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Abstract:

Background: Musculoskeletal injuries have increased in the past decade and to date, no
study has examined an employee work schedule and shift time on injuries. Aims: The
purpose of this study was to examine the impact an employees” shift time and work
schedule have on occupational injuries in the industrial workplace. Setting and Design:
Retrospective analysis of a large manufacturing company located in Northeastern
Pennsylvania. The company employs 551 workers for work on assembly lines, packaging
products, dissemination of old material, loading and unloading delivery trucks, and
cleaning between two locations. Methods and Materials: Occupational injuries were
gathered from analysis of the company’s Occupational Safety and Health Administration
300 Injury and Illness Log from 2016 to 2020. A retrospective analysis of injured
employees (N = 143) over a five-year period from 2016-2020. Statistical Analysis: A chi-
square analysis was used to analysis how work shift and work schedule impacted injuries
(p < 0.005). Results: The results of the study add significant information to the existing
literature on ergonomic interventions in the industrial workplace being delivered by a
physical therapist. The results indicate that there is a statistically significant relationship
between an employee’s shift time and a non-statistically positive association between an
employee’s work schedule on injuries. Researchers found that employees are being
injured more in the second half of the workday and later in the employee’s work week.
Conclusion: The authors conclude that shift time and work schedule are important
factors for reducing injuries in the workplace.
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1. Introduction

Work-related musculoskeletal disorders (WMSDs) are injuries to the musculoskeletal
system that occurs in the industrial workplace due to movements that include bending
at the waist, twisting the spine, and pulling and pushing heavy objects!. The industrial
workplace has shown an increase in number of recordable injuries per year over the past
ten years, and a recent report by Liberty Mutual Insurance revealed that in 2019 18.1
billion dollars per year are spent on overexertion injuries typically seen in an industrial
workplace setting?. The Bureau of Labor Statistics (BLS) reported 2.9 million non-fatal
injuries in 2018 and 30% were classified as repetitive motion injuries, which are highly
reported in the industrial workplace®. There have been many empirical studies on the
effects of ergonomics and injuries when the intervention has been specifically delivered
by a physical therapist*”. Physical therapists have the education and training to champion
the campaign of healthcare providers who can reduce costs and injuries in the industrial
workplace through ergonomic interventions®.

There have been many studies throughout the past decade that examine
ergonomics interventions and the effect on the industrial workplace setting. When
ergonomic interventions were applied, employers saw: (a) decreased injuries, (b)
increased productivity, (c) decreased costs associated with direct and indirect costs of
work-related injuries, (d) improvements in return-to-work performance, and (e)
decreased absenteeism in employees®'’. However, the major limitation in these studies is
they do not investigate a primary healthcare provider to champion this process. These
studies also do not identify external factors, like an employee’s shift time and work
schedule, on WMSDs. A recent systematic review by Luger, Maher, Rieger, &
Steinhilber'! found that work-break schedules played a significant role in reducing
injuries and suggested that other variables, like work schedule and shift times could also
play a large role in injuries in the industrial workplace. In response, the purpose of this
study will be to conduct a retrospective analysis of archival data to determine the effects
of shift time and work schedule on injuries in the industrial workplace. The ergonomic
interventions and analysis were performed by a licensed physical therapist. We
hypothesize that injuries will occur later in the work week and later in the workday for
employees who are involved in a WMSDs.

2. Methods and Materials

Data for this retrospective analysis was obtained from a large manufacturing company
located in the Northeastern portion of the United States. The company currently employs
551 workers and hired between 85-100 new employees in each of the years between 2016-
2020. Industrial workers are hired for assembly lines, packaging products, dissemination
of old material, loading and unloading delivery trucks, and cleaning between two
locations in the Northeast. These jobs are highly rigorous and involve four 12-hour shifts
consisting of repetitive motions and heavy lifting throughout the entire shift. Repetitive
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motions for these jobs include lifting, bending, performing overhead activities, twisting,
pushing, pulling, and torqueing.

The instrumentation used for this study included the OSHA 300 Injury and Illness
Log. For this study, all completed OSHA 300 Injury and Illness Logs that were recorded
between 2016-2020 were used for the data analysis. The use of this instrument allowed
for the researchers to include only injuries at work that were the result of a sprain, strain,
pull, push, or overexertion injury to the musculoskeletal system. This also included any
catastrophic or non-muscular injuries in the workplace. All OSHA 300 Log completions
were performed by certified safety professionals. The type of injuries reported by
employees were organized into ten categories: amputations, burns, concussions,
contusions, carpal tunnel syndrome, fractures, infections, lacerations, sprains, and
strains. WMSDs included concussions, carpal tunnel syndrome, sprains, and strains were
due to repetitive motions causing stress on the musculoskeletal system from bending,
twisting, lifting, pushing, pulling, and torquing.

