.37 

Gripping/Grasping 115 ref  

Lifting/Pushing/Pulling 279 0.78 0.48 - 1.27 

Miscellaneous/Other 204 0.19 0.10 - 0.37 

Slip/Fall 75 0.6 0.30 - 1.19 

    

Body Part    

Back 113 1.6 0.98 - 2.59 

Distal Upper Extremity 520 ref  

Lower Extremity 292 0.72 0.43 - 1.18 

Multiple/Other 292 0.41 0.26 - 0.67 

Neck/Shoulder/Upper Arm 162 1.86 1.23 - 2.81 
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Table 3.5: Logistic Regression Predicting Lost Work Days 

Covariates n OR 95% CI 

    

Injury Reporting Lag    

0 days 736 ref  

1-7 days 326 2.11 0.92 - 4.83 

8+ days 196 1.26 0.40 - 3.94 

    

Job Class    

Assembly Line Worker 924 ref  

Support Dept Worker 334 3.07 1.43 - 6.59 

    

Job Tenure (months)    

0-12 364 ref  

13-180 472 1.16 0.33 - 4.14 

181-360 227 3.29 0.98 - 11.05 

361+ 195 4.36 1.32 - 14.33 

    

Shift    

First 621 ref  

Second or Third 637 0.57 0.26 - 1.25 

    

Gender    

Male 702 ref  

Female 556 0.87 0.40 - 1.88 

    

Age    

18-29 259 ref  

30-39 281 1.39 0.23 - 8.37 

40-49 332 3.17 0.67 - 15.07 

50+ 386 4.84 1.09 - 21.46 

    

Injury Type    

Acute Strain/Sprain 256 2.7 1.10 - 6.60 

Multiple/Other 146 0.7 0.15 - 3.33 

Repetitive Strain 411 ref  

Fracture or 

Crush Type Injury 32 5.21 1.31 - 20.70 

Superficial/Integumentary 413 0.12 0.02 - 0.98 
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Table 3.5 continued 

    

Nature of Injury    

Body Posture 150 3.18 0.66 - 15.29 

Caught In/Btw or 

Struck By/Against 435 0.39 0.07 - 2.38 

Gripping/Grasping 115 ref  

Lifting/Pushing/Pulling 279 1.24 0.25 - 6.25 

Miscellaneous/Other 204 0.84 0.14 - 5.12 

Slip/Fall 75 4.04 0.76 - 21.38 

    

Body Part    

Back 113 7.98 1.88 - 33.89 

Distal Upper Extremity 520 ref  

Lower Extremity 292 4.13 0.92 - 18.63 

Multiple/Other 292 2.39 0.53 - 10.77 

Neck/Shoulder/Upper Arm 162 12.55 3.46 - 45.58 
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CHAPTER 4 

A WORKPLACE INJURY TREATMENT PROGRAM DESIGNED 

TO REDUCE TREATMENT LAG TIME 

Abstract 

Background: Work-related musculoskeletal disorders represent a persistent burden to the 

manufacturing sector. The Bureau of Labor Statistics consistently shows manufacturing to be 

among industries with the highest rate of repetitive motion injuries and injuries caused by contact 

with objects or equipment. Musculoskeletal disorders contribute to absenteeism, lost productivity, 

and workers’ compensation costs. Despite these concerns, little research has been done to provide 

evidence-based injury prevention or treatment interventions to reduce this burden. This study 

describes a workplace injury treatment intervention designed to reduce treatment lag time, and 

identify the factors associated with intervention success. 

Methods: We collected data from a large Midwestern manufacturing facility from the years 2007-

2009 on injured workers treated for musculoskeletal disorders through an intervention designed to 

provide physical therapy within three days after an injury was reported. Descriptive statistics and 

logistic regression were used to determine the factors associated with program discharge success, 

defined as returning workers to their baseline job duties. 

Results: Patient age was the only significant predictor of discharge status. Among age categories, 

40-49 year olds (OR 0.30, 95% CI 0.15 – 0.60) and workers age 50 or over (OR 0.44, 95% CI 

0.21 – 0.92) were less likely to be successfully discharged than the reference group of 18-29 year 

olds. 

