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Abstract 

This investigation was a retrospective follow-up study of back injury reports in a 

group of 487 nursing personnel employed in a primarily urban health district over a two-

year period. The primary purpose of this investigation was to determine if a difference in 

back injury incidence existed between nurses working eight and 12 hour shifts. A 

secondary purpose was to examine temporal factors relating to time of injury in eight and 

12 hour shift workers. Other work related factors previously shown to increase back 

injury risk were also included in the study design. 

The primary research hypothesis was analyzed by use of multiple logistic 

regression. The results of this analysis showed the model created from the inclusion of 

six predictor variables (shift duration, age, months employed, upper body biomechanical 

risk, lower body biomechanical risk, months since previous injury) and two interaction 

terms (shift duration*upper body biomechanical risk, shift duration*lower body 

biomechanical risk) improved prediction as compared to the constant only model. 

Prediction success of the model was improved by 2.7% as a result of the inclusion of the 

predictor variables. The tests of individual predictors found non-significant coefficients 

for shift duration, age, months employed, upper body biomechanical risk, lower body 

biomechanical risk, and the 2 interaction terms included in the model. The predictor 

variable months since previous injury was significant. The secondary research hypothesis 

was analyzed by use of a x 2 test of independence. This analysis showed no significant 

difference between number of injuries in any time segment of a shift for eight or 12 hour 

shift workers. 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

Abstract

This investigation was a retrospective follow-up study of back injury reports in a 

group of 487 nursing personnel employed in a primarily urban health district over a two- 

year period. The primary purpose of this investigation was to determine if a difference in 

back injury incidence existed between nurses working eight and 12 hour shifts. A 

secondary purpose was to examine temporal factors relating to time of injury in eight and 

12 hour shift workers. Other work related factors previously shown to increase back 

injury risk were also included in the study design.

The primary research hypothesis was analyzed by use of multiple logistic 

regression. The results of this analysis showed the model created from the inclusion of 

six predictor variables (shift duration, age, months employed, upper body biomechanical 

risk, lower body biomechanical risk, months since previous injury) and two interaction 

terms (shift duration*upper body biomechanical risk, shift duration*lower body 

biomechanical risk) improved prediction as compared to the constant only model. 

Prediction success of the model was improved by 2.7% as a result of the inclusion of the 

predictor variables. The tests of individual predictors found non-significant coefficients 

for shift duration, age, months employed, upper body biomechanical risk, lower body 

biomechanical risk, and the 2 interaction terms included in the model. The predictor 

variable months since previous injury was significant. The secondary research hypothesis 

was analyzed by use of a x2 test of independence. This analysis showed no significant 

difference between number of injuries in any time segment of a shift for eight or 12 hour 

shift workers.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



111 

This study is a first step in examining an issue that has not been investigated 

previously. The results will allow for investigators to consider a variety of factors in 

attempting to analyze the relationship that exists between shift duration and risk of back 

injury among nurses. 
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Chapter One: Introduction 

1.1 Magnitude of the Problem 

The human spine has a complex design that allows it to fill the sometimes 

contradictory roles of mover, stabilizer, and protector. While in optimal function, the 

spine is a remarkable example of anatomic architecture; however, this complexity can 

leave it susceptible to injury. Injuries to the spine and surrounding structures are not 

occurrences isolated in the twentieth century, but in fact have been referred to 

throughout recorded history (Battie & Bigos, 1991). There has, however, been an 

exponential growth in the impact these injuries have on society in recent history, 

particularly in industrialized nations (Battie, Bigos, Fisher, Hansson, Jones, et al. 

1989). 

In studies of injuries of the spine and surrounding structures, the term back 

injury (BI) is commonly used. This term has also, however, been used 

interchangeably with back pain as well as other similar descriptors. Injury is defined 

as, "hurt, damage, or loss sustained" (Pease, 1996, p. 386) and back as, "the rear part 

of the human body especially from the neck to the end of the spine" (Pease, 1996, p. 

70). It is recognized that pain is multidimensional and that although injury is often 

associated with pain, injury and pain should be construed as unique (Bogduk, 2000). 

However, given the lack of clarity in the current literature on pain versus injury, and 

in an effort to obtain succinctness and clarity, the term back injury (BI) will be used 

with the understanding that it encompasses other commonly used terms found in the 

literature such as back pain, back problems, and back disorders. The term back pain 
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will be included if the literature reviewed refers to the theoretical constructs of pain as 

part of the study. 

Several studies have shown the enormous burden that BI has on society and 

individuals. Studies have shown that individuals have a 50 to 80% chance of 

developing BI at some point in their life (Frank et al., 1996) and these back problems 

are the most frequent cause of activity limitation in persons under age 45 (Carpenter 

& Nelson, 1999) and is second only to arthritis in persons 45 to 65 years of age 

(Frank et al., 1996). In an effort to stem the rising cost of BI, researchers have been 

searching for factors pertaining to the cause or causes of this epidemic problem. 

Physical and psychological factors in the home and workplace have been studied. 

Certain populations have been shown to be at an increased risk, but research efforts 

have failed to pinpoint specific causes of BI. At this point, theories exist surrounding 

the factors contributing to the development of BI and their interaction, and strong 

evidence of the association of a few factors to BI have been discovered. 

When this near epidemic health issue is viewed in a workplace context it is 

observed that BI is the most frequent compensation claim filed by United States 

workers, with the average age of those compensated being 34 years (Klein, Jensen, & 

Sanderson, 1984). The same trend is evident in Saskatchewan as Workers' 

Compensation statistics show that the highest number of compensation claims were 

made for injuries to the back in 2000 and 2001 (Saskatchewan Workers' 

Compensation Board, 2000; Saskatchewan Workers' Compensation Board, 2001). 

This common cause of disruption in performing daily tasks, including work, results in 

an astounding cost to society and industry in compensation, health care and potential 
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(Frank et al., 1996). In an effort to stem the rising cost of BI, researchers have been 

searching for factors pertaining to the cause or causes of this epidemic problem. 

Physical and psychological factors in the home and workplace have been studied. 

Certain populations have been shown to be at an increased risk, but research efforts 

have failed to pinpoint specific causes of BI. At this point, theories exist surrounding 

the factors contributing to the development of BI and their interaction, and strong 

evidence of the association of a few factors to BI have been discovered.

When this near epidemic health issue is viewed in a workplace context it is 

observed that BI is the most frequent compensation claim filed by United States 

workers, with the average age of those compensated being 34 years (Klein, Jensen, & 

Sanderson, 1984). The same trend is evident in Saskatchewan as Workers’ 

Compensation statistics show that the highest number of compensation claims were 

made for injuries to the back in 2000 and 2001 (Saskatchewan Workers’ 

Compensation Board, 2000; Saskatchewan Workers’ Compensation Board, 2001). 

This common cause of disruption in performing daily tasks, including work, results in 

an astounding cost to society and industry in compensation, health care and potential
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long term disability. These costs do not include the indirect costs to individuals and 

their families in lost income, pain, and suffering. 

The costs of BI in the workplace are disproportionately higher than other types 

of work related injury, and evidence shows that work loss due to BI is increasing 

(Skovron, 1992). Lifetime prevalence of sickness absence due to BI has been 

estimated at 15 to 18% (Skovron, 1992). The importance of this health issue to 

employers can therefore not be underestimated. Many workplaces are searching for 

ways to decrease compensation claims and lost time from BI associated with work or 

occupational back injury (OBI). To date, investigations have shown mixed results 

regarding BI and work organization factors and most individual factors. One of the 

only individual factors associated with BI is previous BI, which has been strongly 

linked to increased risk. Several workplace biomechanical factors have also been 

shown to increase BI risk. 

1.2 Nurses and Back Injury 

Nursing personnel have been shown to be an occupational group at or close to 

the top of the list in regard to OBI incidence (Feinstein Donshin, & Floman, 1988; 

Guo, Tanaka, Halperin, & Cameron, 1999; Harber et al., 1985; Magora, 1972; Stubbs, 

Buckle, Hudson, Rivers & Worringham, 1983). Occupational lifetime prevalence in 

this population has been reported as high as 81% (Videman et al., 1984) with point 

prevalence from 18% to 41% (Engels et al., 1994; Josephson, Lagerstrom, Hagberg & 

Hjelm, 1997; Kumar, 1990). Nursing professionals have been shown to be an 

occupational group with one of the highest incidence ratios and compensation rates 

for OBI in the United States (Guo et al., 1999; Jensen, 1987; Klein et al., 1984). A 
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study in the UK showed that BI prevalence is increasing in this population (Leighton 

& Reilly, 1995). Similar trends are evident in Saskatchewan as hospital and nursing 

home workers had almost 1000 back and lumbar spine injury compensation claims in 

Saskatchewan in 2000 and 2001 (Saskatchewan Workers' Compensation Board, 

2000; Saskatchewan Workers' Compensation Board, 2001). Nurses provided 

approximately 70% of the claims made by this population (Saskatchewan Workers' 

Compensation Board, 2000; Saskatchewan Workers' Compensation Board, 2001). 

Investigations have been performed regarding the causes of the increased incidence of 

BI in this population. Researchers have found similar results in studying factors 

associated with OBI in this population as with other occupational groups, and have 

also discovered unique job demands faced by nurses (primarily patient handling) 

which appear to increase this risk (Leighton & Reilly, 1995). 

1.2.1 Shift work 

Shift work has also been shown to have an impact on the health and safety of 

nurses (Costa, 1997). As it seems unlikely that the 24 hour operation of hospitals and 

long term care facilities is likely to change in the near future, investigators have been 

examining ways to make shift work as healthy as possible for those employees 

affected. The difference in health impacts of eight and 12 hour shifts is one example 

of such investigation (Bernreuter & Sullivan, 1995). Many investigations have 

compared fatigue, alertness, critical thinking and drowsiness at the end of eight and 

12 hour shifts with varied results (Akerstedt, 1991; Bernreuter & Sullivan, 1995; 

Fields, 1988; Rosa & Bonnet, 1993; Todd, Robinson & Reid, 1991; Todd, Robinson 

& Reid, 1993; Washburn, 1991). The issue of job satisfaction has also been 
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examined with conflicting outcomes (Bernreuter & Sullivan, 1995; Todd et al., 1993). 

The issue of eight and 12 hour shifts on the risk of BI in any population, including 

nurses, has not been examined. This is therefore an area where further research is 

needed. 

1.3 Purpose of the Study 

This investigation was completed with the support and cooperation of a 

primarily urban Health District (HD) in Saskatchewan. Four facilities within this 

district (3 acute care, 1 rehabilitation) provided the study group of full time 

Registered Nurses (RNs) and Licensed Practical Nurses (LPNs). Job numbers 

assigned by the HD were used to identify these RNs and LPNs; Registered 

Psychiatric Nurses were not included in this investigation. The purpose of this 

investigation was to determine if a difference in BI incidence existed between nurses 

working eight and 12 hour shifts. This study also examined temporal factors relating 

to time of injury in eight and 12 hour shift workers. Other work related factors 

previously shown to increase BI risk were also included in the study design. The 

results of this investigation contribute uniquely to the body of knowledge that 

currently exists regarding shift work and the health of RNs and LPNs. With no study 

prior to this investigating the risk of BI in nurses working eight and 12 hour shifts, 

this study sheds light on an area not well understood. Further study in this area may 

more closely examine factors associated with the increased risk of BI. Findings may 

also assist in planning a safer work environment for nurses. 
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1.3.1 Research Questions 

In consideration of the information outlined above, the following research 

questions were developed: 

1. Is there a significant difference in the incidence of a BI between full time 

nurses working an eight hour shift and full time nurses working a 12 hour 

shift? 

2. Is there a significant difference in the incidence of BI at different time 

segments of a nursing shift? If so, do the differences in occurrence vary 

between eight and 12 hour shift workers? 

1.3.2 Hypotheses 

In consideration of the literature reviewed and outlined in Chapter 2, the 

following hypotheses were developed in relation to the research questions above: 

1. Nurses working 12 hour shifts will have a significantly higher incidence of BI 

than nurses working 8 hour shifts. 

2. A difference will exist in the incidence of BI at different time segments of a 

nursing shift. 

1.4 Strengths and Limitations 

The strengths of this study lie in its uniqueness, answering a question that has 

not been investigated previously in a population that has been shown to have one of 

the highest BI rates in Canada and several other industrialized nations. Outside of the 

analysis of the effects of eight and 12 hour shift systems, the study also included two 

of the major factors which have been linked strongly to BI by past research, 
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biomechanical factors and time since previous BI, controlling for their impact on the 

outcome variable. The investigation also included age, gender, months employed, 

and seniority in its analysis of BI rates. Another strength of this study is that it used a 

secondary data source (i.e. administrative data) in the investigation of BI and factors 

associated with BI. There are also limitations to this investigation that are outlined 

below. 

1.4.1 Survivor Bias 

Due to the retrospective nature of this study, no follow-up of nurses was 

possible past their leaving the HD or moving within the HD to a non-direct care 

nursing position. This movement could have occurred because of fear of back 

problems or an unreported recurrence of a previous BI. In addition, nurses working 

an eight hour shift during the study period may have requested this type of shift 

because of an inability to work a 12 hour shift due to a previous BI. In this situation a 

BI that may be related to years of working a 12 hour shift could be attributed to the 

eight hour shift group because of the shift system in which the employee is working at 

the time of injury or vice versa. 

1.4.2 Back Injury Data 

The use of the HD's Occupational Health and Safety (OH&S) database for 

gathering the outcome variable requires the assumption that all BIs were reported to 

this office. The HD involved in the study does routinely encourage all staff to report 

not only incidents that cause injury, but also incidents which were potentially 

hazardous. However, it is possible that not all injuries were reported. The variable 

time of injury, used for research question two, was collected from the Employee 
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Report of Incident/Hazard form. This information is not always included on the form 

and cannot be assessed for its reliability. 

Another drawback of using this type of data is that no specific medical 

diagnosis of pathology is required to verify a BL It is recognized, therefore, that this 

study is dealing with a symptom and not a well defined condition or diagnosed 

pathology. However, researchers have recognized that this is the nature of this type 

of OBI investigation (Battie & Bigos, 1991; Burdorf, Rossignol, Fathallah, Snook & 

Herrick, 1997). It is also important to note that it is the complaint or the report that is 

of significance in relation to BI, as clinical findings explain only about 10 percent or 

less of all BI claims (Kraus, Gardner, Collins, Sorock & Volinn, 1997) and that non-

occupational BI is defined as nonspecific (not attributable to specific pathology) in 

about 85% of people (Vuori, 2001). 

1.4.3 Biomechanical Factors 

Biomechanical exposures of the study group was assessed by use of direct 

observation for each unique job (job title*ward*shift length), where possible. This 

technique has been used by several researchers in assessing this type of variable in 

relation to injury and has been shown to be an improvement on self-reported 

assessment and is more feasible from a cost and time standpoint than direct 

measurement, but is not as precise (Burdorf et al., 1997). In addition, the OSHA 

checklist used to ascertain upper and lower body risk scores for this investigation 

included assessment of magnitude and duration of non-neutral posture in each unique 

job. Kerr and colleagues (2001) found that directly measured spinal forces were in 

large part a consequence of non-neutral spinal postures and that the addition of non-
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neutral spinal postures to a model including a direct measure of spinal forces did not 

add to the significance of the model due to this strong relationship. 

It is a limitation that biomechanical risk was not determined by direct 

observation on all wards included in the study. This was not possible however, 

because of the closure of one of the facilities from which participants were drawn and 

the amalgamation of wards in two of the other facilities prior to the start of the 

investigation. In addition, it can be considered a limitation that direct observation and 

scoring of biomechanical factors occurred in 2000 when the study time period 

analyzed injuries in 1996 and 1997. Another limitation is the method of assigning 

biomechanical exposure score based on job title, ward, and shift length. This method 

did not consider the variations in exposures between facilities, only wards within the 

HD. This study included a biomechanical exposure variable for each unique job in 

the HD which is still an improvement over many past studies (e.g. Burton et al., 1997) 

which used self reported or direct observations of each job title, rather than unique 

jobs, to control for biomechanical factors. 

1.4.4 Residual Confounding 

As a result of the study design, not all variables that have been associated with 

BI were collected. In addition, factors related specifically to back pain and the 

theoretical constructs of pain were not included. However, most variables known to 

be strongly linked to BI were included. The lack of psychosocial workplace and 

individual psychological factors in this study is one of its greatest limitations. Recent 

evidence has shown that issues such as high job demands, time pressure, and low job 

control appear to be related to an increase incidence of lower body musculoskeletal 
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injury (Koehoorn, 1999) and psychological factors have been shown to play a major 

role in unremitting back pain (Asmundson, Norton & Norton, 1999). Due to the 

historical nature of the investigation the inclusion of these variables was not possible. 

In addition, because the study group was fairly homogeneous (i.e., encompassing only 

two job categories in one HD with the same organizational structure) the impact of 

these factors may have been smaller than the impact in comparisons of two or more 

very different occupational groups. 

1.5 Definitions 

Registered Nurse (RN) - A graduate of an approved nursing program who 

holds current practicing status with the Saskatchewan Registered Nurses Association. 

Licensed Practical Nurse (LPN) - An individual who has completed a 

recognized nursing course and holds current certification with the Saskatchewan 

Association of Licensed Practical Nurses. 

Incident - An event which places or could place an employee at risk of injury. 

An incident could be either a potential/hazardous circumstance or an actual incident. 

Potential/Hazardous Circumstances - A circumstance in which a hazard is 

noted before any incident occurs. 

Actual Incident - An event that places someone at risk but may or may not 

result in injury. 

Actual Incident Resulting in Injury - An event which occurs and results in 

someone sustaining an injury. 

Back Injury (BI) - An actual incident resulting in an injury involving the 

structures of the back from the neck to the bottom of the spine. The classification of 
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an injury as involving or not involving the back was completed by a HD Employee 

Health Nurse and/or allied health professional working with the employee based on 

employee reporting, descriptions of the incident, and/or medical examination. 

Injuries were accepted as BI in this investigation if classified as such on the injury 

summary reports submitted to the OH&S office. The injury must have been classed 

as a strain/sprain. Contusions, fractures, burns, lacerations, punctures or other types 

of injury were not included. The cause of the injury must also not have involved a 

traumatic event or application of force from an external source. The nature and cause 

of these injuries is quite different from what is encountered during performance of 

regular nursing duties and they were therefore not included as has been done in 

several similar investigations previously (e.g. Koehoorn, 1999). Injuries occurring 

because of a fall/slip/trip or being struck by an object were therefore not included. In 

this investigation the term BI will be used as this is the generally accepted term when 

data is collected from occupational health and safety records of workplace incidents 

(Kraus et al., 1997). 

Seniority - Hours logged within a specific union (Saskatchewan Union of 

Nurses, Canadian Union of Public Employees or Saskatchewan Government and 

General Employees Union). 

Eight hour shift worker - An employee who has worked exclusively on an 

eight hour shift full time during the study period. 