During the fall of the 2020 fiscal year, the researcher collected the archival data
from the company. The analysis was performed by a licensed physical therapist. This
study was approved by the Institutional Review Board (IRB) at a Pennsylvania State
System of Higher Education (PASSHE). All participants involved in the study signed
consent forms prior to employment to inform them that if they are injured, the injury will
be recorded using the OSHA 300 log. All employees are aware that data may be shared
and used by researchers for data analysis.

2.1 Data Analysis

The Statistical Product and Service Solutions (SPSS) was used for data analysis.
Descriptive statistics were used to characterize subjects and work-related injuries. First,
a chi-square for association was conducted between shift time and injuries in the
workplace from 2016-2020. Next, a chi-square for association was conducted between
work schedule and injuries in the workplace from 2016-2020.

3. Results

Participants for this study included male and female workers (n = 143) with ages ranging
from 22-64 who are working full-time in an industrial setting at a building products
manufacturing plant in northeastern Pennsylvania. Out of all the participants 80% are
Caucasian, 14% are African American, and 6% are Latino or Hispanic. Seventy-seven
percent of the injured workers are male and 23% are female. Less than 5 percent of the
participants have completed high school and have obtained a bachelor’s degree, 80%
have graduated high school only, and 15% of the participants did not graduate high
school. Marital status includes 39% married and 61% single. The types of injuries and the
frequency of occurrence are listed in Table 2.

There was a statistically significant association between shift time and injuries in
the workplace, x*(1) = 25.632, p = 0.001. There was a moderately strong association
between shift time and injuries in the workplace, ¢ = 0.423, p = 0.001. There was not a
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statistically significant association between work schedule and injuries in the workplace,
x*(1) =26.438, p = 0.190. However, there was a moderately strong non-statistical positive
association between shift time and injuries in the workplace, ¢ = 0.423, p =0.190. Further
analysis of data showed that that there was an increase in the number of injuries later in
the workday and later in the work week from 2016-2020 as seen in Tables 19 and 20.

3.1 General Overview

There has been a reduction in injuries, both musculoskeletal and non-musculoskeletal
across the span of five years. Moreover, there was a reduction of injuries and a reduction
in costs associated with injuries once ergonomic interventions were implemented by way
of an ergonomic consultant, who is a physical therapist. Ergonomic interventions include:
(a) education, (b) lifting mechanics, (c) postural training, (d) stretching exercises, (e)
strengthening exercises, (f) return-to-work programs, and (g) job site assessments. The
ergonomic interventions were performed at both locations in the Northeast. From 2016-
2017, the intervention of education was provided yearly. From 2018-2019, ergonomic
interventions consisting of education, job site assessments, lifting mechanics, postural
training, and return-to-work were performed. In 2020, the addition of stretching exercises
and strengthening exercises were added to the list of current ergonomic interventions.

3.2 Shift Time and Work Schedule

To answer the question of the impact of shift time and work schedule on injuries in the
workplace, statistical analyses were performed. First, a chi-square for association was
conducted between shift time and injuries in the workplace from 2016-2020. There was a
statistically significant association between shift time and injuries in the workplace, x*(1)
= 25.632, p = 0.001. There was a moderately strong association between shift time and
injuries in the workplace, ¢ = 0.423, p = 0.001. Next, a chi-square for association was
conducted between work schedule and injuries in the workplace from 2016-2020. There
was not a statistically significant association between day of shift and injuries in the
workplace, x*(1) =26.438, p=0.190. There was a moderately strong non-statistical positive
association between shift time and injuries in the workplace, ¢ = 0.423, p = 0.190. An
analysis of data showed that that there was an increase in the number of injuries later in
the workday and later in the work week from 2016-2020 as seen in Tables 19 and 20.

4. Discussion

Ergonomics and its effects on injuries in the workplace have been studied since the early
1970s when OSHA was founded®. Several important intervention studies, literature
reviews, systematic reviews, and meta-analyses have been performed over the past 10
years specifically investigating the effects of physical therapy delivered ergonomic
interventions on injuries alone in the workplace*!32, Very few studies involving
physical therapy delivered ergonomic interventions have examined external variables
such as shift time and work schedule on injuries in the industrial workplace!>182026,
Studies that have been performed investigating the effects of ergonomic intervention as
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the independent variable and injuries in the workplace as the dependent variable, have
been reliable studies where the result has been overwhelmingly positive that when
ergonomic interventions have been applied in an industrial workplace, the end result is
a reduction in injuries. To expand on the current body of literature on physical therapy
delivered ergonomic intervention in an industrial workplace setting, authors examined
variables of shift time and work schedule on injuries in the workplace. This study is
important for physical therapists and healthcare professionals delivering ergonomic
interventions, as well as researchers and employers to expand on the current body of
literature and add valuable information that will help even further in the reduction of
injuries and associated costs of injuries in the workplace.