Conclusions: The program described in this paper was found to be very effective in treating the 

injured individuals that were referred to the program and releasing them back to their full job 

duties. Nearly two-thirds of the injured workers referred to the program were successfully 

discharged regardless of the body part injured, the cause of injury, or the nature of injury. The 
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program is worthy of further investigation as an alternative or supplement to traditional care of 

work-related injuries. 

Introduction 

Work-related musculoskeletal disorders (MSDs) are a persistent problem in the 

manufacturing industry. Throughout the years of 2007-2014, the incidence rate of repetitive 

motion type injuries requiring days away from work was higher in manufacturing than in any 

other private industry (BLS, 2008) (BLS, 2009) (BLS, 2010) (BLS, 2011) (BLS, 2012) (BLS, 

2013) (BLS, 2014) (BLS, 2015). The incidence rate for repetitive motion injuries requiring days 

away from work in manufacturing ranged from 6.4 to 8.0, while the incidence rate for private 

industry overall ranged from 2.7 to 3.5. During this same time period of 2007-2014, 

manufacturing also had a consistently higher rate of injury caused by contact with objects or 

equipment than private industry as a whole. The incidence rate for injuries caused by contact with 

objects or equipment in manufacturing ranged from 36.8 to 44.2, while the incidence rate for 

these injuries in private industry overall ranged from 24.0 to 30.7. (BLS, 2008) (BLS, 2009) 

(BLS, 2010) (BLS, 2011) (BLS, 2012) (BLS, 2013). In addition, manufacturing had a higher rate 

of overexertion injuries that required days away from work compared to the overall rate of 

overexertion injuries in private industries in 2008 (BLS, 2009) and 2014 (BLS, 2015). 

MSDs incur a heavy financial burden on the worker, workplace, and the overall U.S. 

economy. Adverse outcomes and costs seen by the employer include absenteeism, lost 

productivity, and workers’ compensation expenses (Alipour, 2009) (Baldwin, 2004) (Stewart, 

2003). Although data specific to the manufacturing sector is not available, the Institute of 

Medicine has estimated that the overall, annual economic burden of work-related MSDs is 

between $45 and $54 billion (NAP, 2001). 

Given the magnitude of the problem of MSDs in manufacturing, there is surprisingly 

little research available on interventions to reduce the burden. Most programs with an evidence 

base have focused on primary intervention strategies – that is, approaches to prevent MSDs from 
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occurring. For example, research has been conducted on participatory ergonomics programs, in 

which workers are involved in the process of evaluating and making changes to the jobs that they 

perform. Participatory ergonomics have been shown to have a positive effect on psychosocial risk 

factors, such as workplace communication, decision latitude, and employee influence in the 

workplace. The impact of these programs on the incidence of injury, however, has been mixed 

(Motamedzade, 2011) (Laing, 2007) (Laing, 2005). Other studies promote engineering 

interventions that reduce physical hazards posed to workers (Ferguson et al., 2011) 

(Dormohammadi et al., 2012). While trying to eliminate potentially hazardous exposures or 

instituting engineering controls is preferable in most cases, it may not always 100% effective or 

practical for businesses due to cost. 

While these primary prevention approaches to prevent work related MSDs are indeed 

important pieces of a comprehensive injury prevention program, it is also important to develop 

evidence based secondary prevention programs to improve the quality of post-injury care. By 

identifying work-related musculoskeletal disorders early and delivering timely, appropriate 

treatment, recovery time and lost productivity can be reduced. The provision of timely care is 

critical in order to reduce injury severity and to lessen the overall impact of an injury on the 

worker and the workplace. Injured workers who experience treatment delays can have prolonged 

recovery time, leading to restricted days, lost days, and increased workers’ compensation 

expenses (Wilkie & Pransky, 2011) (Horsley, 2011) (Baldwin, 2004). In order to ensure that 

appropriate care is delivered in a timely manner, both the injured worker and the employer bear 

responsibilities to assure that treatment can be provided efficiently and that the worker returns to 

baseline level functioning as soon as possible. The injured worker must first report his or her 

symptoms promptly after experiencing them, and the employer must then have effective protocols 

in place to manage the delivery of health care services to the injured worker. 

Unfortunately, there is little scientific evidence available in regards to best practices for 

the delivery of care in an occupational health setting. The purpose of this study is to describe a 
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unique program for managing care of work-related injuries and to identify the characteristics of 

workers and injuries that are predictive of successful discharge from the program. 