Twelve hour shift worker - An employee who has worked exclusively on a 12 

hour shift full time during the study period 
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1.6 Tools used for data collection 

Occupational Safety and Health Administration (OSHA) Upper and Lower 

Body Risk Factor Checklists (Occupational Safety and Health Administration 

[OSHA], 1995) (Appendix A) — The OSHA checklists were used to collect the 

biomechanical variables in the investigation. The checklists were chosen because 

they are based on research and are comprehensive, including biomechanical variables 

which have been linked to increased risk of musculoskeletal injuries including those 

involving the back (OSHA, 1995). In addition, these checklists have been used in 

other studies and have been shown to be sensitive to high and low risk groups, 

particularly for lower body musculoskeletal injury (Koehoorn, 1999). Also, the 

OSHA checklists were chosen because of their practicality and feasibility in 

completion of risk factor assessment in large numbers of individuals. 

The upper body checklist involves classifying risk factors for the upper 

extremities in relation to their presence and duration (repetition, hand force, awkward 

postures, contact stress, vibrations, and cold temperature) resulting in a total summed 

score. This will be referred to as the upper body risk score. The lower body checklist 

involves classifying risk factors for the back and lower extremities in relation to their 

presence, duration (awkward postures, contact stress, vibration, push/pull) and 

magnitude (manual handling, patient/resident handling). This checklist also results in 

a summed score that will be referred to as the lower body risk score. 

Employee Report of Incident/Hazard and Confidential Investigation Forms 

(Appendix B) - These tools were used, in conjunction with summary incident reports 

submitted by each facility to the HD OH&S office, to collect the outcome variable for 
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this investigation. The information contained on these forms was used to determine if 

a BI was or was not included in the study as per the definitions outlined above. 
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Chapter Two: Literature Review 

Investigators have been attempting to explain the high incidence of OBI for 

many years. Despite the efforts of researchers, this area is still not well understood. 

As one will see from the following literature review, an abundance of investigations 

have occurred pertaining to this topic. The purpose of the current investigation was to 

examine one aspect of OBI risk. The relationship between shift work and BI has not 

been investigated with the intent of determining if 8 or 12 hour shift workers have a 

higher risk of BI. This investigation examined that aspect of work scheduling while 

controlling for several other factors, and also examined injuries and time of 

occurrence in the shift. To fully understand and appreciate the current state of 

knowledge on this complex topic and the reasons for the methods of this study 

outlined in Chapter 3, this literature review will cover three categories of risk factors 

for BI in addition to the shift work literature. The three risk factor categories included 

in this literature review are: a) psychosocial factors, b) personal factors, and c) 

biomechanical factors (Frank et al., 1996). Research has also been completed 

examining the effects that shift work has on the health and productivity of employees 

and the specific effects of 8 and 12 hour shift schedules on the work practices and 

health of workers. Each of these four areas will be examined in detail in the 

following paragraphs. 

2.1 Psychosocial Factors 

The realm of psychosocial risk factors for OBI in the workplace is a relatively 

new area of investigation. There is limited but growing evidence that factors in the 

psychosocial work environment relate to OBI occurrence. One of the difficulties 
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encountered by researchers in this area is the relationship between psychosocial 

factors and physical (biomechanical) factors in the workplace, making it difficult to 

reach conclusions about their respective importance in OBI (Frank et al., 1996). 

Bongers, Winter, Kompier, and Hildebrandt (1993) conducted a literature review of 

the research completed in the area of psychosocial risk factors for musculoskeletal 

disease. The paper stated that, "most studies do not present conclusive evidence due 

to high correlations between psychosocial factors and physical load and to difficulties 

in measuring dependent and independent variables," (Bongers et al., 1993, p. 309). 

Bongers and colleagues (1993) did conclude that there was sufficient evidence to link 

monotonous work, high perceived work load, and time pressure to musculoskeletal 

symptoms, including OBI. A literature review conducted by Burdorf and Sorock 

(1997) found sufficient evidence to conclude that low job decision latitude and job 

dissatisfaction were associated with work related back disorders. 

A large and comprehensive study of OBI was completed on 3,020 aircraft 

employees at the Boeing-Everett plant by several researchers from the University of 

Washington (Bigos, Battie, Spengler et al., 1992). The primary finding of this 

prospective longitudinal investigation was that, apart from previous BI, worker 

dissatisfaction with the job was the only work-related risk factor associated with the 

reporting of BI (Bigos, Battie, Spengler et al., 1992). This finding has had a major 

impact on workplace investigations of BI. It is important to note, however, that some 

weaknesses in the method of this study, most importantly the group-level 

biomechanical analysis of the physical demands of work, make it less likely to 

identify biomechanical factors as a risk of BI (Frank et al., 1996; Kerr et al., 2001). 
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A large study completed by the Ontario Universities Back Pain Study Group 

explored whether the physical and psychosocial demands of work were associated 

with BI when individual worker characteristics were controlled for (Kerr et al., 2001). 

This study concluded that self reported measures of poor workplace social 

environment and higher education relative to others in similar jobs were related to 

increased odds of BI (Kerr et al, 2001). The study also found that higher job 

satisfaction and higher coworker support was related to increased BI, while lower job 

control was not found to be significantly related to BI odds (Kerr et al., 2001). These 

findings contradict those of the Boeing study and may indicate that job control 

impacts on BI are unique in different work environments (Kerr et al., 2001). This 

investigation also found a significant contribution of biomechanical factors, which 

contradicts the findings of the Boeing study. This may be a result of the measurement 

of these factors (Davis & Heaney, 2000), an issue which will be addressed later in 

this literature review. 

Several other studies have investigated the relationship between the 

psychosocial work environment and OBI. Shannon, Mayr, and Haines (1997) found 

that empowerment of the workforce, delegation of safety activities, and top 

management involvement in health and safety programming decreased injury rates 

(not specifically BI) in an analysis of ten studies completed in this area. The Chelsea 

back program has also shown success, in the form of money saved on compensation 

claims, with the implementation of a management attitudinal and sensitivity training 

program (Fitzler & Berger, 1982; Fitzler & Berger, 1983). 
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Many studies on the psychosocial working environment of nurses have not 

included biomechanical factors or have used self reported measures. A study by 

Ahlberg-Huten, Theorell and Sigala (1995) found high job strain to be related to a 

higher risk of low back pain in registered nurses and nursing aides. This study did 

not, however, measure or control for any type of biomechanical factors which have 

been shown to increase risk of OBI. An investigation of BI rates in Belgian and 

Dutch nurses found that Belgian nurses had increased BI rates despite a lower 

workload (as measured by self reports) (Burton et al., 1997). In analyzing 

psychosocial characteristics of the groups it was found that Belgian nurses were more 

depressed and had a more negative attitude toward pain, work and activity (Burton et 

al., 1997). It was postulated that these psychosocial differences accounted for the 

varying rates of BI which existed despite discrepancies in workload (Burton et al., 

1997). Skovron et al. (1987) found no association between psychosocial working 

factors (e.g. satisfaction in relationship with co-workers) and low back pain while 

controlling for physical workload in nurses in an acute care hospital. This study was 

conducted by retrospective assessment of both factors via questionnaire (Skovron et 

al, 1987). Josephson and colleagues (1997) found a slightly increased risk of 

musculoskeletal symptoms as job strain increased in a population of nurses. This 

study did, however, find that when high job strain and high physical exertion on the 

job were combined, the risk increased significantly. Josephson and VingArd (1998) 

concluded that, in nursing work, physical load is more significant than psychosocial 

factors in contributing to seeking care for BI. 
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A similar study completed by Koehoorn (1999), considered work organization 

factors in relation to musculoskeletal symptoms and claims in all employees at an 

acute care hospital in British Columbia. Although the study group included all 

occupations, the results can be related to the present study, as almost half of the 

sample were in direct care positions (Koehoorn, 1999). This study was 

comprehensive in that it included work organization factors, several variables shown 

to be related to musculoskeletal injury, and biomechanical variables collected by 

means of direct observation of all unique jobs in the facility. Koehoorn examined 

both upper and lower body musculoskeletal symptoms (reports filed by employees) 

and claims (workers compensation accepted) in relation to the variables outlined 

above. Results indicated that, in general, adverse work organization factors were 

associated with an elevated risk of musculoskeletal outcomes. However, more of the 

work organization factors were associated with upper body musculoskeletal outcomes 

as compared to the lower body (which included injuries to the back). Lower body 

musculoskeletal outcomes were more strongly associated with biomechanical factors. 

Results also indicated that working during periods of high department sicktime 

(related to increased workload) was associated with lower body musculoskeletal 

outcomes, and low job control was associated with lower body compensation claims. 

2.1.1 Summary of Psychosocial Factors 

Studies relating psychosocial factors to BI have been limited, especially in 

nursing populations. In general, study results have been mixed. Koehoorn (1999) 

concluded that high job demands or time pressures appear to be related to lower body 

musculoskeletal injuries. Kerr et al. (2001), in a non-nursing population, found both 
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psychosocial and biomechanical variables to contribute to BI risk. It has also been 

postulated that the interaction of physical and psychological components of work 

form an inverse "j" relationship where psychosocial factors play a larger role in 

increasing risk in work with lower physical intensity, and that biomechanical factors 

contribute more as physical work intensity increases (Marras, 2000). A review of 

literature completed by Carter and Birrell (2000) concluded that strong evidence 

existed relating individual psychosocial factors (low job satisfaction and 

unsatisfactory psychosocial aspects of work) to an increased incidence of BI, but that 

the overall size of the effect was small. In addition, the mixed results in the literature 

cited above related to nursing personnel does not allow for any conclusions regarding 

BI in nurses related to psychosocial factors at work (Lagerstrom, Hansson & 

Hagberg, 1998). 

The current study did not include any psychosocial workplace factors because 

of the nature of the investigation. In addition, because this study analyzed BI rates in 

two professional groups (RNs and LPNs), it is thought that the differences in 

psychosocial factors associated with work may be less important than in studies 

comparing groups that differ more significantly. The conclusions drawn by many, as 

outlined in this literature review, indicate the importance of biomechanical variables 

as related to BI risk in nurses. 

2.2 Personal Factors (health history, demographics and lifestyle factors) 

Personal factors contributing to OBI have been researched extensively. In this 

section, a variety of personal factors relating to OBI will be discussed including 

health history, demographic, and lifestyle factors. 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

2 8

psychosocial and biomechanical variables to contribute to BI risk. It has also been 

postulated that the interaction of physical and psychological components of work 

form an inverse “j ” relationship where psychosocial factors play a larger role in 

increasing risk in work with lower physical intensity, and that biomechanical factors 

contribute more as physical work intensity increases (Marras, 2000). A review of 

literature completed by Carter and Birrell (2000) concluded that strong evidence 

existed relating individual psychosocial factors (low job satisfaction and 

unsatisfactory psychosocial aspects of work) to an increased incidence of BI, but that 

the overall size of the effect was small. In addition, the mixed results in the literature 

cited above related to nursing personnel does not allow for any conclusions regarding 

BI in nurses related to psychosocial factors at work (Lagerstrom, Hansson &

Hagberg, 1998).

The current study did not include any psychosocial workplace factors because 

of the nature of the investigation. In addition, because this study analyzed BI rates in 

two professional groups (RNs and LPNs), it is thought that the differences in 

psychosocial factors associated with work may be less important than in studies 

comparing groups that differ more significantly. The conclusions drawn by many, as 

outlined in this literature review, indicate the importance of biomechanical variables 

as related to BI risk in nurses.

2.2 Personal Factors (health history, demographics and lifestyle factors)

Personal factors contributing to OBI have been researched extensively. In this 

section, a variety of personal factors relating to OBI will be discussed including 

health history, demographic, and lifestyle factors.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



29 

BI occurrence is very high in the general population of industrialized nations. 

A positive aspect of this condition, despite its high rate of occurrence, is that BI 

usually resolves quickly, 75% of compensable BI resolves within 4 weeks and 90% 

within 3 months (Skovron, 1992). However, recurrence is very common. The most 

consistent finding in this area of the literature is the increased risk of OBI in 

individuals with a history of back problems in various occupations (Battie & Bigos, 

1991; Biering-Sorensen, 1993; Bigos Battie, Spenger et al., 1992; Bigos et al., 1991; 

Carter & Birrell, 2000; Kerr et al., 2001; Troup, Foreman, Baxter & Brown, 1987) 

including nursing (Fuortes, Shi, Zhang, Zwerling, & Schootman, 1994; Harber et al., 

1994; Koehoorn, 1999; Lagerstrom, Hansson, et al., 1998; McAbee, 1988; Smedley, 

Egger, Cooper & Coggon, 1997; Yenning, Walter & Stitt, 1987). In Canada the 

percent of recurrence has been estimated at 36% over a 3 year period (Skovron, 

1992). This estimate is lower than estimates reported in other countries, which are 

reported as high as 83% in a one year follow-up (Skovron, 1992). The consistent 

finding that OBI history increases an individual's risk of recurrent problems 

highlights the importance of primary prevention in decreasing OBI rates. If a first 

time BI can be avoided, recurrence and resultant cost to the workplace and individual 

will be eliminated. 

An individual's lifestyle factors have been investigated at great length in their 

relationship to OBI. There has been contradictory evidence in the area of leisure time 

physical activity and OBI, with some studies showing higher physical activity levels 

decrease the risk of OBI (Burdorf & Sorock, 1997; Burton, Tillotson & Troup, 1989; 

Feinstein et al., 1988; Gundewall, Liljeqvist & Hansson, 1993; Leino, 1993; Owen & 
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Damron, 1984) and others showing no statistically significant relationship (Frymoyer, 

Pope, Clements, Wilder, MacPerson, et al., 1983; Venning et al., 1987; Videman et 

al., 1984). More convincing evidence has come from directly measured aerobic 

fitness levels, showing that higher aerobic fitness levels correspond to lower OBI 

(Battie, Bigos, Fisher, Hansson, Nachemson et al., 1989; Cady, Bischoff, O'Connell, 

Thomas & Allan, 1979). A literature review completed by Vuori (2001) concluded 

that there was strong evidence that leisure time physical activity can prevent a first 

episode BI while prolonged, heavy sports activities may increase risk. 

Muscular strength and endurance measures have also shown conflicting 

results in relation to OBI risk. Several studies have shown various measures of trunk 

muscular strength and endurance to be related to a decreased BI risk. Biering-

Sorensen (1984) found a measure of maximum isometric strength in trunk forward 

flexion and extension as well as back extensor muscular endurance were associated 

with a decreased risk of BI. Cady and colleagues (1979) used an isometric lifting 

strength test and found higher strength values related to a lower BI risk in firefighters. 

Gundewall et al. (1993) used a back extension strength measure in a nursing 

population and found it was related to a decreased risk of BI while Videman and 

colleagues (1989) used sit up scores as a measure of abdominal endurance and found 

that higher scores on this test were related to a lower BI risk. Some studies have 

found no clear relationship between trunk muscle strength and endurance and BI risk. 

Mostardi, Noe, Kovacik and Porterfield (1992) and Battie, Bigos, Fisher, Hansson, 

Jones et al. (1989) found results of an isometric lifting strength task to not be 

significantly related to lower BI risk. Dueker, Ritchie, Knox and Rose (1994) used an 
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isokinetic test of spinal flexion and extension movements and also found no 

relationship in the study group between risk of BI and these measures. The same type 

of results for flexibility of the trunk and hamstrings have been published. Biering-

Sorensen (1984) found that increased flexibility as measured by a straight leg raise, 

knee extension and Schober test (measure of anterior spinal flexion in the lumbar 

region) decreased one's risk of BI. Battie and colleagues (1990b) found no such 

relationship in their investigation measuring spinal flexibility in a forward flexion 

movement. It is difficult to compare studies on trunk muscular strength and 

endurance and flexibility of the back and hamstrings, as there has been a lack of 

consistency in method and variability of measurement. Battie and Bigos (1991) 

concluded, in their literature review, that further investigation is needed in these areas 

before conclusions can be made regarding the relationship between trunk muscular 

strength and endurance, flexibility of the back and hamstrings, and risk of BI. 

Studies of anthropometric measures have shown conflicting results. Obesity, 

as measured by body mass index, has been associated with an increased risk of BI 

(Fuortes et al., 1994; Han, Schouten, Lean, & Seidell, 1997; Liira, Shannon, 

Chambers & Haines, 1996) while some studies have shown very weak or no 

relationship between these two factors (Battie & Bigos, 1991; Heap, 1987). Garrett, 

Singiser and Banks (1992) found nurses weighing over 200 pounds had more severe 

BI than nurses weighing less than 200 pounds. One study investigating 

anthropometric measures and risk of OBI found weight was a significant contributor 

only for women and was more significant in those who reported having experienced a 

previous BI (Battie, Bigos, Fisher, Spengler, Hansson, Nachemson, & Worthey, 
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1990a). An increased waist girth has also been linked to an increased risk of BI (Han 

et al., 1997). Han and colleagues (1997) suggested that a possible reason for this 

discrepancy of anthropometric measures and BI is the use of weight or body mass 

index alone, which can be increased not only by increased fat mass, but also by 

increased muscle mass. Without additional measures it is impossible to determine 

which factor is increasing body weight. Han and co-workers (1997) suggest the use 

of anthropometric variables such as body mass index and waist girth in combination 

to discriminate between causes of increased body weight when investigating its 

relationship to BI. 

Some personal factors have been associated with OBI through research. 

Smoking has been clearly linked to a higher rate of OBI in several studies (Battie, 

Bigos, Fisher, Hansson, Nachemson et al., 1989; Biering-Sorensen, 1986; Bigos, 

Battie, Fisher et al., 1992; Frymoyer et al., 1983; Goldberg, Scott, & Mayo, 2000; 

Han et al., 1997; Liira et al., 1996; Owen, 1985; Vallfors, 1985) as well as to an 

increased rate of intervertebral disc degeneration (Battie, Videman, Gill, Moneta, 

Nyman, Kaprio, & Koskenvuo, 1991). Battie and fellow researchers (1991) theorized 

that the increased disc degeneration could be due to decreased blood flow to the disc 

because of arteriosclerosis. A study completed in Norway showed a combination 

effect of heavy physical work and smoking (Erkisen, Natvig & Bruusgaard, 1999). 

Smokers whose job involved heavy lifting had a much higher rate of BI than non-

smokers with the same job characteristics (Erkisen et al., 1999). It was postulated by 

both of these groups of researchers that decreased blood flow would affect disc 

nutrition and negatively influence disc health. Another theory put forward was that 
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exposure of all body tissues, including the discs, to chemicals in cigarette smoke 

could affect disc metabolism and accelerate degeneration (Battie et al., 1991). 

Although the link between smoking and OBI has been made in several studies, 

contradictory results have also been published. In studies looking at the nursing 

population no association between smoking and OBI risk has been observed (Cato, 

Olson & Studer, 1989; Lagerstrom, Hansson & Hagberg, 1998). In addition, in 

studies that have associated this factor with increased risk of OBI, the magnitude of 

the effect has been small (Frank et al., 1996). 