As a result of this retrospective analysis, two main data driven implications for
physical therapists and healthcare providers who provide ergonomic interventions in an
industrial workplace have risen. Implications for business owners who are actively
searching for important methods to decrease injuries and costs in the industrial
workplace also exist.

First, physical therapists and healthcare providers must include shift time into
their data collection when building background information for a company prior to
providing ergonomic services. To date, there has not been any scholarly research
involving shift time as a potential variable that can explain increased injuries in the
workplace. The employees for this company worked four, 12-hour workdays, and shift
time was divided into two components; the first 6 hours of work and the last 6 hours of
work. The implication is that researchers need to be aware of when injuries are happening
within an employee’s shift so that the person providing the ergonomic services is aware
and can log when the injuries are happening to look for patterns in the injuries that are
occurring and the type of injuries that are occurring during those times. The current study
had a statistically significant association (P < 0.05) between shift time and injuries in the
workplace. Specifically, 72.8% of the injuries that occurred between 2016-2020 occurred
in the second 6 hours of work. This will provide physical therapists and healthcare
professionals more in-depth knowledge about the injuries that are occurring at work and
be able to make recommendations to the company to reduce injuries and costs.

Second, physical therapists and healthcare providers must also include an
employee’s work schedule as a potential variable for increased injuries in the workplace.
Like shift time, to date there has not been any data analysis in the literature that includes
an employee’s work schedule as a potential variable for injuries. The implication is that
researchers need to be aware of when injuries are happening within an employee’s work
schedule, so that the person providing the ergonomic services can track work schedules
and develop a pattern of work injuries. The current study did not have a statistically
significant association (P > 0.05) between work schedule and injuries in the workplace.
However, the analysis of data showed that 50.3% of the injuries that occurred between
2016-2020 occurred during the last day of an employee’s work schedule. The data also
showed that 31.8% of the injuries that occurred between 2016-2020 occurred during the
second to last day of their work schedule. This means 82.1% of the injuries that occurred
between the five-year span occurred during the last two days of an employee’s work
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week. Current scholarly research by Skamagki et al.’® states that workers are likely
injured due to muscular fatigue, leading to poor body mechanics, resulting in an injury
from a repetitive motion. The current findings from this study suggest that the second
half of the workday and later in the work week contributed to a majority of injuries
between 2016-2020, likely from fatigue. Like shift time, this implication will allow
physical therapists and healthcare professionals more in-depth knowledge about the
injuries that are occurring at work and be able to make recommendations to the company
to reduce injuries and costs.

5. Conclusion

The purpose of this retrospective analysis was to examine the impact of an employee’s
shift time and work schedule on injuries. The results were based on existing data of
injured employee’s (N = 143) over a five-year period from 2016-2020. The results indicate
that there is a statistically significant relationship between an employee’s shift time and
injuries. There was also a statistically non-significant positive association between an
employee’s work schedule and injuries in the workplace. This study showed that
employees in the industrial workplace were injured more at the end of their workday
and end of their work week. This retrospective analysis provides physical therapists who
are providing ergonomic interventions in an industrial workplace with new data to
increase awareness to the field on the effects ergonomics has in the workplace and
provides a framework for future studies for physical therapy delivered ergonomic
interventions.

5.1 Recommendations

Based on the findings of the study it is hereby recommended that an employee’s shift
time and overall work schedule should be considered as variables that occupational
health professionals need to consider when employing workplace injury prevention
programs to employers.
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Appendices
Table A.1: Shift Time Total Injuries from 2016-2020
Shift Time N
First 6 hours 33
Second 6 hours 110
Total 143
Table A.2: Day of Shift Total Injuries from 2016-2020
Injury Type 1st Day 2rd Day 3 Day 4th Day Total
Laceration 2 2 12 17 33
Concussion 1 0 1 4 6
Sprain 2 8 14 31 55
Fracture 0 1 11 7 19
Burn 0 1 2 3 6
Contusion 1 0 5 10 16
Strain 0 0 0 4 4
Other 1 0 3 0 4
Total 7 12 48 76 143

Table A.3: Ergonomic Interventions and Total Injuries Recorded from 2016-2020
Ed, JSA, Ed, JSA, LM, Ed, JSA LM,

Injury Type Education LM PT, RTW PT, RTW, SE, S Total
Laceration 22 5 2 4 33
Concussion 5 1 0 0 6
Sprain 34 12 8 1 55
Fracture 10 3 5 1 19
Burn 3 3 0 0 6
Contusion 11 2 2 1 16
Strain 2 2 0 0 4
Other 3 1 0 0 4
Total 90 27 17 9 143

*Ed = Education, JSA = Job Site Assessments, LM = Lifting Mechanics, PT = Postural Training, RTW =
Return-To-Work, SE = Strengthening exercises, and S = Stretching.
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