Program Background 

In 2006, the safety and health staff at a large Midwestern manufacturing facility (MMF) 

observed that the standard care plan for employees with work-related musculoskeletal disorders 

typically involved physical therapy, but barriers to care delayed the delivery of these services for 

as long as a week or more. Two points of delay were salient. After an injured worker reported 

symptoms of a musculoskeletal disorder to the onsite Occupational Health Nurse, he or she would 

be scheduled to see an occupational physician if it was determined that the injury warranted more 

than conservative care such as ice or heat treatments, over the counter pain medications, or the 

application of simple joint supports. Often, there would be a lag time of one or more days 

between the date that the injury was first reported and the date of the first visit to the physician. 

During the physician visit, a plan of care was developed which frequently included physical 

therapy. A second delay was observed between the visit to the occupational physician and the 

first visit to physical therapy. 

In an effort to circumvent these delays in treatment, the MMF safety and health staff 

developed a new protocol for workers experiencing symptoms of musculoskeletal disorders. The 

protocol provided a short course of physical therapy before referring them to the occupational 

physician. Research has shown that physical therapists possess the adequate knowledge to 

effectively manage the treatment of musculoskeletal disorders (Childs, 2005). More importantly, 

trained occupational health nurses possess the skills necessary to effectively manage the care of 

injured workers. As indicated by the American Association of Occupational Health Nurses 

(AAOHN), occupational health nurses can manage total worker health both independently and 

collaboratively with other team members through the planning, implementation, and evaluation of 

health and safety programs and services; as well as the coordination of patient care for health 
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promotion, injury and illness management, disability prevention, and facilitation of return to work 

(AAOHN, 2015). 

 

The protocol developed by the facility, called the Pilot Physical Therapy (PPT) program 

(Figure 1), was designed to provide workers with a visit to a physical therapist within three 

business days of reporting a MSD to their onsite employee health clinic. The workers were then 

followed over a period of one to two weeks for a total of two to three physical therapy visits. 

During the physical therapy sessions, the therapists advised patients on home exercise programs, 

Figure 4.1: Pilot Physical Therapy Program 

Worker performing regular job duties 

(baseline) 

Worker experiences MSD symptoms 

Worker reports MSD symptoms to 

occupational health nurse 

Occupational health nurse monitors 

condition, conservative care 

Occupational health nurse refers 

worker to occupational physician 

Physician refers worker to physical 

therapy (or other provider) 

Occupational health nurse refers 

worker to PPT program 
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stretching, and proper mechanics when performing job tasks. Other physical therapy modalities 

used in the program included iontophoresis, ultrasound, and massage. Transitional work was 

arranged within the injured workers’ job classifications by the onsite Occupational Health Nurse, 

with the goal of keeping the employees at work and productive in some capacity. If symptoms 

failed to improve or resolve, then the worker would be referred to an occupational physician for 

further treatment. If symptoms improved, the worker would be discharged and returned to their 

previous duties. 

Methods 

Design 

To describe the characteristics of the workers and injuries that were referred to the PPT 

program and the characteristics of workers and injuries that the program was most successful in 

treating, we conducted a retrospective study of cases treated by the PTT program from 2007 

through 2009. Although the PPT program was started in 2006, we only included the years 2007 

through 2009 in this study to help control for any inconsistent referral practices or other 

implementation inconsistencies that may have been present immediately after the program was 

launched. 

Data 

 Demographic and treatment data were provided by the participating facility, and included 

the variables gender, age category, body part injured, nature of injury, cause of injury, job 

classification, and program discharge status. Age was divided into the categories of 18-29, 30-39, 

40-49, and 50+. Age 18 was set as the lower limit because it was the minimum age requirement 

for employment at the participating facility. Body part injured was categorized as injuries to the 

back, upper extremity, lower extremity, and neck and shoulder. The nature of injury variable was 

dichotomized as injuries that were acute in nature or injuries that were cumulative or had a 

gradual onset. Cause of injury categories included body posture; lifting, pushing, or pulling; 

gripping or grasping; and injuries caused by other or unspecified causes. The body posture 
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category included injuries that were caused by bending, twisting, or reaching. The other or 

unspecified category included injuries caused by being struck by an object, stuck against an 

object, or injuries in which we were unable to determine the cause from the records provided by 

the participating facility. 