Age has also shown a relationship to BI with older individuals being at 

increased risk (Burton et al., 1989; Liira et al., 1996; Lonstein & Wiesel, 1988; Owen 

& Damron, 1984; Videman et al., 1984). Several studies, however, have been unable 

to discern a significant relationship between age and BI (Burdorf & Sorock, 1997; 

Fuortes et al., 1994; Heap, 1987; McAbee & Wilkinson, 1988). The Boeing study of 

airplane manufacturing employees found an inverse relationship between age and 

OBI (Battie et al., 1990a; Bigos, Battie, Fisher et al., 1992) as did Spitzer (1987) with 

analysis of Quebec workers compensation cases. Similar inverse relationships have 

been reported for nursing personnel (McAbee, 1988; Yassi, Khokhar, Tate, Cooper, 

Snow, et al., 1995). Lagerstrom, Hansson and Hagberg (1998) review several 

contradictory studies of the relationship between age and risk of BI in nursing 

personnel. Burdorf & Sorock (1997) noted a trend in these age discrepancy results 

with the positive association between increasing age and increasing risk of BI 

occurring in the more severe, chronic BI cases, whereas isolated BI episodes were 

either not related or sometimes negatively related to age. Koehoorn (1999), however, 
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found that increased age elevated the risk of musculoskeletal injury in a group of 

health care workers. 

Another factor to consider when looking at the relationship between age and 

BI is seniority, or the length of time an individual has been in their current job. 

Studies on health care workers (Koehoorn, 1999) and nurses (Garrett, et al., 1992) 

have shown that less time in a position increases one's risk of a musculoskeletal or 

back injury. Inverse relationships between age and BI may be partly explained by 

skill, experience and resultant mechanical efficiency on the job (McAbee, 1988). A 

study by Gagnon, Plamondon, Gravel and Lortie (1996) found expert bricklayers had 

a safer posture during work activities than did novice bricklayers. Other postulated 

theories regarding this inverse relationship include the healthy worker effect (only 

those with low susceptibility to back problems survive to later years on the job) and 

that younger workers may be given the more physically demanding tasks in the 

workplace (Kraus et al, 1997). Conflicting evidence exists in a study by Cato and 

colleagues (1989) which found that as exposure (i.e., amount of time) on a high risk 

ward increased for nurses, risk of BI also increased. A study by Kumar (1990) 

showed that, when biomechanical load and time exposed to that load in an occupation 

are considered together, the cumulative load (i.e., biomechanic load over entire work 

experience) is related to an increase in BI rates. 

The relationship between gender and BI has also been investigated, with 

mixed outcomes. Certain investigations have found no association between gender 

and BI risk (Fuortes et al., 1994; Yassi et al., 1995). Studies of hospital workers by 

Feinstein and colleagues (1988) and nurses by Garrett et al. (1992) found females to 
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be at increased risk, while literature reviews by Burdorf and Sorock (1997) and 

McAbee and Wilkinson (1988) outlined several studies with conflicting results. 

Gender as a risk for BI is difficult to isolate and is often confounded by exposure to 

other risk factors in the work or home environment (Burdorf & Sorock, 1997; 

McAbee, 1988). It is difficult to discern a relationship between gender and BI in a 

nursing population, because of the predominance of female nurses (McAbee & 

Wilkinson, 1988). 

Other non-physical measurements have been studied as risk factors for OBI. 

Marital status was associated with BI (Biering-Sorenson, 1986). This study found 

that men living alone were at increased risk for OBI. Ryden, Molgaard, Bobbitt and 

Conway (1989) found martial status in hospital workers to have no significant 

association with OBI. 

Personality measures have also been studied in relation to BI. One of the 

largest studies examining personality and OBI was the Boeing study in which the 

Minnesota Multiphasic Personality Inventory (MMPI) was completed by 3,020 

participants (Bigos, et al., 1991). Individuals scoring highest on Scale Three 

(Hysteria) of the MMPI were two times more likely to have OBI during the study 

period (Bigos et al., 1991). Further analysis of the MMPI Scale Three showed that 

lassitude/malaise, denial of social anxiety, and need for affection (although only 

marginally) were the three sub-components of the MMPI Scale Three most related to 

the higher reporting of OBI (Fordyce, Bigos, Battie & Fisher, 1992). On final 

analysis of the study results those in the highest risk groups for job task enjoyment, 

MMPI scale three and history of back treatment had 3.3 times the number of OBI 
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reports than those in the lowest risk group (Bigos et al., 1991). A literature review by 

Lagerstrom, Hansson and Hagberg (1998) outlined that minor psychiatric disorders 

and frequent low mood had been linked to BI, but that there is insufficient evidence to 

draw conclusions regarding the association between personal psychological factors 

and BI risk. 

Level of education is another non-physical individual factor that has been 

related to OBI. Conflicting results exist in this area, with some investigations 

showing that lower education levels lead to an increased risk of OBI (Liira et al., 

1996; Vallfors, 1985) while others have found the opposite relationship (Bigos et al., 

1991; Magora, 1972). Investigation in the nursing population has shown that nurses 

aides have a higher level of OBI than do practical nurses and registered nurses 

(Saskatchewan Workers' Compensation Board, 2001, Venning et al., 1987). This 

relationship was related to qualifications and education level in a study by Feinstein 

and co-workers (1988) where Registered Nurses had an age adjusted BI rate of 63%, 

Practical Nurses had a rate of 73% and Nurses Aids had a rate of 81%. Feinstein and 

fellow researchers (1988) did state, however, that job category is a function of both 

educational level and job task requirement. A comprehensive literature review 

completed by Dionne and colleagues (2001) concluded that current evidence shows 

an association of low education with longer duration and higher recurrence of back 

pain as opposed to onset of back pain. 

2.2.1 Summary of Personal Factors 

In summarizing personal factors and BI it appears that previous BI is the only 

factor that has been linked to increased risk. Smoking has been shown to increase 
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risk minimally in some studies, but conflicting results have also been published. 

Research in the area of physical activity and aerobic fitness has shown some 

relationship to BI but the results are not yet conclusive. Investigations of muscular 

strength and endurance, flexibility and anthropometric variables have had mixed 

results as have studies investigating the relationship of BI to age and gender. Studies 

examining education levels and their relation to BI have not yet been completed with 

controls for work demands. Due to lack of evidence in linking BI to many of these 

variables, the fact that no conclusive relationships have been found between personal 

factors and BI in nurses, and constraints with the study design as outlined in Chapter 

3, only the personal variables of previous BI, months employed, seniority, age and 

gender were collected in the current investigation. 

2.3 Biomechanical Factors 

Biomechanical factors associated with OBI has been a topic studied at great 

length. However, many studies published in this area have used non-validated 

measurement of physical work demands. Self reporting of work load or assumption 

of work load based on broad job title rather than direct observation and measurement 

have been typical of studies in this area (Frank et al., 1996). There has been, 

however, general support in the literature for some areas of biomechanical risk factors 

and OBI. Heavy lifting in industry (Battie & Bigos, 1991; Biering-Sorensen, 1993; 

Burdorf & Sorock, 1997; Frymoyer et al., 1983; Klein et al., 1984; Kujala, et al., 

1996; Liira et al., 1996; Magora, 1972; National Institute of Occupational Safety and 

Health [NIOSH], 1997), increased spinal loading (Andersson, 1981; Biering-

Sorensen, 1993; Kelsey, et al., 1984; Kujala et al., 1996) and higher peak lumbar 
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shear and cumulative lumbar disc compression (Kerr et al., 2001), have been related 

to increased occurrence of OBI. Some studies have shown up to ten times the average 

number of BI claims in jobs involving these activities (Erdil et al., 1994). Frequent 

bending and twisting or awkward work postures have also been linked with an 

increased risk of OBI (Burdorf & Sorock, 1997; McAbee, 1988; NIOSH, 1997). 

Prolonged standing or sitting has also been linked with increased risk of OBI in some 

occupations, with those who stand and sit for short periods of time having the lowest 

incidence of BI (Andersson, 1981; Magora, 1972). Motor vehicle driving (Klein et 

al., 1984) and whole body vibration (Andersson, 1981; Battie & Bigos, 1991; 

Frymoyer et al., 1983; Lings & Leboeuf-Yde, 2000; NIOSH, 1997) have also been 

shown to be related to an increased risk of OBI. A recent study by Battie and 

colleagues (2002) had conflicting findings regarding whole body vibration in a 

Finnish twin study. This investigation concluded that occupational driving and 

resultant whole body vibration, while potentially exacerbating symptoms of a BI, 

does not cause disc degeneration (Battie, et al., 2002). 

The research outlined above shows the relationship between various 

biomechanical factors and OBI has been well established. This makes the results of 

the Boeing study outlined earlier (Bigos, Battie, Spengler et al., 1992), showing no 

association between biomechanical factors and OBI, confusing. The weaknesses 

relating to the measurement of biomechanical risk factors in the study make it less 

likely to identify biomechanical factors as a risk of OBI (Kerr et al., 2001; Frank et 

al., 1996). The Boeing study analyzed all job types with more than 19 workers in 

terms of maximal loads on the spine based on a biomechanic mathematical model. 
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The investigation by Kerr and colleagues (2001) where psychosocial and 

biomechanical variables were investigated in relation to BI found that both 

contributed significantly to increased risk of injury. This study measured 

biomechanical variables using a detailed observer checklist and breakdown and 

loading analysis of each job component, digital video analysis, and electromyography 

to estimate over 8 very specific biomechanical variables (Kerr et al., 2001). In 

reviewing this literature it can be concluded that although the confounding of 

psychosocial and biomechanical factors complicates the process of analyzing these 

two types of variables together (Bongers et al., 1993); both biomechanical and 

psychosocial variables contribute strongly to risk of BI (Kerr et al., 2001; Koehoorn, 

1999). 

In the nursing population, strong evidence has been found to link increased 

patient lifting with increased risk of OBI (Engkvist, Hjelm, Hagberg, Menckel, & 

Ekenvall, 2000; Feinstein et al., 1988; Fuortes et al., 1994; Hignett, 1996; McAbee, 

1988; Owen, 1985; Smedley et al., 1997; Stobbe, Plummer, Jensen, Attfield, 1988; 

Stubbs et al., 1983; Yenning et al., 1987; Videman et al., 1984). A study conducted 

by Marras and colleagues (1999) found that performing common patient handling 

tasks placed compressive forces on the spine that exceeded and surpassed the 

tolerance limits set by NIOSH even when assistive devices such as draw sheets were 

used. 

This link between patient handling and OBI is thought to be related to data 

which has shown, as mentioned in the previous section, that nurses aides, practical 

nurses and registered nurses have different BI rates. In a study of workers' 
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compensation data, Nurses Aids had the highest incidence of BI followed by Practical 

Nurses and Registered Nurses (Jensen, 1987). Saskatchewan data show similar trends 

with nurses aides having higher rates of BI than registered nurses (Saskatchewan 

Workers' Compensation Board, 2001). It has been postulated that this difference in 

incidence is associated with the increased frequency of patient lifting by nurses aides 

as compared to practical nurses and registered nurses and practical nurses as 

compared to registered nurses (Lagerstrom, Hansson, et al., 1998). In fact, in some 

studies, Nurses Aids have been shown to have almost 5 times, and Practical Nurses 

almost 3 times, the incidence of BI as compared to Registered Nurses (Hagberg, 
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while others have not (Harber et al., 1994; Hignett, 1996; Lagerstrom, Josephson, 

Pingel, Tjernstrom & Hageberg, 1998; Pheasant & Stubbs, 1992; Venning et al., 

1987; Wood, 1987). Perhaps this issue is clouded by the attitudes of nursing 

professionals believing that it is their duty to perform the hard work of lifting 

unquestioningly and that they should be able to lift all patients (McAbee, 1988). 

Another factor which may enter into this problem is the lack of situations in which 

nurses can use proper lifting techniques due to room layout, lack of space, lack of 

equipment, or lack of staff for team lifting (Pheasant & Stubbs, 1992). 

Patient lifting will always be a strenuous task due to the heavy weights 

needing to be moved and the forceful exertions that result (Owen, Keene, Olson, 

2002). It has been hypothesized, therefore that interventions to remove this task from 

nursing duties may decrease the incidence of injury. A study by Yassi and colleagues 

(2001) investigated the results of availability of a mechanical assistive device on self-

perceived work fatigue, back and shoulder pain, as well as injury rates. The use of the 

assistive device did decrease staff fatigue but did not significantly reduce BI rates. 

Owen et al. (2002) investigated the effects of making five assistive devices 

(mechanical lift, sit/stand mechanical lift, walking belt, friction reducing sheet for 

repositions and transfers, and a device to allow for toileting in bed) available to 

nurses. The study found that perceived physical stress to the back as well as back 

injuries and time lost were decreased. 

In referring back to the personal risk factors section, it is also important to 

consider here the cumulative effects of patient lifting in a nursing population as 

represented by years employed in the nursing profession. Studies have shown that 
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exposure to a heavy workload over a period of time does increase risk of BI (Cato et 

al, 1989; Kumar, 1990). Conflicting results do exist (Koehoorn, 1999; Garrett et al., 

1992) and suggest a lack of skill in job tasks or insufficient time to allow body tissues 

to adapt to new types of stress may be related to risk of BI. The issue of patient 

lifting and cumulative effects of exposure to patient lifting leads into the next section, 

which discusses various mechanisms that may lead to musculoskeletal injury. 

2.3.1 Mechanisms of Musculoskeletal Injury 

It could be postulated that the relationship of the biomechanical factors 

outlined in this section to OBI could be a result of fatigue of body tissues after 

repeated or sustained exertion. It is an accepted fact that if a load placed on the spine 

exceeds the failure tolerance (or load carrying capacity) of the tissue, this force, 

applied once, will produce an injury. Many researchers believe, however, that this 

type of injury occurs infrequently (McGill, 1997). Most back injuries are believed to 

come from cumulative trauma caused by a load with a magnitude below the failure 

tolerance (de Looze, Visser, Houting, van Tooy, Dieen, Toussaint, 1996; McGill, 

1997). These cumulative trauma injuries may, however, be marked by a culminating 

event which sometimes confounds the issue of cause of the injury (McGill, 1997). It 

has been estimated that just over 50% of industrial back claims involved a sudden 

onset of pain after a certain movement with the remainder involving pain gradually 

increasing over one to two days (Kraus et al, 1997). In fact, even if an injury is 

related to one event in compensation data, it is often done so because it is required by 

workers compensation or the worker believes it is required. This leads to a situation 

in which injury data is collected to reflect a cause of one traumatic incident rather 
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than its true cumulative nature (Kraus et al, 1997). It is, therefore, easy to rationalize 

why the statistics related to what a person physically does and the incidence of BT 

generally are so poor (Erdil et al, 1994). 

In cumulative trauma injuries, the injury results from accumulated trauma 

produced by repetitive low load application or the application of a sustained load for a 

long duration. The application of this load repetitively or for a duration decreases the 

failure tolerance of the tissue to a point where the once sub-failure load reaches the 

failure tolerance. This cumulative trauma causes injury more rapidly when a load of 

greater magnitude is applied (McGill, 1997). This is supported by Kumar (1994) in 

his presentation of a conceptual model of overexertion, safety, and risk of injury in an 

occupational setting which stated that, "In addition to direct trauma . . . 

musculoskeletal injuries can be caused by a single overexertion or frequent or 

sustained loading . . . The strength of body tissues is affected by factors such as 

fatigue . . . in addition to demographic and pathological factors" (p. 200). 

In attempting to avoid such cumulative trauma injuries it is important to 

realize that tissue adaptation stimulated by exposure to the load is one of the most 

important goals of prevention. To achieve this adaptation, exposure to load is 

necessary, but must be timely. In other words the tissues must be stressed to the point 

of accumulating micro-trauma but then must also be given the time to heal and adapt, 

gradually increasing the failure tolerance of the tissue (McGill, 1997). Hagberg and 

colleagues (1997) developed a model to describe this process of tissue exposure to 

stress (or energy) and recovery. In this model it is explained that the tissues of the 

spine can be exposed to a lower magnitude of energy or stress, below what would 
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cause a detectable injury, and can recover from that exposure. However, if tissues are 

exposed to this same magnitude of energy or stress repeatedly in a short time period 

there may be interactions between the repair/recovery process and the exposures 

(Hagberg et al., 1997). An exposure that would produce no detectable effect may be 

followed closely by another exposure at the same level resulting in a detectable injury 

(Hagberg et al., 1997). This work highlights the fact that workplaces, ergonomists, 

and researchers must move away from focusing only on load magnitude as it relates 

to injury. It must be recognized that too much of anything, be it load, repetitions, 

sitting or even lying has negative effects on back health (McGill, 1997). 

2.3.2 Summary of Biomechanical Factors 

In summary, research has linked biomechanical factors at work to increased 

risk of OBI. Factors such as heavy lifting, increased spinal loading and shear force, 

and frequent bending or twisting have been shown through epidemiological research 

to increase OBI. The magnitude of their relationship to OBI has been shown to be 

great. Researchers have reported up to five times the risk of OBI for individuals 

exposed to these biomechanical risk factors (Frank et al., 1996). Nursing 

professionals have also been studied in relation to biomechanical factors at work with 

patient lifting, carrying and pushing and working in awkward postures increasing OBI 

risk. 

In light of the strong associations between biomechanical factors and BI risk 

and the criticisms of previous studies using self reported risk factors collection, 

biomechanical factors were measured and accounted for in this study using direct 

observation. This investigation collected data on biomechanical risk factors for the 
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upper and lower body including awkward postures, patient lifting, manual handling, 

repetition, vibration, and forces by direct observation of all unique occupations (based 

on job title and department worked on) included in the study. 

In keeping these factors in mind, it is important to note that biomechanical 

factors can affect human tissue and lead to BI in various ways. The mechanisms of 

musculoskeletal injury section outlined how exposure to lower loads repeatedly 

without time for recovery, may lead to tissue failure and injury. This ties into the 

next section which outlines the effects of shift work on the health of nurses and leads 

into the effects of 8 and 12 hour shifts on BI risk. 

2.4 Shift work 

In addition to the psychosocial, personal and biomechanical factors relating to 

OBI, nurses also deal with another health risk relating to their occupation, shift work. 

It is estimated that approximately twenty percent of employees in industrialized 

societies are shift workers (Harrington, 1994). Shift work is a way of organizing 

working hours in which different people or teams of people work in succession to 

cover more than the "typical" eight hour working day, up to coverage of a full twenty-

four hours (Costa, 1997). Shift work is becoming more pervasive in our society as 

technology has made it possible to do many activities at any time of the day or night. 

One reason shift work levels have increased is that companies have found it more cost 

effective to operate plants around the clock. In other instances, certain vital services, 

such as health care, require 24 hour access. 

Shift work can be structured in many different ways. An individual worker 

may work a permanent day, night or evening shift, while others may rotate the shifts 
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they work by cycling different shift times with days off (Costa, 1997). Shift work 

may or may not include night work, and shifts can start and finish at regular intervals 

or they can be irregular (Costa, 1997). Shift cycles and shift length can be regular or 

irregular and the speed and direction of shift cycles can vary (Costa, 1997). Duration 

of shifts can also vary, typically between 6 and 12 hours (Costa, 1997). 

Shift work has been shown to have many negative impacts on the health of the 

worker (Costa, 1997). Most of these health problems are thought to result from a 

disruption of individuals' circadian rhythms. Circadian rhythms are described as the 

body's internal clock which keeps an individual awake during daylight and asleep 

during the night hours (Costa, 1997). Shift work has been shown to decrease quality 

and quantity of sleep (Costa, 1997; Sparks, 1992). This lack of sleep leads to fatigue 

and increased risk of accidents and errors on and off the job and can decrease overall 

work performance (Costa, 1997). As well, shift work has been shown to interfere 

with social relations (Costa, 1997). The general health of the shift worker can also be 

negatively affected resulting in digestive upset and disorder, increased morbidity and 

mortality from cardiovascular disease (Costa, 1997; Sparks, 1992) and myocardial 

infarction (Knutsson, Hallquist, Reuterwall, Theorell, & Akerstedt, 1999). 