The job classification variable was dichotomized into the categories of assembly worker 

and support department worker. The assembly worker category included the job classifications of 

assembler, brazer, and inspector. Assemblers had the most varied job requirements, which 

included reaching and bending into units while installing parts, operating pneumatic tools such as 

screw guns and air hammers, reaching at or above shoulder level to install parts, fine 

manipulation of small parts, lifting of boxes or other components, or any combination of these 

tasks. The work of the brazers involved fitting metal joints using a torch and metal filler. Brazing 

work could involve some static arm postures while gripping the brazing torch and metal rod. The 

tasks of inspectors could range from reaching into units to perform tests on various components 

to simple visual inspection of the production units. The support department worker category 

included the job classifications of press or machine operator, material handler, custodian, 

maintenance worker, construction worker, team leader, and quality auditor. Press or machine 

operators performed tasks such operating large metal presses or plastic molding machines. 

Material handlers primarily operated powered industrial equipment such as fork lifts or tuggers, 

but also performed some manual material handling. The job classifications included in the 

assembly category were combined due to the highly repetitive, machine-paced nature of the work. 

Some job classifications included in the support department category were also machine paced, 

such as press and machine operators, but the nature of the work and physical exposures were 

considered to be different enough to place them in a separate category. 

Analysis 

Data analysis was conducted using SAS 9.3. Descriptive statistics and tables were 

generated to describe the distribution of demographic and injury characteristics by discharge 
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status and number of program visits. Chi-square or Fisher’s exact tests were conducted to 

statistically test for differences in bivariate relationships. Using a predictive modeling approach, 

logistic regression models were used to identify predictors of successful discharge from the 

program. Discharge status was modeled as the dependent, or outcome variable; while the 

variables number of gender, age category, body part injured, nature of injury, cause of injury, and 

job classification were the independent, or predictor variables. The AIC statistic was used to help 

determine which predictor variables to include when fitting a multiple logistic regression model. 

Results 

A total of 342 injured workers were referred to the PPT program during the study period. 

Males accounted for 43.86% of the referrals (n=150), while females accounted for 56.14% 

(n=192). About 19% (n=66) of the referrals were 18-29 years old, 25.73% (n=88) were 30-39 

year olds, 29.53% (n=101) were 40-49 year olds, and 25.44% (n=87) were age 50 or older. 

Injuries to the upper extremity represented the highest proportion of injured body parts that were 

referred to the program (n=135, 39.47%), followed by neck or shoulder injuries (n=110, 32.16%), 

back injuries (n=81, 23.68%), and lower extremity injuries (n=16, 4.68%). Injuries that were 

cumulative in nature (n=261, 76.32%), or had a gradual onset, were represented at a much higher 

proportion than acute injuries (n=81, 23.68%). 

Among cause of injury categories, there were 102 (29.82%) injuries related to body 

posture; 96 (28.07%) related to lifting, pushing, or pulling; 77 (22.51%) with other or unspecified 

causes; 57 (16.67%) related to gripping or grasping; and 10 (2.92%) related to slips or falls. 

Assembly workers accounted for 86.55% (n=296) of program referrals, while support department 

workers accounted for only 13.45% (n=46). Overall, 63.16% (n=216) of the injured workers 

referred to the program were successfully returned to their previous duties, while 36.84% (n=126) 

were referred on to the care of an occupational medicine physician. 
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Discharge Status 

 Overall, 216 (63.16%) of the injured workers referred to the program were successfully 

discharged back to their previous work duties, and 126 (36.84%) were referred on to the care of 

an occupational health physician (Table 2). Sixty-five percent (n=98) of males were discharged 

successfully, and 61.46% (n=118) of females were discharged successfully. Back injuries showed 

the highest proportion of successful discharges at 70.37% (n=57), followed by lower extremity 

injuries (n=11, 68.75%), upper extremity injuries (n=88, 65.19%), and neck or shoulder injuries 

(n=60, 54.55%). Discharge success was similar for acute injuries (n=52, 64.20%) and cumulative 

injuries (n=164, 62.84). Injuries caused by slips or falls had the highest proportion of successful 

discharge (n=7, 70%); followed by body posture (n=67, 65.69%); other or unspecified causes 

(n=49, 63.64%); gripping or grasping (n=36, 63.16%); and lifting, pushing, or pulling related 

injuries (n=57, 59.38%). Assembly workers (n=184, 62.16%) had a slightly lower proportion of 

successful discharges than support department workers (n=32, 69.57%). The age category of 18-

29 year olds had the highest proportion of workers with successful discharge from the program 

(n=52, 78.79%), compared to 64.77% (n=57) of 30-39 year olds, 52.48% (n=53) of 40-49 year 

olds, and 62% (n=54) of workers age 50 and over. 