Shift work seems, however, to be a part of the work environment that will not 

soon be eliminated. If it is accepted that shift work is unavoidable in some 

occupations, the goal must then be to reduce the strain and resultant problems shift 

workers encounter as a result of their work schedule. Much research has been 

completed regarding optimal work schedules for shift workers to minimize the 

detrimental effects outlined above. 
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In designing shift systems, permanent shifts seem to be advantageous as 

compared to rotating shifts for several reasons. A study by Coffey, Skipper and Jung 

(1988) showed that job performance was lower in rotating shift workers as compared 

to day workers and that this same group had higher levels of job stress compared to 

permanent afternoon, day and night workers. A study completed with nurses showed 

that those working rotating shifts were 2 times as likely to report poor quality sleep 

and had 2.5 times the rate of near miss accidents and twice as many actual errors on 

the job (Gold, et al., 1992). Rotators have also been shown to report more medication 

use and an increased likelihood of nodding off during work hours (Gold et al., 1992). 

A study completed on police officers showed that when the workplace changed from 

rotating to permanent shifts employees reported getting more sleep and having lower 

levels of psychological stress (Phillips, Magan, Gerhardstein, & Cecil, 1991). The 

levels of absenteeism in the workplace also decreased with the implementation of 

permanent shifts (Phillips et al., 1991). The issue that arises with permanent shift 

work is that, if the workplace is operating twenty-four hours, some employees will be 

required to work a permanent night shift. 

Working nights has also been shown to be detrimental to the health of 

employees. Glazner (1989) found a higher rate of injuries per hour in firefighters 

working night shifts as compared to those working day shifts. Errors and accidents 

among employees have also been shown to be higher when working night shifts 

(Akerstedt, 1991). Job performance has also been shown to be lower in night workers 

(Coffey et al., 1988). This may be related to study findings that reaction time 

decreases over consecutive night shifts (Akerstedt, 1991; Totterdell, Spelten, Smith, 
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Barton, & Folkard, 1995) or findings showing that work capacity (as measured by 

oxygen uptake, carbon monoxide production and cardiac work cost), sensory acuity 

and neuromuscular activity were impaired during the night hours as compared 

directly to tasks performed during the day (Colligan, 1983). Sleep time has also been 

shown to be shortest for employees while working the night shift (Gold et al, 1992; 

Paley & Tepas, 1994). This undoubtedly leads to sleepiness and increased fatigue in 

these workers (Akerstedt, 1991; Paley & Tepas, 1994). In addition, a study of 

firefighters showed that, with progression through a night shift, positive mood ratings 

decreased (Paley & Tepas, 1994). Certain populations may be more susceptible to the 

effects of night work. A study by Reilly, Waterhouse and Atkinson (1997) showed 

that night work may be more difficult for older employees as an individual's circadian 

rhythm tends to become more morning oriented with age. With these study findings 

showing the detrimental effects of night work, the case for moving to permanent shift 

systems that include a night shift weakens. In addition, working a permanent night 

shift makes it very difficult to accommodate family and social life and, therefore, not 

withstanding the study results cited above, few employees are willing to take on this 

permanent shift. 

If then, rotating shifts are unavoidable in certain situations, how are they best 

scheduled to ensure employee's health is affected in the least? In relation to speed of 

rotation of shift schedules, studies of firefighters have shown that even after two 

weeks on a certain shift, employees had not adapted to changes in their sleep schedule 

(Paley & Tepas, 1994). As a result, many researchers feel that, if rotation is to occur 

it should occur quickly, as cumulative fatigue from working consecutive night shifts 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

4 8

Barton, & Folkard, 1995) or findings showing that work capacity (as measured by 

oxygen uptake, carbon monoxide production and cardiac work cost), sensory acuity 

and neuromuscular activity were impaired during the night hours as compared 

directly to tasks performed during the day (Colligan, 1983). Sleep time has also been 

shown to be shortest for employees while working the night shift (Gold et al, 1992; 

Paley & Tepas, 1994). This undoubtedly leads to sleepiness and increased fatigue in 

these workers (Akerstedt, 1991; Paley & Tepas, 1994). In addition, a study of 

firefighters showed that, with progression through a night shift, positive mood ratings 

decreased (Paley & Tepas, 1994). Certain populations may be more susceptible to the 

effects of night work. A study by Reilly, Waterhouse and Atkinson (1997) showed 

that night work may be more difficult for older employees as an individual’s circadian 

rhythm tends to become more morning oriented with age. With these study findings 

showing the detrimental effects of night work, the case for moving to permanent shift 

systems that include a night shift weakens. In addition, working a permanent night 

shift makes it very difficult to accommodate family and social life and, therefore, not 

withstanding the study results cited above, few employees are willing to take on this 

permanent shift.

If then, rotating shifts are unavoidable in certain situations, how are they best 

scheduled to ensure employee’s health is affected in the least? In relation to speed of 

rotation of shift schedules, studies of firefighters have shown that even after two 

weeks on a certain shift, employees had not adapted to changes in their sleep schedule 

(Paley & Tepas, 1994). As a result, many researchers feel that, if rotation is to occur 

it should occur quickly, as cumulative fatigue from working consecutive night shifts

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49 

can be avoided, especially when no hope of physical adaptation to a shift will occur 

for such a long period (Knauth, 1993). However, some studies have shown that 

adjustment does occur minimally when the same shift is repeated for a longer period 

of time (Akerstedt, 1991). These researchers believe that having a slower rotation 

will decrease sleepiness in the long run (Akerstedt, 1991). Forward rotation of shifts 

is also recommended, as it is easier for the body to adjust to a new sleep pattern if the 

shift change is in the clockwise direction (Akerstedt, 1991; Knauth, 1993). If 

possible, a shorter night shift should be employed to avoid the cumulative fatigue this 

shift can bring on (Akerstedt, 1991). 

Controversy has existed in the literature regarding work shift duration in 

relation to the health of a worker. The most common shift systems employ either 

regular or compressed working week schedules. A regular working schedule would 

involve employees working eight hour shifts with the day broken into a day, evening 

and night shift. Compressed working week schedules usually involve 12 hour shifts 

worked during the day and night. Compressed working weeks have been defined as 

any system of fixed hours of work which are more than eight hours in duration, 

resulting in a working week of less than five full days (Smith, Folkard, Tucker & 

Macdonald, 1998). Many studies have examined the effects of varying shift length 

on numerous workplace factors. Various types of workplaces, in addition to 

workplaces employing nurses, have been investigated in relation to 8 and 12 hour 

shifts and job satisfaction, work performance, physical effort on the job, accidents, 

moonlighting, health, sleepiness, and fatigue. Quality of care on nursing wards has 

also been studied and will be discussed later in this section. 
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One of the main arguments for the implementation of 12 hour shifts is the 

contention that nurses prefer them, and that such a switch will, therefore, increase job 

satisfaction. Mills, Arnold and Wood (1983) reported a positive attitude among 

nurses toward 12 hour shifts, stating that increased time off and decreased commuting 

times were the main reasons why this group did not want to return to eight hour shifts. 

This supports an issue raised in a literature review by Tepas (1989), in which it was 

stated that, although some studies have reported increased satisfaction among nurses 

with 12 hour shifts, the cause of the satisfaction is reported by most to be external to 

the workplace. In fact, some report satisfaction with the shift system despite 

increased fatigue and poorer work performance and reported perceptions of the 

system as detrimental to their health, safety and productivity (Tepas, 1989). It is also 

true, however, that many nurses do not accept 12 hour shift systems and, in fact, 

prefer eight hours systems (Smith et al., 1998; Tepas, 1989; Todd et al., 1991). A 

survey among a related occupational group, emergency physicians, showed that 74% 

preferred eight hour over 12 hour shifts (Thomas, Schwartz & Whitehead, 1994). A 

critique and review of the literature from 1970 to 1993 showed that longer shifts have 

not been found to increase job satisfaction among nurses (Bernreuter & Sullivan, 

1995). A study conducted by Todd and colleagues (1993) investigated several factors 

relating to job satisfaction 1 month before and 6 months after a change from 8 to 12 

hour shifts. The results showed that the implementation of 12 hour shifts was related 

to employees rating their personal lives as second to work more often and reporting 

decreased time with family (Todd et al., 1993). A drop in intrinsic and extrinsic job 

satisfaction also resulted (Todd et al., 1993). The study also found that those 
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surveyed believed this system would discourage others from returning to the nursing 

profession (Todd et al., 1993). 

Investigations looking at performance of employees working 8 and 12 hour 

shifts has shown that performance decreases as the number of work hours increase 

(Sparks, 1992). A study by Rosa and Bonnet (1993) found that decrements in a 

computerized performance task and self reported alertness existed in the extra 4 hours 

of an extended shift. Some studies have also shown, however, that although physical 

effort decreases with 12 hour shifts overall performance does not decrease (Axelsson, 

Kecklund, Akerstedt, & Lowden, 1998). 

Studies relating to nursing specifically have investigated quality of care of 

patients on wards with nurses working 8 and 12 hour shifts. In making a case for 12 

hour shifts, many have stated that quality of care will be increased because of a 

decrease in turnover time between shifts (decrease from 3 to 2 turnovers with 12 hour 

shifts) (Northcott, 1995). Some studies have found that quality of care does not 

change with a change from 8 to 12 hour shifts (Mills et al., 1983). However, other 

studies have found the opposite to be true, with quality of care decreasing with the 

implementation of 12 hour shifts (Todd, Reid & Robinson, 1989). A study completed 

by Reid, Robinson and Todd (1993) showed a decrease in direct patient care by 

nurses with a 12 hour shift system, while non-direct patient care increased. This was 

especially true in the last three hours of the 12 hour shift suggesting a possible pacing 

effect by nurses working these longer hours (Reid et al., 1993). A critique of studies 

on shift length completed by Bernreuter and Sullivan (1995) stated that the best 
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designed studies showed that quality of care was higher on 8 hour shifts as compared 

to 12. 

Accidents on and off the job have been investigated in relation to length of 

shift. Some studies in manufacturing industries have shown no change or a decrease 

in on the job accidents when a change occurred from 8 to 12 hour shifts (Laundry & 

Lees, 1991; Thomas et al., 1994). Other studies have shown increased incidence of 

on the job (Laundry & Lees, 1991) and off the job (Thomas et al., 1994) accidents. 

One study on a nursing population showed no increase in accidents or illness after a 

switch to a 12 hour shift system from an eight hour system (Gillespie & Curzio, 

1996). An analysis of four studies on accident risk and shift duration performed by 

Folkard (1996), however, showed that accident risk increased exponentially over the 

course of a shift (with the exception of the second to fourth hours where accident risk 

was higher than expected). The data analysis showed that risk of accidents was 

significantly higher during the last four hours of a 12 hour shift as opposed to the last 

four hours of an eight hour shift because of this relationship (Folkard, 1996). There 

has also been strong evidence in 3 studies of various occupational groups indicating 

that accident risk increases exponentially beyond the 8th or 9th hour at work 

(Akerstedt, 1995; Hanecke, Tiedeman, Nachreiner & Grzeck-Sukalo, 1998; Folkard, 

1996). Some investigators have concluded that, although research results have been 

conflicting, 12 hour shifts have the potential to contribute to human error and 

accidents at work (Smith et al., 1998). Others have concluded that the length of a 

shift should depend on the physical and mental demands of the task (Thomas et al., 
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1994) with jobs demanding higher physical workloads and high mental or emotional 

stress not moving to a 12 hour shift system (Knauth, 1993). 

Another concern employers have relating to 12 hour shift systems is the 

opportunity the longer duration of days off presents for employees to moonlight or 

have a second job. Studies relating to the occurrence of moonlighting in occupations 

such as firefighters have shown that moonlighting increases on a 12 hour shift system 

(Glazner, 1989; Knauth, 1993; Smith et al., 1998; Tepas, 1985). To the knowledge of 

the author through this literature review, no study to date has investigated this 

practice in nursing staff 

Investigations of critical thinking abilities of nursing staff on 8 and 12 hour 

shifts, as measured by a three minute reasoning test, have shown no difference 

between these two groups (Fields, 1988; Fields & Loveridge, 1988; Washburn, 1991). 

Cognitive reasoning, as measured by a memory and search task, has also been found 

to be unaffected by shift length (Todd et al., 1991). A critique of studies related to 

shift length variations in nursing completed by Bernreuter and Sullivan (1995) also 

found no difference in 8 and 12 hour shift workers relating to critical thinking. 

Sleepiness, alertness and fatigue have also been examined in the nursing 

population. Two studies using a subjective symptoms of fatigue test found that 12 

hour shift workers are drowsier at the end of a shift as compared to eight hour shift 

workers (Fields, 1988; Todd et al., 1993). A study completed by Mills and colleagues 

(1983) found 12 hour shift workers reporting that they were more physically and 

mentally tired at the end of the shift, as compared to eight hour workers. One study, 

which found staff less tired on a 12 hour shift system, neglected to consider that the 
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staff had requested a change to a 12 hour system and used a self reported measure in 

collection of the variable (Gillespie & Curzio, 1996). Others studies have been 

conducted, however, and have found that, although fatigue (measured by the 

subjective measures of fatigue test) increases at the end of a shift as compared to the 

beginning, no difference exists in fatigue levels at the end of a shift between 8 and 12 

hour shift workers (Fields & Loveridge, 1988; Washburn, 1991). In an investigation 

conducted with various manufacturing and engineering companies, it was found that 

alertness varied between 8 and 12 hour shifts depending on the time in the shift 

during which it was measured (Tucker, Smith, Macdonald, & Folkard, 1998). This 

study did not measure alertness at the end of the shift as did the studies above, but did 

find that eight hour shift workers were less alert in the morning, while 12 hour 

workers were less alert during the hours of 14:00 and 18:00 (Tucker et al., 1998). 

Some studies have, in the discussion of their results, postulated that higher levels of 

fatigue on some wards may have been tied to higher physical work demands 

(Washburn, 1991). This conjecture supports other studies which have recommended 

that workplaces with higher physical work demands not move to 12 hour shifts 

because of the detrimental effects of fatigue (Knauth, 1993; Smith et al., 1998). 

Although studies have shown conflicting results in this area, two literature reviews 

and study critiques have stated that research supports that fatigue increases in nurses 

working longer shifts (Bernreuter & Sullivan, 1995; Akerstedt, 1991). 

2.4.1 Summary of Shift work Literature 

In summarizing the shift work literature cited above it can be noted that much 

controversy regarding the optimal shift work schedule, especially pertaining to shift 
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length, still exists. Some researchers have been bold enough to state that, with the 

current knowledge of 12 hour shift systems, management may be knowingly putting 

staff and patients at risk by implementing such a system (Northcott, 1995). This 

statement stems from observation that, although conflicting results in the literature 

exist, the studies which have shown no difference between variables such as fatigue 

and quality of care in 8 and 12 hour workers have been shown to have poor methods. 

Most of the nurses involved in these studies had requested the change to 12 hour 

shifts and those who did not want to work 12 hour shifts had been allowed to change 

to a different unit (Thomas et al., 1994). In addition, many of the studies lacked a 

control group (Freer & Murphy-Black, 1995). 

Very little research has been conducted specifically looking at injuries of any 

kind and shift length. More specifically, this examination of the literature has shown 

that there has been a lack of study into the link between 12 hour shift systems and 

BIs. The only related study found was completed on a group of sewing machine 

operators. This study showed a decrease in sick leave and reported back problems 

when work day length was decreased from eight to five hours in length (Waersted & 

Westgaard, 1991). The other studies cited above, including those completed on a 

nursing population, collected no data on BIs, making this an obvious area in need of 

further study. 

It could be postulated that increased injuries are a result of increased 

drowsiness and fatigue, which has been shown by some studies in workers during 12 

hour shifts. In addition, as outlined in the biomechanical section of this literature 

review, cumulative loading can result in tissue fatigue. Without a rest interval within 
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the 12 hour shift to allow for recovery, 12 hour shift workers may have an increased 

risk of injury because of prolonged exposure to work. The additional four hours of 

exposure to such work may increase the demand on these tissues above the failure 

tolerance and cause injury. Before postulations are made regarding the potential 

causes of increased BI in nurses working 12 hour shifts, it must first be determined if 

this increased rate of injury exists in this population. No study to date has examined 

this issue. 

2.5 Summary of Literature Review 

There is a need to examine the relationship between shift length and BI in 

nurses. This study fills that gap which currently exists in the literature by attempting 

to determine if 12 hour shift workers are at an increased risk of BI as compared to 

eight hour shift workers. Based on the literature, other factors needed to be controlled 

in attempting to determine if a relationship between shift length and BI exists, 

because of their association to BI. Where possible, biomechanical factors were 

analyzed in this study through the use of direct observation. Where this was not 

possible, data from a similar facility, collected through direct observation, were used. 

Data on age, gender, seniority, previous BI, shift rotation, and length of employment 

within the HD being studied were also collected. The exact method in which this was 

done is outlined in Chapter 3. 
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Chapter Three: Methods 

This investigation was a retrospective follow-up study of BI reports in a group 

of nursing personnel employed in a primarily urban HD including three acute care 

and one rehabilitation facility during the study period, January 1, 1996 through 

December 31, 1997. The primary purpose of this investigation was to determine if a 

difference in BI incidence existed between nurses working eight and 12 hour shifts 

while controlling for other factors related to risk of BI. The secondary purpose was to 

examine temporal factors in relation to BI occurrence and determine if a difference in 

time of BI occurrence existed between eight and 12 hour shift workers. 

3.1 Study Population 

All full time RNs and LPNs actively employed by the HD on January 1, 1996 

in one of the four facilities included in the study were included in the initial subject 

database (n=817). ). Job numbers assigned by the HD were used to identify RNs and 

LPNs; Registered Psychiatric Nurses and nurses in administrative positions were not 

included in this investigation. Follow-up of each individual ceased at the end of the 

study period or upon the filing of a BI report. 

Individuals were excluded from the study if any of the following occurred: 

1. The employee was terminated from a nursing position within the Health 

District. This was done as a result of the fact that it was not possible to 

follow the employee for the duration of the study period. 

2. The employee took a leave of greater than one month for any reason. This 

was done as a result of the inability to assess biomechanical demands 

during the entire study period. 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

5 7

Chapter Three: Methods

This investigation was a retrospective follow-up study of BI reports in a group 

of nursing personnel employed in a primarily urban HD including three acute care 

and one rehabilitation facility during the study period, January 1, 1996 through 

December 31, 1997. The primary purpose of this investigation was to determine if a 

difference in BI incidence existed between nurses working eight and 12 hour shifts 

while controlling for other factors related to risk of BI. The secondary purpose was to 

examine temporal factors in relation to BI occurrence and determine if a difference in 

time of BI occurrence existed between eight and 12 hour shift workers.

3.1 Study Population

All full time RNs and LPNs actively employed by the HD on January 1, 1996 

in one of the four facilities included in the study were included in the initial subject 

database (n=817). ). Job numbers assigned by the HD were used to identify RNs and 

LPNs; Registered Psychiatric Nurses and nurses in administrative positions were not 

included in this investigation. Follow-up of each individual ceased at the end of the 

study period or upon the filing of a BI report.