Predictors of Discharge Status 

 No difference in discharge status was observed for females when compared to males (OR 

0.85, 95% CI 0.54 – 1.32). Among age categories, 40-49 year olds (OR 0.30, 95% CI 0.15 – 0.60) 

and workers age 50 or over (OR 0.44, 95% CI 0.21 – 0.92) were less likely to be successfully 

discharged than the reference group of 18-29 year olds. Compared to the reference group of 

injuries to the upper extremity, injuries to the neck or shoulder were less likely to be successfully 

discharged, but the result was not statistically significant (OR 0.64, 95% CI 0.38 – 1.07). When 

compared to the reference category of cumulative injuries, no difference was observed in the 

discharge status of acute injuries (OR 1.06, 95% CI 0.63 – 1.78). No differences in discharge 

status were observed among the cause of injury categories of body posture (OR 1.12, 95% CI 
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0.57 – 2.20); lifting, pushing, or pulling (OR 0.85, 95% CI 0.43 – 1.67), other or unspecified (OR 

1.02, 95% CI 0.50 – 2.08), or slips or falls (OR 1.36), 95% CI 0.32 – 5.84) when compared to the 

reference category of gripping or grasping. Among job classifications, no difference in discharge 

status was observed for support department workers (OR 1.39, 95% CI 0.71 – 2.72) when 

compared to the reference category of assembly workers. 

 The AIC statistic and change in estimate criterion were used when building a multiple 

logistic regression model. The AIC value was 445.66 for the simple logistic model with age 

category as the only predictor of discharge status. No other variables improved the AIC or 

significantly changed the point estimates when they were added to the model. 

Discussion 

This purpose of this paper is to describe the characteristics of injured workers who were 

referred to the PPT program, and the characteristics of workers and injuries that the program was 

most successful in treating. Overall, we found that the program was quite successful for the 

patients that were referred to it. Nearly two-thirds of the injured workers who were referred to the 

program demonstrated enough improvement to be discharged to their regular work duties without 

further treatment. Male and female workers benefited equally from the program. We also found 

that a higher proportion of younger workers were discharged successfully than older workers. 

Research has shown that although younger workers may be injured more frequently than older 

workers, and those injuries are often less severe (Salminen, 2004). Further research could be 

beneficial to determine if co-morbidities prevent older workers from being as successful in the 

program as younger workers, or if age or job tenure has an effect on the exposures and injuries 

sustained by the workers. 

The finding that the program was equally effective for acute onset injuries and gradual 

onset injuries was unexpected. It was expected that injuries with an insidious onset, or not related 

to a specific incident, would lead to longer recovery times and require more treatment than what 

the program could offer. Musculoskeletal disorders such as epicondylitis or rotator cuff tendonitis 
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tend to develop over time (Chard, Sattelle, & Hazleman, 1988) (Gruchow & Pelletier, 1979), and 

would be expected to have longer recovery periods than acute injuries such as a wrist sprain or 

muscle strain. Yet, our results strongly support that the PPT program is just as effective for 

cumulative injuries as it was for acute injuries. The finding that the injured body part did not have 

a significant effect on discharge status was also surprising. We expected that back injuries and 

neck or shoulder injuries would be more likely to be referred on to the care of a physician. 

Injuries to the neck and shoulder area, such as rotator cuff tendonitis or impingement syndrome, 

can be difficult to manage with a brief intervention such as the pilot program than injuries to 

other body parts. Burbank et al. (2008) pointed out that even minor rotator cuff tears may be 

treated conservatively for 6-12 weeks before referral to orthopedics. In an article on the treatment 

of injured overhead throwing athletes, it was recommended that the athletes refrain from 

overhead throwing for 2-4 weeks for tendonitis and 2-12 weeks for internal impingement 

syndrome (Wilk, Meister, & Andrews, 2002). 

This study has several weaknesses. We did not have access to follow-up data, so it is 

likely that some of the injured workers who were initially discharged successfully from the 

program returned to the onsite employee health clinic due to exacerbations of their symptoms. 

These individuals would have then been referred to the occupational physician. We also do not 

know how the outcomes associated with this program compared to the “standard” care that would 

have been in place prior to the implementation of the pilot program since we did not have access 

to that data. Similarly, we did not have access to treatment data on injured workers from the 

participating facility that were referred directly to the occupational physician. Thus, no 

comparisons of outcomes or injury characteristics of injured workers not treated by the PTT 

program could be made with this group of PTT-treated injured workers. Additional areas of 

future research on this topic include comparing treatment outcomes between the pilot program 

and standard care. Outcome comparisons could include the number of restricted work days 

associated with each injury and the direct treatment costs for each injury. Similarly, the data 
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limitations prevented us from controlling for injury severity. Less severe injuries would certainly 

be expected to have better outcomes in this treatment program, but this detail was beyond the 

scope of the available data. 

It is possible that selection bias could have affected our results. Without specific 

directives on which injuries should have been referred to the pilot program, the decision to refer 

an injured individual rested upon the judgment of the occupational health nurse staffing the 

occupational health clinic at the time the injury was reported. On the other hand, this shows that 

physical assessment by the occupational health nurses may have served as effective screening 

tools that guided treatment plans. Hence, the injuries that were perceived to most likely benefit 

from the PPT program were referred, while the more severe injuries were sent directly to the care 

of a physician. Nonetheless, the results from this study could serve to fine-tune the referral 

process, to ensure that more injured workers are seen by the provider that will benefit them the 

most. Based on the positive results of this study, one option could be to schedule a visit to the 

occupational physician in conjunction with the referral to the PPT program for workers that fall 

into an older age category. 

Conclusions 

The pilot physical therapy program described in this paper was found to be very effective 

in treating the injured individuals that were referred to the program and releasing them back to 

their full job duties. Nearly two-thirds of the injured workers referred to the program were 

successfully discharged regardless of the body part injured, the cause of injury, or the nature of 

injury. The program is worthy of further investigation as an alternative or supplement to 

traditional care of work-related injuries.  
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Table 4.1: Pilot Program Discharge Status by Worker and Injury Characteristics 

  
Return to Regular 

Work Duties 

Referral to 

Physician Total 

p 

value 

Characteristics n (%) n (%) n   

     

Total 216 (63.16) 126 (36.84) 342  

     

Gender     

Male 98 (65.33) 52 (34.67) 150 0.461 

Female 118 (61.46) 74 (38.54) 192  

     

Age     

18-29 52 (78.79) 14 (21.21) 66 0.007 

30-39 57 (64.77) 31 (35.23) 88  

40-49 53 (52.48) 48 (47.52) 101  

50+ 54 (62.07) 33 (37.93) 87  

     

Body Part     

Back 57 (70.37) 24 (29.63) 81 0.123 

Upper Extremity 88 (65.19) 47 (34.81) 135  

Lower Extremity 11 (68.75) 5 (31.25) 16  

Neck or Shoulder 60 (54.55) 50 (45.45) 110  

     

Nature of Injury     

Acute Injury 52 (64.20) 29 (35.80) 81 0.824 

Cumulative or Gradual Onset 164 (62.84) 97 (37.16) 261  

     

Cause of Injury     

Body Posture 67 (65.69) 35 (34.31) 102 0.898 

Gripping or Grasping 36 (63.16) 21 (36.84) 57  

Lifting, Pushing, or Pulling 57 (59.38) 39 (40.63) 96  

Other or Unspecified 49 (63.64) 28 (36.36) 77  

Slip or Fall 7 (70.00) 3 (30.00) 10  

     

Job Classification     

Assembly 184 (62.16) 112 (37.84) 296 0.333 

Support Department 32 (69.57) 14 (30.43) 46  
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Table 4.2: Logistic Regression for Pilot Program Discharge Success 

Covariates n OR 95% CI 

    

Gender    

Male 150 ref  

Female 192 0.85 0.54 - 1.32 

    

Age    

18-29 66 ref  

30-39 88 0.5 0.24 - 1.03 

40-49 101 0.3 0.15 - 0.60 

50+ 87 0.44 0.21 - 0.92 

    