Individuals were excluded from the study if any of the following occurred:

1. The employee was terminated from a nursing position within the Health 

District. This was done as a result of the fact that it was not possible to 

follow the employee for the duration of the study period.

2. The employee took a leave of greater than one month for any reason. This 

was done as a result of the inability to assess biomechanical demands 

during the entire study period.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58 

3. The employee held a second job for greater than one month. This was 

done as a result of the inability to assess biomechanical demands during 

the entire study period. 

4. The employee changed job title for a period greater than one month. This 

was done as a result of the inability to assess biomechanical demands 

during the entire study period. 

5. The employee changed shift duration for a period of greater than one 

month. This was done as a result of the inability to assign the variable 8 or 

12 hour shift worker. 

6. The employee worked on a non-rotating ward (as identified by an Expert 

Committee of HD OH&S employees, including several RNs). This was 

done due to the inability to account for the differences in health impacts 

(as outlined in the literature review) of working a rotating or non-rotating 

shift. 

7. The employee worked as part-time or casual for a period greater than one 

month. This was done as a result of the inability to assess biomechanical 

demands during the entire study period. 

8. The employee worked in a temporary position. This was done as a result 

of the inability to control for the impacts of increased job insecurity. 

9. The employee sustained a back injury caused by a traumatic event. 

10. The employee sustained a back injury in the first 15 days of the study 

period. This was done as a result of the inability to assign the variables 

URS and LRS because of the short time of exposure. 
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7. The employee worked as part-time or casual for a period greater than one 
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demands during the entire study period.
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of the inability to control for the impacts of increased job insecurity.
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10. The employee sustained a back injury in the first 15 days of the study 

period. This was done as a result of the inability to assign the variables 

URS and LRS because of the short time of exposure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59 

Appendix B has a summary of the number of individuals eliminated for each 

reason listed above. 

In addition, to control for past exposure to predictor variables, the period from 

July 1, 1995 to December 31, 1995 was also examined. Individuals were excluded 

for the following reasons: a) took a leave for the full six months, b) worked part time 

or casual for the full six months, c) held two or more jobs for the full six months, d) 

changed jobs within the six months, e) changed shift duration within the six months, 

f) worked on a non-rotating ward (as identified by an Expert Committee), and g) 

sustained a back injury caused by a traumatic event during the six months. Appendix 

B has a summary of the number of individuals eliminated for each reason outlined 

above. The final subject database consisted of 487 individuals after the exclusion 

criteria were imposed. 

3.2 Outcome Variables 

The outcome or dependent variable in this study was BI report collected from 

HD OH&S employee incident reports databases from 1996 and 1997. This database 

was created from original Employee Report of Incident/Hazard and Confidential 

Investigation forms (Appendix C). All incidents involving an injury to the back (as 

classified by the HD Employee Health Nurse or allied health professional) 

experienced by a RN or LPN in one of the four facilities included in the study was 

considered for inclusion (n=230). As outlined in Chapter 1, any injury involving a 

traumatic event (classified as caused by a fall/slip/trip or struck by an object) was 

excluded from the study (n=3). As a result of follow-up ceasing at time of first BI 

report, repeat BI reports were not included in the analysis (n=36). The injury data 
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were linked to the subject database by employee number resulting in a total of 98 

injuries included in the final subject database. 

The time the incident occurred and the shift worked was also collected from 

the employee incident report and was coded into an hours into shift variable. On 

inspection of the database, 15 injuries were missing the variable time of injury and 

were therefore not included in this analysis. As a result, 83 injuries were included in 

the final injury database for analysis relating to research question two. 

3.3 Predictor Variables 

Predictor variables were collected for all RNs and LPNs included in the study 

group. 

3.3.1 Personal Predictor Variables 

Personal predictor variables were collected from a variety of sources housed 

within the HD Human Resources Department. The primary sources accessed were 

weekly employee reports, weekly payroll data dumps on microfiche, monthly leave 

records for each facility in the study, and individual personnel files. The variables 

collected included employee number, name (only for the purpose of linking to some 

Human Resources information not linked to employee number), date of birth, date of 

hire, and seniority as of January 1, 1996. The job title(s), ward(s), and shift 

duration(s) that each employee worked were collected from July 1, 1995 to December 

31, 1997. 

The HD OH&S employee incident report database was used to collect all 

injuries occurring in RNs and LPNs in 1995 (n=204). These data were linked to the 

subject database and the most recent injury in 1995 (n=77) was used to calculate a 
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months since previous injury variable for inclusion in the final subject database. Six 

injuries were eliminated because they were caused by traumatic events. If no BI 

occurred in 1995, the individual was given a value >12 months for this variable. 

The collection of this information resulted in the following predictor variables 

being added to the analysis (determined at start of study period); age, seniority, 

months employed by health district, and months since last BI. These variables were 

included because they have been linked to BI in previous studies, although with 

conflicting results, as outlined in the literature review. The only variable conclusively 

linked to BI has been previous BI, which this study is attempting to consider by 

including the variable months since previous injury. The variable shift length was 

also added to the subject database, as this variable has not yet been studied in relation 

to BI. 

3.3.2 Biomechanical Predictor Variables 

Biomechanical risk score was determined by use of the Occupational Safety 

and Health Administration checklists (OSHA, 1995) (Appendix A). This tool was 

chosen because it includes biomechanical risk factor assessments for both the upper 

and lower body. In addition, this tool has been used in a previous study and has been 

shown to be both practical in its use and strongly associated with musculoskeletal 

outcomes, especially those involving the lower body (Koehoorn, 1999) and is 

therefore a valid tool for assessing biomechanical risk of a BI. The risk scores 

calculated by use of this tool were used to assess upper and lower body biomechanical 

risk for RNs and LPNs in all unique jobs included in the study (as determined from 

Human Resources information as outlined in section 3.3.1, n=77). 
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A database of upper and lower body biomechanical risk scores was created 

through a combination of direct observation by the principal investigator and use of 

an existing database created on a nursing group in an acute care facility in Vancouver, 

BC (Koehoorn, 1999). This combination of techniques for collection of this data was 

necessary in this study because of the closure of one of the acute care facilities 

included in the investigation. The closure of this facility made it impossible to 

complete direct observation on any of the wards that were within the hospital. In 

addition, the closure of that hospital caused a major restructuring of the remaining 

two acute care hospitals in the HD. Several wards were amalgamated to 

accommodate the changes within the HD acute care system at that time. As a result 

of this process many of the wards that existed during the time frame of this study 

(1996 and 1997) no longer existed within the remaining two acute care facilities at the 

time of data collection. The use of the Vancouver data, therefore, allowed for the use 

of biomechanical risk factors obtained through direct observation of wards in a 

similar facility. The wards and job titles included in the current study were cross-

referenced and matched with those from the Vancouver study for the acute care 

facilities by as Expert Committee of HD OH&S employees, including several 

Registered Nurses. This process ensured that job titles and wards from the Vancouver 

study were properly paired with those from the current study. A total of 28 unique 

jobs were linked to the Vancouver study unique jobs by the Expert Committee. 

Direct observation was completed by the primary investigator on 36 unique 

jobs (those not linked by the Expert Committee in the acute facilities and all wards 

still existing and employing more than two individuals in the study group in the 
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rehabilitation facility). If a ward existed that employed two or fewer individuals in 

the study group or if a ward no longer existed within the facility, the Expert 

Committee linked the ward to the ward which most resembled it where direct 

observation and scoring did occur (n=13). 

Three unique jobs were randomly chosen from the Vancouver linked group 

for observation to check the validity of the transfer of risk scores. Three unique jobs 

from the direct observation group were also randomly chosen and a second direct 

observation was performed to check the consistency of scoring. The primary 

investigator therefore performed a total of 42 observations. The same procedure used 

in the Vancouver study in assessing and scoring biomechanical risks was followed. 

The direct observations were scheduled through the OH&S office of the HD. 

The primary investigator began by sending an information package to each Director 

of Nursing (DON) on the wards where direct observation would occur (Appendix D). 

This package also included a memo to introduce the study to prospective participants 

(Appendix E). The primary investigator, with the safety officer of each facility, made 

a personal visit to the DON of each ward to answer any questions regarding the study. 

The DON specified which nurse(s) was approached and asked to participate in the 

study. Once an appropriate, willing participant was identified scheduling was 

completed through the OH&S office. Each observation subject completed an 

informed consent prior to the start of the observation process (Appendix F). The 

observation process was completed for no less than 4 hours for each unique job 

during a time that was deemed as "typical" by the DON and nursing staff Risk 

factors encountered were tracked on the OSHA checklist. Immediately following 
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each observation, the primary investigator scored the checklist based on the 

observation. 

A final biomechanical risk score database was created with an upper and 

lower body score assigned to each unique job (ward*job title*shift duration) in the 

study. This score was created from the results of the direct observation and those 

linked to other wards by the Expert Committee. In addition, scores were transferred 

from the Vancouver study for unique jobs on which direct observation did not occur. 

A biomechanical risk variable for the upper and lower body was assigned to 

each individual in the study group. The score was an average of all unique jobs held 

within the study period weighted by the number of months in each unique job. If any 

subject was on leave or changed jobs for less than one month during the study period 

the Upper Body Risk Score (URS) and Lower Body Risk Score (LRS) were 

calculated based on the unique job held for the most number of days within that 

month. A previous biomechanical risk score was also assigned based on a weighted 

average of all unique jobs held in the six months prior to the start of the study. If the 

subject was on leave, was not an LPN or RN, had a second job, or was part time or 

casual any time in the six months prior, the URS and LRS were assigned based on a 

weighted average of the months they were not on leave, were an RN or LPN, had only 

one job, or were full time. 

3.4 Summary of Data Collection 

The data collection process resulted in a final database of 487 subjects who 

sustained 98 first time injuries during the study period. The predictor variables for 

the first research question included; age, gender, seniority, months employed, shift 
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duration, months since previous injury, URS, LRS, previous URS, and previous LRS. 

The dichotomous outcome variable was back injury report. The data collection 

process is summarized in Figure 1. 
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Figure 1 

Summary of data collection process 
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3.5 Analysis 

All analyses were conducted using SPSS for Windows Standard Version 

Release 7.5.2 (SPSS Inc., 1997). 

3.5.1 Descriptive Analysis 

Means and standard deviations were calculated for all continuous predictor 

variables for the study group (shift duration, age, gender, seniority, URS, LRS, 

previous URS, previous LRS, months employed by HD, months since previous BI). 

Measures of distribution shape (i.e., skewness and kurtosis) were also calculated. Cell 

frequencies were used to describe the categorical variables (including time into shift 

variable from the injury database). 

A Pearson correlation matrix of all predictor variables was created to check 

for collinearity among the variables. The categorical variables shift duration and 

months since previous injury were excluded from this analysis. Bivariate frequencies 

were used to ensure that these two categorical variables were not confounded with 

any other variable in the model. Variables with a very high (r = + .90) or high 

correlation (r = ± .70) were either combined or one variable was eliminated 

(Tabachnick & Fide11, 2001). 

3.5.2 Validity and Reliability of Biomechanical scores 

URS and LRS were compared for the two groups of duplicate observations to 

assess validity of transfer of the Vancouver score and to check reliability of scoring 

the direct observations. 
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3.5.3 Primary Research Question Analysis 

The data were analyzed using direct multiple logistic regression. Main effect 

predictors and two-way interaction effects were included in the model. Selection of 

predictors was based on theory, univariate analyses, and correlational analyses. The 

final full model included shift duration, age, months employed, URS, LRS, months 

since previous injury and the two interaction variables URS*shift duration and 

LRS*shift duration. The categorical variables shift duration and months since 

previous injury were coded using the indicator contrast method in the SPSS program. 

This method identifies a reference group (highest value) to which the other levels of 

the variable are compared (Cizek & Fitgerald, 1999). 

The significance of the full model was assessed using two goodness of fit 

tests. The deviance of the intercept-only model was compared to the deviance of the 

full model to determine if the set of predictors explained a significant amount of 

variation in the outcome variable (Tabachnick & Fidell, 2001). The difference in the — 

2 log-likelihood statistics for the two models follows a x 2 distribution with degrees of 

freedom equal to the difference in degrees of freedom for the two models (Tabachnick 

& Fidell, 2001). The Hosmer-Lemeshow statistic was used to assess the 

discriminative ability of the model. This statistic evaluated the ability of the logistic 

regression model to categorize subjects into deciles of risk by outcome category 

(Tabachnick & Fidell, 2001). In a model with good predictive ability, the subjects 

with the outcome of 1, in this case BI, should fall into the higher deciles of risk, while 

those with the outcome 0, or no BI, should fall into the lower deciles of risk. With 
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this statistic a non-significant x2 result indicates a good model that is able to 

discriminate outcome by the deciles of risk. The significance level used for both of 

these tests was oc=.05. 

The statistical significance of individual predictors in the model was assessed 

using a Wald statistic, which is obtained from the estimated regression coefficient of a 

predictor and its standard error. The significance of the Wald statistic was assessed at 

oc=0.05 (Tabachnick & Fidell, 2001). The odds ratio was used to describe the 

strength of the association between each predictor variable and the outcome variable. 

The odds ratio is the increase or decrease in odds of experiencing a BI when the value 

of a predictor variable increases by one unit (Davis & Offord, 1997). A positive odds 

ratio means that the odds of sustaining an injury will increase with a one unit increase 

in the predictor, while an odds ratio of less than one means the opposite (Tabachnick 

& Fidell, 2001). 

The individual predictor shift duration was also assessed for significance and 

substantivness of contribution to the overall model by omitting it from the model and 

comparing the — 2 log likelihood of this reduced model with the full model 

(Tabachnick & Fidell, 2001). A x2 test was completed to determine if the difference 

in log likelihoods was significant between the reduced and full model, which if 

significant, would indicate that shift duration significantly enhanced the prediction of 

BI. 
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3.5.4 Secondary Research Question Analysis 

Only the injury data were analyzed for question two. The injury data were 

coded into an hours into shift variable using the time of BI recorded on the employee 

report of incident/hazard form. A x2 test of independence was used to determine if 

the number of injuries were independent of the period of time in the shift. 

(Beaglehole, Bonita & Kjellstrom, 1993). This analysis was performed separately for 

8 and 12-hour shift workers. 

3.6 Ethics Approval 

Ethical approval was obtained through the University of Regina Research 

Ethics committee. Ethical approval was also obtained through the HD Research 

Ethics Committee. As part of obtaining ethical approval from these 2 bodies, approval 

was also received from the Unions representing all participants in this investigation. 

The letter of understanding signed by the Unions involved as well as the synopsis 

article sent out after agreement was received are included in Appendix G. A letter of 

understanding and support were also signed by all HD Departments worked with in 

the process of the investigation prior to data collection (Appendix H). 

Ethical approval was also obtained from the facility in Vancouver where the 

biomechanical risk factor variables were obtained. A memo of agreement between the 

research team conducting the Vancouver study and the research team conducting this 

study was also completed prior to the sharing of the biomechanical score database. 

Confidentiality of subjects was maintained throughout the research project. 

Any data with unique identifiers were kept in a secure location and all data will be 
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shredded at the appropriate time as means of disposal as per University of Regina 

Research Guidelines. All unique identifiers were removed from the data set before 

statistical analysis was completed. 
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Chapter Four: Results 

4.1 Score Transfer Validation and Reliability of Direct Observation 

As outlined in section 3.5.2, the repeated URS and LRS scoring among three 

Vancouver linked wards and three direct observation wards was assessed to ensure 

validity of transfer of the Vancouver score and to check reliability of scoring the 

direct observations. Table 1 outlines the scores compared from the three randomly 

selected Vancouver study scores and those collected on direct observation on wards 

linked by the Expert Committee. Table 2 outlines the scores from the repeated direct 

observations on three randomly selected wards within the HD. As can be seen, the 

URS and LRS are identical in the repeated direct observation group and are a 

maximum of three points difference as compared to the Vancouver study. 

Table 1 

Comparison of Vancouver and current study URS and LRS on three randomly 
selected wards 

Ward One Ward Two Ward Three 

Current Study 
URS 

Vancouver 
URS 

Current Study 
LRS 

Vancouver 
LRS 

1 3 1 

1 3 3 

6 2 11 

5 4 8 
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Table 2 

Comparison of repeated direct observation URS and LRS on three randomly selected 
wards 

Ward One Ward Two Ward Three 

Observation 1 
URS 

Observation 2 
URS 

Observation 1 
LRS 

Observation 2 
LRS 

1 1 1 

1 1 1 

10 6 10 

10 6 10 

4.2 Description of Study Group 

The group of 487 participants was comprised of 470 females and 17 males 

with an average age of 41.9 years (SD= 8.1) at the start of the study period. The 

group had been employed an average of 14.3 years (SD= 6.4) or 171.6 months (SD= 

76.5; median=173) at the start of the study period. Twenty percent (n=98) of the 

group sustained an injury at some point during the study period while the remaining 

389 sustained no BI during the study period. 

4.3 Univariate and Bivariate Analyses of Predictor Variables 

Mean, median, standard deviation, and minimum and maximum scores were 

computed for each predictor variable for each value of the outcome variable (Table 3). 

Extreme values, defined as observations more than 3 standard deviations from the 

mean, were identified and checked for accuracy of input. No entry errors were 

identified and these extreme scores were retained in the analyses. Histograms with 

normal distribution curves for all continuous variables are found in Appendix I. The 

skewed distributions of URS led to the rounding of this variable from two decimal 
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points to whole numbers. Summary statistics post rounding can be found in Table 4. 

Histograms post rounding can be found in Appendix J. 

Table 3 

Summary statistics for continuous variables by outcome variable categories 

Standard 
Mean Median Deviation Minimum Maximum 

Not Injured 42.42 43.0 8.13 25 68 
Age (yrs.) 

Injured 40.05 40.0 7.84 26 58 

Seniority Not Injured 24256.75 24034.37 10244.05 2847.33 54453.03 
(hrs.) 

Injured 20394.60 18245.22 10298.21 4848.66 58488.50 

Months Not Injured 177.55 178.0 76.73 21.0 436.0 
employed Injured 148.2 148.5 71.3 38.0 348.0 

(mo.) 
URS Not Injured 2.54 3.0 1.07 1.0 4.0 

Injured 2.63 3.0 .93 1.0 4.0 

LRS Not Injured 7.15 7.0 3.81 0 15.0 

Injured 7.73 7.0 2.69 1.0 15.0 

Note. Not injured n=389, injured n=98 

Table 4 

Summary statistics for URS and after rounding by outcome variable categories 

Standard 
Mean Median Deviation Minimum Maximum 

URS Not Injured 2.54 3.0 1.08 1.0 4.0 

Injured 2.62 3.0 .94 1.0 4.0 

Note. Not injured n=389, injured n=98 

Frequency distributions were generated for the categorical variables of gender, 

shift duration, and months since previous injury. Low frequencies in several cells led 

to the collapsing of months since previous injury from 13 categories into 2. A 

complete listing of cell frequencies pre and post combining categories is included in 
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Appendix K. 