Body Part    

Back 81 1.27 0.70 - 2.30 

Upper Extremity 135 ref  

Lower Extremity 16 1.18 0.39 - 3.58 

Neck or Shoulder 110 0.64 0.38 - 1.07 

    

Nature of Injury    

Acute Injury 81 1.06 0.63 - 1.78 

Cumulative or Gradual Onset 261 ref  

    

Cause of Injury    

Body Posture 102 1.12 0.57 - 2.20 

Gripping or Grasping 57 ref  

Lifting, Pushing, or Pulling 96 0.85 0.43 - 1.67 

Other or Unspecified 77 1.02 0.50 - 2.08 

Slip or Fall 10 1.36 0.32 - 5.84 

    

Job Classification    

Assembly 296 ref  

Support Department 46 1.39 0.71 - 2.72 
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CHAPTER 5 

CONCLUSIONS 

Current Project 

 Work-related injuries are a persistent problem in the manufacturing sector; however, little 

research has been done to help determine the factors associated with injury incidence and injury 

severity in manufacturing. Similarly, there are few evidence-based injury prevention or injury 

treatment interventions in peer-reviewed literature. The aims of this project were to determine the 

impact of shift work on injury incidence, to determine the impact of injury reporting lag on injury 

severity, and to identify the characteristics of workers and injuries that were predictive of 

successful discharge from a novel workplace injury treatment protocol. 

 For paper one, the working population of a large Midwestern manufacturing facility was 

followed from 2011-2012 to determine the impact of shift on injury incidence. We found that 

only workers on second shift had a higher rate of injury than first shift workers, a result that was 

marginally significant (IRR 1.10, 95% CI 0.95 – 1.27). The rate of injury among third shift 

workers was not significantly different than that of first shift workers. Although we did not find 

shift to be a significant predictor of injury among manufacturing workers, as previous studies had 

in healthcare (de Castro et al., 2010) (Hopcia et al., 2012) (Stimpfel, Brewer, & Kovner, 2015) 

(Horwitz & McCall, 2004) and law enforcement (Violanti et al., 2012) (Violanti et al., 2013) , we 

did have notable secondary findings. We found that gender was the most significant predictor of 

injury among this population, with females having a significantly higher incidence of injury, and 

that job tenure was highly predictive of injury. 

The finding that higher tenured workers had significantly lower rates of injury was 

important because few studies have controlled for tenure in this way. It is well known that 

younger workers tend to sustain injuries at a higher rate than older workers. A 2004 international 

literature review showed that the majority of reviewed studies found higher rates of non-fatal 

occupational injuries than older workers (Salminen, 2004). Low tenured workers, however, are 
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not necessarily young workers. In our study (paper one) we found that job tenure was a better 

predictor of injury than age. Our results suggest that lack of experience, rather than simply youth, 

has a significant impact on injury incidence. Additional research and injury prevention efforts are 

clearly needed for low tenured workers.  

 Paper two has a more narrowed focus by examining only the workers that sustained an 

injury over the years 2011-2012. We found that delayed injury reporting had a significant impact 

on injury severity. Our results are consistent with studies by Shaw et al. (2005), McIntosh et al. 

(2000), and Besen et al. (2006) that found an association between reporting lag and length of 

disability or length of time on workers’ compensation benefits. Specifically, we found that as the 

lag time increased between the date of injury and the date that the injury was reported, so too did 

the odds that an injury would lead to restricted work days. Injuries reported 1-7 days (OR 3.79, 

95% CI 2.63 – 5.45) or greater than seven days (OR 5.59, 95% CI 3.76 – 8.32) after the date of 

injury were over more likely to result in restricted days than injuries reported on the date in which 

they occurred. Interestingly, we did not find a significant change in the odds of an injury leading 

to lost work days with increases in reporting lag. 

A closer examination of the distribution of injury type, which was a significant predictor 

of both restricted days and lost days, provides a likely explanation for the absence of significant 

findings in regards to lost days. A high proportion of repetitive strains were reported at 1-7 days 

(n= 169, 41.12%) or eight or more days (n=161, 39.17%) after the date of injury, whereas only 

9.38% (n=3) of fracture or crush type injuries were reported at 1-7 days and zero were reported 

with an eight or more day lag time. While the injury type categories of repetitive strains (n=118, 

28.71%) and fractures or crush type injuries (n=17, 53.13%) had the highest proportion of injuries 

with restricted days, the categories with the highest proportion of lost days were fractures or crush 

type injuries (n=3, 9.38%) and acute strains and sprains (n=13, 5.08%). This tells us that injuries 

with restricted days tend to be more repetitive in nature, and may have a more gradual onset 

which naturally leads to reporting delays. Lost time injuries, on the other hand, tend to be more 
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acute in nature (i.e. fractures or acute strains and sprains), and are naturally reported with less lag 

time. Other significant predictors of lost work days were job tenure and body part injured. 

 The main result of paper two, that longer reporting lag leads to increased odds of 

restricted days, supports the need to educate workers and employers on the importance of early 

injury reporting. Paper two results also support the need for improved injury surveillance and 

treatment protocols. By identifying injuries early and providing early access to treatment, the 

impact of the injury on both the worker and employer can be reduced. Unfortunately, while 

several studies have shown that delayed treatment leads to delayed return to work or extended 

time receiving workers’ compensation benefits (Kucera et al., 2009) (McIntosh et al., 2000) 

(Infante-Rivard and Lortie, 1996), very few peer-reviewed studies have been done to find 

evidence based treatment protocols for work-related injuries. Paper three aimed to bridge this gap 

by describing an intervention that was developed to provide timely healthcare services to injured 

workers. 

The pilot physical therapy program described in paper three was found to be very 

effective in treating the injured individuals that were referred to the program and releasing them 

back to their full job duties. We found that age was the only significant predictor of discharge 

status. Older workers tended to have poorer odds of being discharged successfully, while the 

optimal number of program visits was found to be two. Patients age 30-39 (OR 0.50, 95% CI 0.24 

– 1.03), age 40-49 (OR 0.30, 95% CI 0.15 – 0.60), and age 50 or over (OR 0.44, 95% CI 0.21 – 

0.92) had lower odds of successful discharge from the program than 18-29 year olds. In the end, 

however, the program was shown to be so successful that nearly two-thirds of the injured workers 

referred to it were discharged back to their regular work duties regardless of gender, the body part 

injured, the cause of injury, or the nature of injury.  

Future Research 

 Through the completion of this project, several directions for future research were 

identified. Although our findings were marginally significant in regards to the effect of shift on 
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injury incidence, more research on shift work in manufacturing is needed. Previous studies by 

Dembe et al. (2006) and Wong et al. (2011) have shown that rotating shift work is associated with 

increased injury risk. While we accounted for workers that changed shifts during the study period 

as a nuisance parameter in our repeated measures design, we did not specifically look at the 

exposure of rotating shift work for an individual. For example, workers with multiple or changing 

shifts could compose a unique risk group with increased risk for injury.  Our study did not 

particularly examine these workers as a unique exposure group. Hence, research is needed to 

determine if rotating shifts or changing shifts have an effect on injury incidence among 

manufacturing workers. Similarly, research is needed to determine if changes in job classification 

or other workplace variables increase injury incidence. We also did not have information 

regarding how long an individual held their shift position or job classification prior to the study 

period. Research is also needed to determine if length of time on a shift or within a job 

classification has an effect on injury incidence. 

 Papers two and three support the need for the development of evidence-based injury 

surveillance and treatment protocols. The finding that delayed injury reporting is a significant 

predictor of restricted days shows how critical it is to educate workers on the importance of early 

reporting. Both the worker and the employer share in this responsibility, however, the employer 

must have effective evidence-based protocols in place to deliver needed services in a timely 

manner. For programs such as the pilot physical therapy program described in paper three, future 

research could include comparing data from before and after program implementation and with a 

control group in order to determine its effectiveness compared to baseline treatment. Another area 

of future research could be to conduct a cost-benefit analysis of the intervention. 

 In summary, the main results of this dissertation are that shift work has a marginal but 

causal association and job tenure has a significant association with increased injury risk, that 

injury reporting lag is a strong predictor of injury severity as measured by restricted work days, 

and that the intervention described in paper three was highly effective in returning injured 
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workers back to their regular job duties. These results serve as an evidence base to guide future 

research with this working population or other industrial populations. These studies represent the 

first steps toward a long-term goal of developing injury prevention and treatment protocols to 

reduce the burden of occupational injuries in manufacturing. 
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