4.4 Primary Research Questions Analysis 

Six predictor variables were included in the logistic model: shift duration, age, 

months employed, upper body risk score (URS), lower body risk score (LRS), and 

months since previous injury. Due to the small number of males, gender was excluded 

as a predictor variable in the regression analyses. To ensure that males in the group 

did not have an effect on the logistic model, the multiple logistic regression was 

completed both with and without the males. No change in any the results occurred 

and the males were therefore retained. The interaction terms shift duration*URS and 

shift duration*LRS were also included to test for interaction effects. These 

interaction terms were included because, considering the literature outlining fatigue 

and injury, there is reason to believe that the relation between shift duration and BI 

could be dependent on URS and LRS. The categorical variables shift duration and 

months since previous injury were coded using the indicator contrast method in the 

SPSS program. 

4.4.1 Predictor Variable Correlations 

Pearson correlations were computed for all continuous predictor variables. 

The correlation matrix can be found in Appendix L. Two sets of variables were very 

highly correlated (r > ±.90). Average URS and Average Previous URS were very 

highly positively correlated (r = .979); Average LRS and Average Previous LRS were 

also very highly positively correlated (r = .978). The rationale for including Previous 

URS and LRS was to ensure that past exposure to biomechanical risk was accounted 

for in the regression model. Given that Average URS was so highly correlated with 
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Previous URS and Average LRS was so highly correlated with Previous LRS, the 

Previous URS and LRS measures were excluded from the regression models. Also 

highly correlated (r > ±.70) were the variables seniority and months employed (r = 

.774). Given this finding, seniority was removed from the analysis. All other 

correlations were below levels where collinearity would become an issue in the model 

(r <±.70) (Tabachnick & Fidell, 2001). 

4.4.2 Model Diagnostics and Goodness of Fit 

Several diagnostic analyses were performed prior to interpretation of the final 

model to assess the impact of extreme scores. Subjects with standardized residuals of 

greater than 3 were eliminated from the model and the analysis was re-run. These 

subject eliminations resulted in the variable months employed becoming significant 

(OR=.995, (.990-.991), p=.016), however no other predictor variable trends or 

significances were affected. In analyzing the excluded variables it was determined 

that there was no justification for exclusion from the model and the subjects with high 

standardized residuals were therefore left in the final model. 

Goodness-of-fit of the final model was assessed by comparing the —2 log 

likelihood of the intercept-only model and the full model. Results of this analysis 

were found to be significant (x2= 48.0, df= 8, p< .0001) indicating that this 

combination of independent variables improved prediction of the dependent variable 

when compared to the constant only model. 

The Hosmer-Lemeshow statistic was used to assess the discriminative power 

of the model. The result was not significant, (x2= 13.5, df= 8, p= .0944) indicating 
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the logistic model had good discriminatory capabilities. However, prediction success 

of the model was 82.5%. This is only a slight improvement over the predictive power 

if all subjects were predicted to fall in the most frequent category (not injured), which 

would result in a prediction success rate of 79.8%. The model therefore, improved 

prediction by 2.7%. 

4.4.3 Tests of Individual Predictors 

The variables in the equation, outlined in Table 5, show that the only 

statistically significant predictor was months since previous injury. Nonsignificant 

coefficients were produced for shift duration, age, months employed, URS, LRS, and 

the 2 interaction terms included in the model. 

The 95% confidence interval for shift duration is very large, suggesting that 

there may be potential confounding with other variables in the model. In fact, when 

the interaction terms shift duration *LRS and shift duration *URS are excluded from 

the model; the confidence interval is narrowed (1.08-3.67). It was decided that these 

variables should be retained, despite their effect on the confidence interval, due to the 

theoretical importance of the interaction of shift duration and biomechanical demands 

in creating fatigue and increasing the risk of back injury. To further analyze this large 

confidence interval, the variable shift duration was entered into a logistic regression 

model on its own. The results of this analysis showed that in a model with shift 

duration only, the standard error was decreased (.244) and the confidence interval was 

narrowed (1.2-3.2). This supports the postulation that confounding caused the large 

standard error and confidence interval. 
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Table 5 

Results for the multiple logistic regression predictor variables 

Variable B S.E. Wald df Significance R Odds Ratio 95% CI 
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Shift Duration 1.3166 .9941 1.7541 1 .1854 .0000 3.7307 .5316 - 26.1791 

Age -0.0136 .0177 .5924 1 .4415 .0000 .9865 .9528 - 1.0213 
Months Employed -0.0030 .0020 2.2006 1 .1380 -.0203 .9970 .9932 - 1.0010 
Upper Body Risk Score 
(URS) 

0.1297 .1497 .7513 1 .3861 .0000 1.1385 .8491 - 1.5267 

Lower Body Risk Score 
(LRS) 

0.0336 .0454 .5462 1 .4599 .0000 1.0341 .9460 - 1.1305 

Months Since Previous Injury 1.3397 .2783 23.1775 1 .0000* .2081 3.8181 2.2129 - 6.5875 
Shift Duration *URS 0.2702 .2960 .8330 1 .3614 .0000 1.3102 .7334 - 2.3404 

Shift Duration*LRS -0.1365 .0826 2.7300 1 .0985 -.0386 .8724 .7419 - 1.0258 
Constant -1.3551 .8843 2.3480 1 .1254 
* denotes significance (p <.05) 
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Further analysis was completed to determine the specific impact of the 

variable shift duration. The difference in the estimates of model fit using —2 log 

likelihood of the models with and without shift duration was 1.707 (441.036 - 

442.743). Chi Squared analysis of the deviance was not significant (X2= 1 . 7 07 , df=1, 

p=3.84) showing that there was no significant enhancement of prediction of injury by 

shift duration. 

The statistically significant variable of months since previous injury showed 

that those injured within the 12 months prior to the start of the study were 3.8 times 

more likely to report a BI when compared with those not reporting a BI in that time 

period. 

4.5 Secondary Research Question Analysis 

4.5.1 Injury Database Distributions 

The injury database (n=98) was coded into a time into shift variable utilizing 

data collected on time of injury and shift worked for the purposes of analysis relating 

to research question two. Fifteen of the injuries in the database were missing the 

variable time of injury and were therefore not included in the analysis. The remaining 

83 injuries were combined into two hour segments from categories representing each 

hour to keep expected cell frequencies above 5 (Delucchi, 1993). The result was four 

categories for eight hour workers and six categories for 12 hour workers. A complete 

listing of cell frequencies pre and post collapse can be found in Appendix M. 

4.5.2 Time into Shift Analysis 

Chi squared analysis was performed on the injury database for both 8 and 12 
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hour shift workers. Both 8 (x2=2.419, df=3, p=.490) and 12 (x2=9.385, df=5, p=.095) 

hour analysis resulted in no significant difference between number of injuries in any 

time segment of a shift. Although no significant finding resulted from analysis of the 

data, in viewing the graphs below, it is interesting to note that the peak in injuries 

occurred among 12 hour workers during the second two hours of the shift, while eight 

hour shift workers had a peak in injuries during the third two hour segment. 

Figure 2 

Injury data for 12 hour shift workers in relation to time into shift variable 
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Figure 3 

Injury data for 8 hour shift workers in relation to time into shift variable 
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Chapter Five: Discussion 

5.1 Description of Findings 

As more investigators examine the link between personal, psychosocial and 

biomechanical factors and risk of OBI, it is becoming apparent that the relationship 

between these factors and OBI are not simple or straight forward. The question, 

"What causes OBI?" has a complex, multifactoral answer. Investigators have 

attempted to determine the cause(s) of OBI for the past four decades. Progress has 

been made which clearly indicates that past history of BI increases one's risk of future 

injury (Kerr et al., 2001). Psychosocial factors have been studied in detail over the 

past decade and their relationship to OBI has become more clear as has the 

relationship between psychosocial and biomechanical factors in the workplace (Kerr 

et al., 2001). 

One of the most recent, comprehensive studies of OBI risks found that higher 

measures of poor workplace social environment and higher education relative to 

others in similar jobs were related to increased odds of BI (Kerr et al., 2001). Some 

investigators have concluded that evidence exists linking psychosocial factors to 

increased incidence of BI, but that the effect size is small (Carter & Birrell, 2000). 

Others have postulated that for jobs with low physical intensity, psychosocial factors 

play a larger role in BI, and that this role lessens and is replaced by biomechanical 

factors as physical intensity of work increases (Marras, 2000). Biomechanical factors 

that have been conclusively linked to OBI include heavy lifting, frequent bending and 

twisting, and awkward postures (NIOSH, 1997), as well as spinal loading and shear 
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force (Kerr et al., 2001). An additional risk for nurses, the study group in this 

investigation, is patient lifting (Engvist et al., 2000). 

The mechanisms of musculoskeletal injury need to be considered when 

analyzing BI biomechanical risks for all occupational groups, including nurses. 

While magnitude of load that tissues are exposed to is important, it is also vital to 

consider the frequency, timing and duration of the application of load. This concept 

can be applied to the organization of the work of nurses, specifically, the duration of 

their working shifts. 

Shift work has been investigated in relation to its impact on health and ways 

in which to minimize detrimental outcomes on shift working employees (Costa, 

1997). While studies have been completed regarding shift duration and job 

satisfaction, work performance, physical effort on the job, accidents, moonlighting, 

health, sleepiness, quality of care, and fatigue, no studies on BI rates have been 

completed in relation to shift duration. Results of previous investigations have shown 

increased fatigue and decreased performance as duration of shift increases (Smith et 

al., 1998). In addition, the information known regarding the mechanisms of 

musculoskeletal injury and the influence of tissue fatigue with increased frequency 

and duration of exposure to physical load (McGill, 1997), leaves the relationship 

between shift duration and BI one in need of exploration. 

The current investigation was a retrospective follow-up study of BI reports in 

a group of nursing personnel employed in a primarily urban HD from 1996 and 1997. 

The primary purpose of the present study was to determine if a difference in BI 

incidence existed between nurses working eight and 12 hour shifts while controlling 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

83

force (Kerr et a l, 2001). An additional risk for nurses, the study group in this 

investigation, is patient lifting (Engvist et al., 2000).

The mechanisms of musculoskeletal injury need to be considered when 

analyzing BI biomechanical risks for all occupational groups, including nurses.

While magnitude of load that tissues are exposed to is important, it is also vital to 

consider the frequency, timing and duration of the application of load. This concept 

can be applied to the organization of the work of nurses, specifically, the duration of 

their working shifts.

Shift work has been investigated in relation to its impact on health and ways 

in which to minimize detrimental outcomes on shift working employees (Costa,

1997). While studies have been completed regarding shift duration and job 

satisfaction, work performance, physical effort on the job, accidents, moonlighting, 

health, sleepiness, quality of care, and fatigue, no studies on BI rates have been 

completed in relation to shift duration. Results of previous investigations have shown 

increased fatigue and decreased performance as duration of shift increases (Smith et 

al., 1998). In addition, the information known regarding the mechanisms of 

musculoskeletal injury and the influence of tissue fatigue with increased frequency 

and duration of exposure to physical load (McGill, 1997), leaves the relationship 

between shift duration and BI one in need of exploration.

The current investigation was a retrospective follow-up study of BI reports in 

a group of nursing personnel employed in a primarily urban HD from 1996 and 1997. 

The primary purpose of the present study was to determine if a difference in BI 

incidence existed between nurses working eight and 12 hour shifts while controlling

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



84 

for other factors related to risk of BI. The secondary purpose was to examine 

temporal factors in relation to BI occurrence, and determine if a difference in time of 

BI occurrence existed between eight and 12 hour shift workers. 

Participants consisted of 487 RNs and LPNs who were followed over a two-

year period. During this time period, 98 individuals reported a BI. Subsequent BIs 

were not included as part of the outcome variable. The incidence of BI was therefore 

20% in this population, which is similar to other reports of BI incidence in a nursing 

group (Engels et al., 1994; Josephson et al., 1997; Kumar, 1990). The primary 

research hypothesis was analyzed by use of multiple logistic regression. The 

secondary research hypothesis, using the injury database, was analyzed by use of a x2

test of independence. This analysis determined if the number of injuries were 

independent of the period of time in the shift. This was completed for both 8 and 12 

hour shift workers. 

5.2 Primary Research Question Summary and Conclusions 

The predictor variables for the primary research question included shift 

duration, age, months employed, months since previous injury, URS, LRS and two 

interaction terms. The dichotomous outcome variable was back injury report. 

Goodness-of-fit of the final model was assessed by use of a x 2 test and the Hosmer-

Lemeshow statistic. The x 2 test was significant, indicating that this combination of 

predictor variables improved prediction of the dependent variable when compared to 

the constant only model. The Hosmer-Lemeshow statistic results were not significant 

indicating the logistic model had good discriminatory capabilities. Prediction success 
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of the model was 82.5%, which is only a slight improvement over the predictive 

power if all subjects were predicted to fall in the most frequent category (not injured), 

which would result in a prediction success rate of 79.8%. The model therefore, 

improved prediction by only 2.7%. The tests of individual predictors found 

nonsignificant coefficients for shift duration, age, months employed, URS, LRS and 

the 2 interaction terms included in the model. The predictor variable months since 

previous injury was significant. 

5.2.1 Age 

The individual predictor age (OR=.98, (.95-1.0), p=.44) was not significant in 

the final model. The trend of this variable, with average age of those injured being 40 

and those not injured being 42, indicates that younger workers had a higher risk of BI 

than older workers. It is difficult to compare this result to the literature because of 

inconsistent findings in previous literature. Burdorf & Sorock (1997), in a review of 

the literature, noted that a positive association between age and BI occurs in more 

severe, chronic BI cases, whereas isolated BI episodes were either not related or 

negatively related to age. This postulation would fit with the results of the present 

study, as only first time BI reports were included in this investigation. In addition, 

Marras (2000) reported that gender and age appear to interact in determining BI rates. 

The greatest prevalence and incidence of BI occurs for women between 50 and 60 

years of age, whereas it peaks for men at age 40 (Mamas, 2000). Given that the 

population in this study was almost exclusively female (97%), it could be reasoned 

that a positive association between age and BI should have been seen. The fact that 

the relationship was not significant, and that trends indicated the opposite, could be 
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explained by the confounding effects of time in the nursing profession. Although age 

and months employed were not highly correlated in this study (1—.533) it is possible 

that the inclusion of both of these variables in the final model could have negated a 

significant outcome. Another possibility is that the effects of age in regards to 

increased BI risk are negated by the improvements in skill that occur as one gains 

additional experience in the profession (Gagnon et al., 1996; McAbee, 1988). The 

interaction of these variables may mean that a clear relationship between age and BI 

will always be difficult to discern. 

5.2.2 Months Employed 

The variable months employed (OR=.99, (.99-1.0), p=0.14) was also found to 

be not significant in the final logistic regression model. The trend of this variable, 

with the average number of months employed for those injured being 148 and those 

not injured being 177, indicates that those employed a shorter period of time would 

have an increased risk. This trend is consistent with findings in other studies in 

nursing populations (Garrett et al., 1992; Koehoorn, 1999). As mentioned above, 

skill and technique improvements, resulting in mechanical efficiencies and potential 

decreased load on the body, may explain this result (Gagnon et al., 1996; McAbee, 

1998). In contrast, however, some studies have found that when biomechanical load 

and time exposed are considered together, the cumulative load is related to increased 

BI rates (Kumar, 1990). This result possibly was not evident in this investigation 

because the biomechanical variables included only represented 1996 and 1997 

exposures (i.e. exposures during the study period). Although the variables previous 

URS and previous LRS were collected for six months prior to the start of the study 
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period, they were not included in the final analysis due to high correlations with URS 

and LRS. The fact that this cumulative exposure was not included in the analysis 

may explain the lack of significance of the variable months employed in this 

investigation. 

5.2.3 URS and LRS 

The variables URS (OR=1.13, (.85-1.5), p=0.39) and LRS (OR=1.03, (.95-

1.13), p=0.46) were not significant in the final model. The trends of these variables 

did follow expected results, showing that as URS and LRS increased, so did risk of 

BI. The lack of significance for URS is likely due to the fact that BI most commonly 

occurs in the lower back (Frank et al., 1996). Although the area of the injury was not 

part of the analysis in this study, it may be postulated that most of the BI reported 

were injuries in the lower part of the spine. 

The lack of significance for LRS, however, is not consistent with previous 

findings. Koehoorn (1999) found lower body biomechanical risk score, collected 

using the same tool and method, was strongly linked to an increased risk of lower 

body musculoskeletal symptoms and claims among hospital employees. This 

variance of results could have several causes. First, the populations studied were 

similar but not identical. Koehoorn's study included all hospital employees 

(excluding physicians, students, and off-site workers). This investigation included 

only nursing personnel (RNs and LPNs). The biomechanical risk scores gathered on 

nurses in this study may not have been sensitive enough to differentiate risk between 

this more homogeneous study group. Second, the transfer of scores from Koehorrn 

(1999) to this population, in addition to the changes that occurred in the HD involved 
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in the study between collection of BI data and performance of the direct observations 

of each unique job may have compromised the validity of the upper and lower body 

scores. Although every effort was made to ensure consistency of scoring and validity 

of transfer, these scores did not represent the risks encountered by individuals in the 

study HD during 1996 and 1997 as accurately as direct observations taking place 

during that time frame. 

The assessment tool utilized in the collection of URS and LRS, although 

comprehensive in its inclusion of multiple risk factors associated with BI, was not as 

accurate in ascertaining load on the spine as direct measures. Past studies, such as the 

Boeing study, that have used indirect measures of biomechanical stress have also 

shown them to be non-significant in their relationship to discerning risk of BI (Bigos, 

Battie, Spengler et al., 1992). Although the present study was more extensive in 

attaining biomechanical risk scores than the Boeing study, it none the less was not as 

complex in its collection of this information as other studies that have shown links 

between biomechanical stress and BI (Kerr et al., 2001). 

The assessment tool utilized to calculate LRS did not track directly the 

number of patient/resident transfers taking place during the course of a given work 

shift. The scoring, kept consistent with the method used for scoring in Koehoorn 

(1999) from which URS and LRS were linked, accounted and scored only the most 

difficult or stressful transfer that occurred during a given shift on a completely 

dependent patient/resident. The score increased by one point if 12 or more transfers 

were completed in a shift but no more specific tracking of number of transfers was 

included in this tool. Given the strong link seen in other studies between number of 
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patient transfers per shift and risk of BI (Engkvist et al., 2000), the lack of specificity 

of the tool used in this study in relation to transfers per shift may have contributed to 

LRS and URS not being significant in relation to risk of BI. 

5.2.4 Months Since Previous Injury 

The variable months since previous injury (OR=3.8 (2.2-6.6), p=.0000) was 

the only significant variable in the final model. This is quite consistent with other 

studies in nursing populations that have shown previous BI to be a consistent 

predictor of future BI (Fuortes, Shi, Zhang, Zwerling, & Schootman, 1994; Harber et 

al., 1994; Koehoorn, 1999; Lagerstrom, Hansson et al., 1998; McAbee, 1988; 

Smedley, Egger, Cooper & Coggon, 1997; Yenning, Walter & Stitt, 1987). It is 

interesting to note that this investigation did not gather information on BI prior to one 

year before the start of the study period. The reason for this lack of data prior to 1995 

was accessibility and format of the injury records prior to this time. The variable 

months since previous injury, therefore, only accounted for injuries within the 12 

months before the study began, and not prior to that. The implications of this are that 

it may be equally important to discern the timing of the injury as the history over the 

longer term. It is possible that if history of BI was collected prior to 1995, months 

since previous injury would have been an even stronger predictor of BI. The fact that 

it still resulted in a significant association may indicate that a recent BI is more 

important than simply if a BI has occurred previously. If this is the case, this may 

have implications in secondary prevention, with efforts being targeted to prevention 

in the first year post injury. This result is consistent with the Koehoorn study (1999) 

that found months since previous injury to be a significant predictor of 
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musculoskeletal injury reports and claims. 

5.2.5 Shift Duration 

Shift duration was the variable of interest in this investigation and was not a 

significant contributor to determining BI risk (OR=3.7, (0.5-26.2), p=.19). This 

meant a rejection of the hypothesis for the primary research question in this 

investigation. However, the trend of this result showed eight hour shift workers to be 

at 3.7 times increased risk of BI when compared to 12 hour shift workers. With no 

literature to compare this finding to, it is more challenging to postulate reasons as to 

why this may be the case. The first potential reason why the variable shift duration 

was not significant in this investigation in predicting the odds of BI may be due to the 

fact that shift duration does not have a role in predicting BI. Further study accounting 

for some of the limitations in this study will need to be conducted to determine if this 

may, in fact, be the case. 

Although no relationship may exist between shift duration and BI, it is 

important to note that there are several reasons why this study may not have found a 

relationship even if one did exist. The first potential contributor to the non-

significance may have been the lack of sensitivity of the independent variables URS, 

and more importantly given its stronger link to lower body musculoskeletal outcomes 

in Koehoorn (1999), LRS. The purpose of inclusion of the biomechanical variables 

into this study was to level the playing field for nurses on a variety of wards 

throughout the HD studied. The intent was to account for differences in 

biomechanical stressors from various wards, especially given the fact that most of the 

eight hour shift workers included in the study population were employed in a 
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eight hour shift workers included in the study population were employed in a
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rehabilitation hospital with a larger percentage of totally dependent patients. This is 

contrasted with the acute care facility where most of the 12 hour shift workers 

included in the study were employed. The potential lack of sensitivity of shift 

duration in discerning risk in this population, which was more homogeneous than the 

Koehoorn (1999) study from which the ability of the tool to discern musculoskeletal 

risk was determined, may have meant that the difference in biomechanical stress was 

in fact not accounted for completely in this investigation. Further, the fact that the 

Koehoorn study (1999) assessed musculoskeletal injuries, and not BI specifically, 

leave the possibility that the biomechanical risk assessment tool is not able to discern 

biomechanical risk of BI. The fact that the deletion of the variables URS and LRS 

narrowed the confidence interval for shift duration (see section 4.3.3) also points to 

the potential effects these two variables have on shift duration. 

Additional issues that may have influenced the lack of significance of shift 

duration include the timing of the physical work in a nursing shift. It was noted 

during the job shadowing and scoring of the OSHA checklists that the bulk of the 

physically demanding work of a nursing shift on rehabilitation and medical wards 

takes place in the first four hours of the shift. Given this workload distribution, the 12 

hour shift workers could in fact be at decreased risk of BI due to the fewer number of 

shifts in a row before days off are given. Eight hour shift workers will sometimes 

work upwards of six shifts in a row before a rest day is scheduled. This would mean 

6 days of the more physically intense four hours occurring in sequence. The 12 hour 

shift workers, while having a longer shift, only have two or three of the more intense 

four hour segments in sequence before a rest day occurs. No variable to include 
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timing of physical work was collected or included in this investigation and this issue 

does not appear to have been investigated in a nursing population. 

Work pacing may also have impacted the present findings. Not only was this 

noted in the course of the observations, but it was also verbally communicated by 

several nurses shadowed in the investigation. The primary comment was that nurses, 

knowing they have to work 12 hours, pace themselves where possible throughout the 

shift to ensure they are not overly fatigued by the end of the shift. Work pacing 

would appear to tie back to quality of patient care which has been investigated in 

relation to shift duration. Some studies have found that quality of care does not 

change with a change from eight to 12 hour shifts (Mills et al., 1983). However, other 

studies have found the opposite to be true, with quality of care decreasing with the 

implementation of 12 hour shifts (Todd, Reid & Robinson, 1989). Reid, Robinson, 

and Todd (1993) showed a decrease in direct patient care by nurses with a 12 hour 

shift system, while non-direct patient care increased. This is consistent with the 

informal observations during this study. It has been reported that the drop in quality 

of care was especially evident in the last three hours of the 12 hour shift suggesting a 

possible pacing effect by nurses working these longer hours (Reid et al., 1993). A 

critique of studies on shift length completed by Bernreuter and Sullivan (1995) stated 

that the best designed investigations showed that quality of care was higher on eight 

hour shifts as compared to 12. This pacing effect could explain why no significant 

difference in BI risk was found between eight and 12 hour shift workers in this 

investigation. 

Another potential reason shift duration was found to be non-significant was 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

92

timing of physical work was collected or included in this investigation and this issue 

does not appear to have been investigated in a nursing population.

Work pacing may also have impacted the present findings. Not only was this 

noted in the course of the observations, but it was also verbally communicated by 

several nurses shadowed in the investigation. The primary comment was that nurses, 

knowing they have to work 12 hours, pace themselves where possible throughout the 

shift to ensure they are not overly fatigued by the end of the shift. Work pacing 

would appear to tie back to quality of patient care which has been investigated in 

relation to shift duration. Some studies have found that quality of care does not 

change with a change from eight to 12 hour shifts (Mills et al., 1983). However, other 

studies have found the opposite to be true, with quality of care decreasing with the 

implementation of 12 hour shifts (Todd, Reid & Robinson, 1989). Reid, Robinson, 

and Todd (1993) showed a decrease in direct patient care by nurses with a 12 hour 

shift system, while non-direct patient care increased. This is consistent with the 

informal observations during this study. It has been reported that the drop in quality 

of care was especially evident in the last three hours of the 12 hour shift suggesting a 

possible pacing effect by nurses working these longer hours (Reid et al., 1993). A 

critique of studies on shift length completed by Bemreuter and Sullivan (1995) stated 

that the best designed investigations showed that quality of care was higher on eight 

hour shifts as compared to 12. This pacing effect could explain why no significant 

difference in BI risk was found between eight and 12 hour shift workers in this 

investigation.

Another potential reason shift duration was found to be non-significant was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



93 

the number of unique jobs included in this study (n=77) and the variance in work 

conditions among them. It may be that risk of BI needs to be investigated 

independently for different wards and different jobs within a rehabilitation or acute 

care facility. The variance of biomechanical demands among the wards in this study 

was great as was the observed timing of physical work. An example of this would be 

a comparison of an operating room nurse to a nurse working on a medical ward. The 

operating room nurse has a far more consistent pace of physical work throughout the 

shift as compared to a medical ward nurse whose physical work is performed mainly 

in the first 4 hours of the shift (i.e. dressing, performing personal care, and potentially 

transferring patients). This difference in workload distribution means that a nurse 

working in the operating room would likely be more susceptible to tissue fatigue and 

increased risk of BI than the medical ward nurse. The fact that this investigation 

attempted to discern a consistent pattern of risk among various nursing wards may 

have meant that effects that would have been seen had analysis occurred at a ward 

level were missed. 

5.2.6 Full Model 

In summary, the results of the analysis relating to the primary research 

question did yield a model that had statistically significant predictive power. 

Although all independent variables were not significant in their individual 

contributions, the combination of these variables was significant in predicting BI 

when compared to an intercept-only model. In addition, although many of the 

independent variables included were not individually significant, the trends reported 

in all but the variable shift duration were consistent with the findings in related 
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literature. The fact that the model did not result in greater prediction success of BI 

may be due to the fact that BI is multifactoral in its occurrence and that it is difficult 

to assess one aspect of it without considering the broader scope of variables related to 

it. In this investigation, the lack of inclusion of psychosocial variables may have been 

the reason why a stronger predictive model was not found. 

5.3 Secondary Research Question Summary and Conclusions 

The results of the analysis relating to the secondary research question in this 

investigation were not significant. There was no significant relationship between 

temporal factors and BI in eight or 12 hour shift workers. However, trends did show 

a peak in injury among 12 hour workers during the second two hours of the shift, 

while eight hour shift workers peaked during the third two hour segment. These 

trends differ from a study published by Yassi and colleagues (1995). This 

investigation showed a higher occurrence of injury in the first four hours of an eight 

hour shift, and the third to sixth hours of a 12 hour shift (Yassi et al., 1995). This 

difference may be due to study design, or the fact that the investigation by Yassi and 

colleagues took place exclusively in a tertiary care hospital where physical work 

demands and physical work load distribution may have varied from the facilities 

included in this investigation. The trends noted in this analysis, although not 

statistically significant, may be due to the workload distribution of the wards on 12 

hour shift being focused primarily in the first four hours. The trend may also indicate 

the pacing mentioned earlier in regard to the 12 hour shift injury distribution. The 

timing of the peak among the eight hour shift workers may be due to the fact that 

most of the eight hour shift workers in this investigation were employed in a 

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 

9 4

literature. The fact that the model did not result in greater prediction success of BI 

may be due to the fact that BI is multifactoral in its occurrence and that it is difficult 

to assess one aspect of it without considering the broader scope of variables related to 

it. In this investigation, the lack of inclusion of psychosocial variables may have been 

the reason why a stronger predictive model was not found.

5.3 Secondary Research Question Summary and Conclusions

The results of the analysis relating to the secondary research question in this 

investigation were not significant. There was no significant relationship between 

temporal factors and BI in eight or 12 hour shift workers. However, trends did show 

a peak in injury among 12 hour workers during the second two hours of the shift, 

while eight hour shift workers peaked during the third two hour segment. These 

trends differ from a study published by Yassi and colleagues (1995). This 

investigation showed a higher occurrence of injury in the first four hours of an eight 

hour shift, and the third to sixth hours of a 12 hour shift (Yassi et al., 1995). This 

difference may be due to study design, or the fact that the investigation by Yassi and 

colleagues took place exclusively in a tertiary care hospital where physical work 

demands and physical work load distribution may have varied from the facilities 

included in this investigation. The trends noted in this analysis, although not 

statistically significant, may be due to the workload distribution of the wards on 12 

hour shift being focused primarily in the first four hours. The trend may also indicate 

the pacing mentioned earlier in regard to the 12 hour shift injury distribution. The 

timing of the peak among the eight hour shift workers may be due to the fact that 

most of the eight hour shift workers in this investigation were employed in a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



95 

rehabilitation hospital. Given the peak closer to the end of the eight hour shift, the 

workload of these individuals may mean they are more affected by fatigue, and 

therefore experience injury later on in the shift as compared to the 12 hour workers. 

5.4 Recommendations 

Given the known cost of BI to society and to the individual, and the fact that 

the nursing profession has a one of the highest rates of BI when compared to other 

professions (Feinstein Donshin, & Floman, 1988; Guo, Tanaka, Halperin, & 

Cameron, 1999; Harber et al., 1985; Magora, 1972; Stubbs, Buckle, Hudson, Rivers 

& Worringham, 1983), it is vital that the issue of BI in this population be studied 

further. Occupational lifetime prevalence among nurses has been reported as high as 

81% (Videman et al., 1984) with point prevalence from 18% to 41% (Engels et al., 

1994, Josephson, Lagerstrom, Hagberg & Hj elm, 1997, Kumar, 1990). The issue of 

shift duration of nurses in relation to BI is one that has not been studied prior to the 

present study and warrants further investigation. 

More specifically, future analysis in the following areas appears warranted: 

1. Future research should be conducted with the inclusion of psychosocial 

variables. The mounting evidence linking psychosocial factors with OBI incidence, 

even when biomechanical factors are included in the analysis, means these factors 

must not be overlooked when assessing the impact of any variable on BI (Kerr et al., 

2001). This is especially important given recent data from the national population 

health survey (Sullivan, Kerr & Ibrahim, 1999). When contrasted with comparable 

non health care employees, nurses had higher levels of psychological demand, lower 

levels of decision authority, higher levels of physical demand, heavier work, and 
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lower levels of job satisfaction (Sullivan et al., 1999). Nurses also had the highest 

stress levels, the highest psychological demands of work, and highest job insecurity 

when compared to others employed in the medical field (Sullivan et al., 1999). In 

addition, a difference in these factors may exist between nurses working varying shift 

durations, which may also impact on the incidence of BI. 

2. Future investigations should be conducted on specific wards to control for 

differences in the nature and distribution of work. If ward specific study is not 

possible, workload distribution in a shift should be analyzed as part of a study on shift 

duration. 

3. Investigation into the effects of shift duration on BI should also be 

completed using more specific information about biomechanical risk factors. Where 

possible, direct measurement of peak spinal loading and cumulative lumbar disc 

compression should be completed to control for biomechanical factors in relation to 

BI. Where this is not feasible, frequency of patient/resident transfers should be 

included in the analysis to more clearly discern difference in biomechanical risk 

among nurses in different unique jobs. 

4. The definition of BI needs to be more clearly defined for all investigators 

working to determine factors related to increased risk. Non-specific BI is a common 

health problem with several definitions. The fact that there has been an inconsistency 

among studies as to the causes could be because the association between factors and 

outcome is true but weak, or more likely, that the vague term, non-specific BI, 

actually conceals a multitude of conditions with varying etiologies (Ozguler et al. 

2000). Ozguler and colleagues (2000) found that prevalence of BI varied from 8% to 
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45% depending on the definition used to define it. To ensure consistency in 

investigation, and to allow investigators the ability to replicate and add to research 

conducted in this field, a clear definition of all terms related to back pain and injury 

needs to be developed. 

In conclusion, it is felt that this study is a first step examining an issue that has 

not been investigated previously. The results will allow for investigators to consider 

a variety of factors in attempting to analyze the relationship that exists between shift 

duration and risk of BI among nurses. 
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Appendix A: OSHA Upper and Lower Body Risk Factor Checklists 

Upper Extremity Risk Factors - A 
Date: Task (Est Time, Risk Factor Est Time/Risk Factor 
Job: Hours) (Hours) 

Department: 

Employee: 

Analyst: 

Comments: 

Upper Extremity Risk Factors Scores Page 1 

A B C D E F 
TIME SCORE 

RISK FACTOR 
CATEGORY 

RISK FACTOR 
Is the risk 

factor 
present 

2 to 4 
hours 

4 to 8 
hours 

8+ hours 
add 0.5 
per hour Comments 

Repetition 
(Finger, Wrist, 
Elbow Shoulder 
or Neck Motions 

1. Similar Motions Performed Every Few Seconds 

Motions or motion patterns that are repeated every 15 seconds or less; 
includes steady pace , as in data entry 

1 3 

Hand Force 
(Repetitive or 

Static) 

1. Grip More Than 10 Pound Load 

Grip 
Palm Q \

Holding an object weighing more than 
10Vrounds or squeezing hard with hand 
such as gripping and lifting a 10 pound bag of sugar 

1 3 

2. Pinch More Than 2 Pounds 
Rath S'S k„i

Pinch force of 2+ pounds as in the pinch used Grip 
To open small binder clip with the tips of 
Fingers 

2 3 

3. Fingers 

Low force prolonged grip such as click & drag tasks with a computer 
mouse, deboning with a knife, or handling items at a grocery checkout. 
Do not count with power or pinch grips. 

1 2 
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Appendix A: OSHA Upper and Lower Body Risk Factor Checklists

Upper Extremity Risk Factors - A
Date:
Job:

Task (Est Time, 
Hours)

Risk Factor Est Time/Risk Factor 
(Hours)

Department:
Employee:
Analyst:
Comments:

Upper Extremity Risk Factors Scores Page 1
A B

Is the risk 
factor 

present

C | D | E F

RISK FACTOR 
CATEGORY

RISK FACTOR
TIME SCORE

2to4
hours

4 to 8 
hours

8+hours 
add 0.5 
per hour Comments

1 1
Repetition 

(Finger, Wrist, 
Elbow Shoulder 
or Neck Motions

1. Similar Motions Performed Every Few Seconds

Motions or motion patterns that are repeated every 15 seconds or less; 
includes steatfy pace, as in data entry

1 3

1 1
Hand Force 

(Repetitive or 
Static)

1. Grip More Than 10 Pound Load few er

Grip J 7 V 1
Holding an object weighing more than \
10\pounds or squeezing hard with hand \  \  
such as gripping and lifting a 10 pound bag of sugar ^

1 3

2. Pinch More Than 2 Pounds
Plndi

Pinch force of 2+ pounds as in the pinch used Grip 
To open small binder clip with the tips o f yVJr 
Fingers '

2 3

3. Fingers

Low force prolonged grip such as click & drag tasks with a computer 
mouse, deboning with a knife, or handling items at a grocery checkout.
Do not count with power or pinch grips.

I 2

DO NOT CITE OR QUOTE



R
eproduced w

ith perm
ission o

f the copyright ow
ner. 

F
urther reproduction prohibited w

ithout perm
ission. 

Upper Extremity Risk Factors Scores Page 2 
A B C D E F 

TIME SCORE 
RISK FACTOR 

CATEGORY 
RISK FACTOR 

is the risk 
factor 

present 

2 to 4 
hours 

4 to 8 
hours 

8+ hours 
add 0.5 
per hour Comments 

Awkward 
Postures 

1. Neck Bend 

1 3 

$ 
Bending neck to either side more 
than 20°, bending neck forward 
more than 20° as in viewing items • 
on a desk or bending neck 
backward more than 5° 
2. Shoulder: Unsupported Arm 
Arm is unsupported during precision finger work 1 e;
Or both are then only score one) 2 3 (if present 

1 

77

, 
2a. Shoulder: Elbow Above Mid-Torso Height 
Elbow is awayfrom the body ( >=45° torso-elbow) 
3. Rapid Forearm Rotation 
Rotating the forearm or resisting rotation from a tool. An example of 
forearm rotation is using a manual screwdriver. 
Or (if both are present then only score one) 

3a. Extremely Flexed Elbow 
For example, working with hands close to the eyes 

1 2 

4. Wrist: Bend/Deviate 
Consider wrist bends that involve more than 20° •• ..... 
offlexion (bending the wrist palm down) or more 2 3 
than 30° of extension (bending the wrist back). 
Consider extreme deviation toward the thumb or little finger. 

Contact Stress 1. Hard/Sharp Objects Dig Into Skin 
Unpadded or unrounded surfaces that dig into the palm, wrist, elbow, armpit 
or fingers, such as ring handled scissors. 
Or, (if both are present then only score one) 

la. Using the Palm of the Hand as a Hammer 

1 2 

DO NOT CITE OR QUOTE 
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A B

Is the risk 
factor 

present

C | D | E F

RISK FACTOR 
CATEGORY

RISK FACTOR
TIME SCORE

2to4
hours

4to8
hours

8+hours 
add 0.5 
per hour Comments

Awkward
Postures

1. Neck Bend ^

Bending neck to either side more / V [ l  \
than 20°, bending neck forward (  \  [1 t \ f  Y /  )
more than 2Cf as in viewing items 1 \lf V \  X  J
on a desk or bending neck ^
backward more than 5°

1 3

2. Shoulder: Unsupported Arm
Arm is unsupported during precision finger work j n.

2a. Shoulder: Elbow Above Mid-Torso Height L ti-—  — 
Elbow is away from the body (  > -45° torso-elbow)

& 2 3

3. Rapid Forearm Rotation
Rotating the forearm or resisting rotation from a tool. An example of 
forearm rotation is using a manual screwdriver.
Or (if both are present then only score one)

3a. Extremely Flexed Elbow
For example, working with hands close to the eyes

1 2

4. Wrist: Bend/Deviate ___
Consider wrist bends that involve more than 20P
of flexion (bendins die wrist oalm down) or more ' i f '  
than 30° of extension (bending the wrist back).
Consider extreme deviation toward the thumb or little finger.

2 3

|
Contact Stress 1. Hard/Sharp Objects Dig Into Skin

Unpadded or unrounded surfaces that dig into the palm, wrist, elbow, armpit 
or fingers, such as ring handled scissors.
Or, (if both are present then only score one)

la. Using the Palm of the Hand as a Hammer

1 2

DO NOT CITE OR QUOTE



R
eproduced w

ith perm
ission o

f the copyright ow
ner. 

F
urther reproduction prohibited w

ithout perm
ission. 

120 

Upper Extremity Risk Factors Scores 

Is the risk 
factor 

present 

Page 
C D 

3 
A B E F 

RISK FACTOR 
CATEGORY 

RISK FACTOR 
TIME SCORE 

2 to 4 
hours 

4 to 8 
hours 

8+ hours 
add0.5 

per hour Comments 

Vibration 1. Localized Vibration 

1 3 

(Without Vibration Dampening) 

Vibration from contact between the hands and a • • 
Vibrating object, such as a power tool 
2. Sitting on Vibrating Surface 
(Without Vibration Dampening) -.. 010 - 1 2 

Environment 1. Cold Temperature 
Hands exposed to air temperature of 
less than 50°F 

0 1 

Work 
Organization 

1. No Control Over Work Pace, Insufficient Breaks 
Five factors to consider: I. Machine paced 2. Piece rate 
3. Electronic monitoring 4. Daily deadlines 
5. Workers with fixed or awkward postures (static or precision work) do 
not get frequent short breaks (micropauses) 
Enter 2 if one factor is present, or enter 3 if two or more factors are present 

TOTAL UPPER EXTREMITY SCORE FOR CHECKLIST A (SUM OF PAGES 1, 2, AND 3) 
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A B

Is the risk 
factor 

present

C | D | E F

RISK FACTOR 
CATEGORY

RISK FACTOR
TIME SCORE

2to4
hours

4 to 8 
hours

8+hours 
addO.S 

per hour Comments

1
Vibration 1. Localized Vibration

(Without Vibration Dampening) •—t f t *  ' '

Vibrationfrom contact between the hands and a • ^  - 
Vibrating object, such as a power tool

1 3

2. Sitting on Vibrating Surface Iricil
(Without Vibration Dampening) -- 1 2

Environment 1. Cold Temperature
Hands exposed to air temperature o f 
less than 50°F

0 1

1
Work

Organization
1. No Control Over Work Pace, Insufficient Breaks
Five factors to consider: 1. Machine paced 2. Piece rate 
3. Electronic monitoring 4. Daily deadlines
5. Workers with fixed or awkwardpostures (static or precision work) do 
not get frequent short breaks (micropauses)
Enter 2 if one factor is present, or enter 3 if two or more factors are present

1 1

TOTAL UPPER EXTREMITY SCORE FOR CHECKLIST A (SUM OF PAGES 1,2, AND 3)

DO NOT CITE OR QUOTE
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Back and Lower Extremity Risk Factors - B 

Date: Task (Est Time, 
Hours) 

Risk Factor Est Time/Risk Factor 
(Hours) Job: 

Department: 
Employee: 
Analyst: 
Comments:  

Back and Lower Extremity Risk Factors Scores 

Is the risk 
factor 

present 

Page 
C D 

1 
A B E F 

RISK FACTOR 
CATEGORY 

RISK FACTOR 
TIME SCORE 

2 to 4 
hours 

4 to 8 
hours 

8+ hours 
add0.5 

per hour Comments 

Awkward 
Postures 

(Repetitive or 
Static) 

1. Side Bending, 
Mild Bending of 
Torso More Than 
20° But less • 
Than 45° 

• 
4 1

'
iti ll 

, 

II 

il• 

i 

1 3 

2. Severe Forward Bending of Torso More than 45° 
2 

- 

3 
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Back and Lower Extremity Risk Factors - B

Date:
Job:

Task (Est Time, 
Hours)

Risk Factor Est Time/Risk Factor 
(Hours)

Department:
Employee:
Analyst:
Comments:

A B

Is the risk 
factor 

present

C | D | E F

RISK FACTOR 
CATEGORY

RISK FACTOR
TIME SCORE

2to4
hours

4 to8
hours

8+hours 
add0.5 

per hour Comments

1 1
Awkward 
Postures 

(Repetitive or 
Static)

1. Side Bending, f l |  ,
Mild Bending of
Torso More Than W  /N  f j  
20° But less ■ t n f c J  U ) X \ 
Than 45° J J

IT W

1 3

2. Severe Forward Bending of Torso More than 45°
2 3

DO NOT CITE OR QUOTE
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Back and Lower Extremity Risk Factors Scores 

Is the risk 
factor 

present 

Page 2 

RISK FACTOR 
CATEGORY 

RISK FACTOR 
TIME SCORE 

2 to 4 
hours 

4 to 8 
hours 

8+ hours 
add0.5 

per hour Comments 

Awkward 
Postures 

(Repetitive or 
Static) 

Continued 

3. Backward Bending of Torso 
Greater than 10 degrees 1 2 

4. Twisting Torso 
Shoulders turned at least 20 degrees 2 3 

5. Prolonged Sitting Without Adequate Back Support 
Back is not fin* supported by a back rest for an extended 
period 

1 2 

6. Inadequate Foot Support While Seated 0 1 

7. Standing Stationary, with little or not walking 
Stand in one place (on assembly line or check stand) 
without sit/stand option or walking 

0 1 

8. Kneeling/Squatting 2 3 

9. Repetitive Ankle Extension/Flexion 
Using a foot pedal to start or stop a machine cycle 
(as in sewing machine operators). 

1 2 

Contact Stress 1. Hard/Sharp Objects Dig Into Skin 
Contact using the leg such as the seat digging into the back of the legs or, 
pressure against the thigh, knee or shhrsfrom equipment or the workplace 

1 2 

2. Using the Knee as a Hammer or Kicker 2 3 
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A B

Is the risk 
factor 

present

C | D | E F

RISK FACTOR 
CATEGORY

RISK FACTOR
TIME Sc o r e

2to4
hours

4 to 8 
hours

8+hours 
addO.S 

per hour Comments

Awkward 
Postures 

(Repetitive or 
Static) 

Continued

3. Backward Bending of Torso 
Greater than 10 degrees 1 2

4. Twisting Torso
Shoulders turned at least 20 degrees 2 3

S. Prolonged Sitting Without Adequate Back Support
Back is not firmly supported by a back rest for an extended 
period

1 2

6. Inadequate Foot Support While Seated 0 1

7. Standing Stationary, with little or not walking 
Stand in one place (on assembly line or check stand) 
without sit/stand option or walking

0 1

8. Kneeling/Squatting 2 3

9. Repetitive Ankle Extension/Flexion
Using afoot pedal to start or stop a machine cycle 
(as in sewing machine operators).

1 2

|
Contact Stress 1. Hard/Sharp Objects Dig Into Skin

Contact using the leg such as the seat digging into the back o f the legs or, 
pressure against the thigh, knee or shins from equipment or the workplace

1 2

2. Using the Knee as a Hammer or Kicker 2 3

DO NOT CITE OR QUOTE
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Back and Lower Extremity Risk Factors Scores 

Is the risk 
factor 

present 

Page 3 
C D E A B F 

RISK FACTOR 
CATEGORY 

RISK FACTOR 
TIME SCORE 

2 to 4 
hours 

4 to 8 
hours 

8+ hours 
add0.5 

per hour Comments 

Vibration 1. Sitting on Vibrating Surface 
1 2 (Without Vibration Dampening) -,.. 1Ibf7_ 

Push/Pull 1. Moderate Load 
Moderate Loads = 20 pounds of initial force needed to push/pull 
An object such as a shopping cart loaded with five 
40-pound bags of dog food (200 pounds) 

1 2 

2. Heavy Load 
Heavy load = 50 pounds of initial force needed push/pull 
Object such as a two-drawer full file cabinet 
Across a carpeted floor 

2 3 

Work 
Organization 

1. No Control Over Work Pace, Insufficient Breaks 
Five factors to consider: 1. Machine paced 2. Piece rate 
3. Electronic monitoring 4. Daily deadlines 
5. Workers with fixed or awkward postures (static or precision work) do 
not get frequent short breaks (micropauses) 
Enter 2 if one factor is present, or enter 3 if two or more factors are present 

MANUAL HANDLING SCORE (FROM CHECKLIST C)

PATIENT HANDLING SCORE (FROM CHECKLIST D) I 

TOTAL BACK AND LOWER EXTREMITY SCORE (SUM OF BOTH PAGES 1 AND 2) I 
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A B

Is the risk 
factor 

present

C | D | E F

RISK FACTOR 
CATEGORY

RISK FACTOR
TIME SCORE

2to4
hours

4 to 8 
hours

8+hours 
addO.S 

per hour Comments

Vibration 1. Sitting on Vibrating Surface _
(Without Vibration Dampening} 1 2

Push/Pull 1. Moderate Load
Moderate Loads — 20 pounds o f initial force needed to push/pull 
An object such as a shopping cart loaded -with five 
40-pound bags o f dog food (200pounds)

1 2

2. Heavy Load
Heavy load = SO pounds o f initialforce needed push/pull 
Object such as a two-dnrwer full file cabinet 
Across a carpeted floor

2 3

Work
Organization

1. No Control Over Work Pace, Insufficient Breaks
Five factors to consider: 1. Machine paced 2. Piece rate 
3. Electronic monitoring 4. Daily deadlines
S. Workers with fixed or awkwardpostures (static or precision work) do 
not get frequent short breaks (micropauses)
Enter 2 if one factor is present, or enter 3 if two or more factors are present

MANUAL HANDLING SCORE (FROM CHECKLIST Q  1

PATIENT HANDLING SCORE (FROM CHECKLIST D) |

TOTAL BACK AND LOWER EXTREMITY SCORE (SUM OF BOTH PAGES 1 AND 2 ) |

DO NOT CITE OR QUOTE



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



125 

Manual Handling (10 Pounds or More) - C 
NEAR LIFT MIDDLE LIFT FAR LIFT 

STEP 1 
Determine if the Lift is Near, 

Middle or Far 
(Body to Hands) 

Use an average horizontal 
distance if a lift is made 
every 10 minutes or less. 
Use the largest horizontal 
distance if more than 10 
minutes pass between lifts. 

j 

— 

Middle 
Knuckle 

0 to 4 
inches 

Toes 

I Knuckle 

i 

Middle 

4 to 10 

?--
Middle 

f Knuckle 

Tors 

Indies More than
10 inches 

Toes

STEP 2 
Find the Lifting Zone 

And Estimate the 
Weight Lifted (Pounds) 

use an average weight if a 
lift is made every 10 
minutes or less 
use the heaviest weight if 
more than 10 minutes pass 
between lifts 
Counter 0 in the total score 
if the weight is less than 10 
lbs 

NEAR LIFT MIDDLE LIFT FAR LIFT 

1 1,1N
iw, 

. 1 
More than 

51 lb 

5 Points* 
NC II 

j 
I 

More than 
35 lb 

6 Points 

i R i 
More than 

28 lb 

6 Points 

CAUTION 
ZONE 

17 to 51 lb 

3 Points 

CAUTION 
ZONE 

12 to 351b 

3 Points 

CAUTION 
ZONE 

10 to 281b 

3 Points 

SAFE 
ZONE 

Less Than 
17 lb 

0 Points 

SAFE 
ZONE 

Less Than 
12 lb 

0 Points 

SAFE 
ZONE 

Less Than 
10 lb 

0 Points 

* if lifts are performed more than 15 times per shift, use 6 points 
STEP 2 SCORE 

(enter 0, 3, 5, 6) 

STEP 3 
Determine the Points 

for Other Risk Factors 

use occasional lifts if more 
than 10 minutes pass 
between lifts 
use the more than 1 hour 
points if the risk factor 
occurs with most lifts and 
lifting is performed for 
more than 1 hour 

FACTOR 
OCCASIONAL LIFTS 

PERFORMED FOR I HOUR 
OR LESS IN TOTAL PER 

SHIFT 

LIFTS PERFORMED FOR 
MORE THAN 1 HOUR IN 

TOTAL PER SHIFT 

Twist torso during lift 1 I 

Lift one-handed 

Lift unstable loads (people, 
liquids, or loads that shift around 
or have unequal weight 
distribution) 

1 2 

Lift between 1 to 5 times per 
minute 
Lift more than 5 times per minute 

Lift above the shoulder 1 2 

Lift below the knuckle 1 2 

Carry objects farther than 30 feet 2 3 

Lift while seated or kneeling 

STEP 3 SCORE 

TOTAL SCORE (add scores from steps 2 and 3. Enter total score on Checklist 13) 

DO NOT CITE OR QUOTE 
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Manual Handling (10 Pounds or More) - C

STEP 1 
Determine if the Lift is Near, 

Middle or Far 
(Body to Hands)

Use an average horizontal 
distance if a  lift is made 
every 10 minutes or less. 
Use the largest horizontal 
distance if more than 10 
minutes pass between lifts.

NEAR LIFT

Middle
Knodde

0  to  A

MIDDLE LIFT FAR LIFT

Middle 
j  i K nudde

Middle
Knuckle

4 to  10 
inches More than 

10 inches

STEP 2 
Find the Lifting Zone 

And Estimate the 
Weight Lifted (Pounds)

use an average weight if a 
lift is made every 10 
minutes or less 
use the heaviest weight if 
more than 10 minutes pass 
between lifts
Counter 0 in the total score 
if the weight is less than 10 
lbs

NEAR LIFT

CAUTION
ZONE

SAFE
ZONE

More than 
SI lb

5 Points*

17 to SI lb

3 Points
Less Than 

171b

0 Points

MIDDLE LIFT

l r C t G I J t
ZOM.

CAUTION
ZONE

SAFE
ZONE

* if lifts are performed more than 15 times per shift, use 6 points

More than 
351b

6 Points

12 to 35 lb 

3 Points
Less Than 

12 lb

0 Points

FAR LIFT

danger ■ yosiii

CAUTION
ZONE

SAFE
ZONE

More than 
28 lb

6 Points

10 to 28 lb 

3 Points
Less Than 

10 lb

0 Points

STEP 2 SCORE
(enter 0 ,3 ,5 ,6 )

STEP 3 
Determine the Points 

for Other Risk Factors

use occasional lifts if more 
than 10 minutes pass 
between lifts 
use the more than 1 hour 
points if the risk factor 
occurs with most lifts and 
lifting is performed for 
more than 1 hour

FACTOR
OCCASIONAL LIFTS 

PERFORMED FOR 1 HOUR 
OR LESS IN TOTAL PER 

SHIFT

L lffS  PERFORMED FOR 
MORE THAN I HOUR IN 

TOTAL PER SHIFT

Twist torso during lift 1 1

Lift one-handed 1 2

Lift unstable loads (people, 
liquids, or loads that shift around 
or have unequal weight 
distribution)

1 2

Lift between 1 to 5 times per 
minute

1 1

Lift more than 5 times per minute 2 3

Lift above the shoulder 1 2

Lift below the knuckle 1 2

Carry objects farther than 30 feet 2 3

Lift while seated or kneeling ....................1........................ 2

STEP 3 SCORE
TOTAL SCORE (add scores from steps 2 and 3. Enter total score on Checklist B)

DO NOT CITE OR QUOTE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



126 

Patient/Resident Handling Checklist - D 
SCORE 

RISK FACTOR/CONDITION NO YES 
Lift or transfer totally dependent patient/resident 6 
Lifting from the floor (patient/resident totally or partially 
dependent) 

6 

Patient/resident partially dependent? Consider factors below and check or circle as appropriate: 
Transfer Type/Tasks 

Lateral transfer 
Bed to chair or chair to bed 
Chair to Chair 
Repositioning in bed or chair 
If at least one of the above is checked as yes, score 4 and continue checking 4 

Environment (bed, toilet, shower area, etc.) 
Limited access (such as restricted toileting or bathing 
area) 

2 

Obstructions (such as shower curbs, room furnishing, IV 
tubing or catheters) 

2 

Slippery surfaces (such as wet floors in bathing areas) 2 
Uneven surfaces (such as wheelchair to bed or 
wheelchair and toilet) 

2 

Worker Factors 
Twelve or more lifts or transfers per shift 1 
Carrying three or more feet 1 
Twisting/bending torso (such as when lifting a patient 
from a geri-chair) 

2 

Patient/Resident Factors 
Unpredictable behaviour or combative patient 2 
Cognitive impairment 2 
Special medical conditions (such as bums, skin tears or 
stroke) 

I 

Little ability to assist in transfer 2 

TOTAL SCORE (Record the score on Checklist B) 

DO NOT CITE OR QUOTE 
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Patient/Resident Handling Checklist - D
SCORE |

R ISK  FACTOR/CONDITION NO YES
Lift or transfer totally dependent patient/resident 6
Lifting from the floor (patient/resident totally or partially 
dependent)

6

Patient/resident partially dependent? Consider factors below and check or circle as appropriate:
T r a n s f e r  T y p e /T a s k s

Lateral transfer r
Bed to chair or chair to bed t

Chair to Chair
Repositioning in bed or chair
I f  at least one of the above is checked as yes, score 4 and continue checking | 4

E n v i r o n m e n t  ( b e d ,  t o i l e t ,  s h o w e r  a r e a ,  e tc . )

Limited access (such as restricted toileting or bathing 
area)

2

Obstructions (such as shower curbs, room furnishing, IV 
tubing or catheters)

2

Slippery surfaces (such as wet floors in bathing areas) 2
Uneven surfaces (such as wheelchair to bed or 
wheelchair and toilet)

2

W orker Factors
Twelve or more lifts or transfers per shift 1
Carrying three or more feet 1
Twisting/bending torso (such as when lifting a patient 
from a geri-chair)

2

Patient/R esident Factors
Unpredictable behaviour or combative patient 2
Cognitive impairment 2
Special medical conditions (such as bums, skin tears or 
stroke)

1

Little ability to assist in transfer 2

TOTA L SCORE (Record the score on Checklist B) |

DO NOT CITE OR QUOTE
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Appendix B: Exclusion Criteria 

1996-1997 June 1995 to Dec. 1995 # Elim. 
Leave: any leave greater than 1 
month in duration resulted in 

: any subject on leave for all of the 
six months prior to the start of the 

96/97 95 

elimination from the study. study period was excluded. 122 4 
• If leave of <1 month - risk 

score was assigned for unique 
job held for the most number 
of days in that month. 

• if the subject works any 
portion of the 6 months prior 
to the start of the study period 
they will be included - Prev. 
BM variable was the weighted 
average for the period they 
were not on leave 

Type: any period being PT or Casual : any subject that was PT or Casual 
greater than 1 month resulted in 
elimination from the study. 

• If leave of <1 month - risk 
score was assigned for unique 
job held for the most number 
of days in that month. 

for all of the six months prior to the 
start of the study period was 
excluded. 

• if FT for any portion of the 6 
months prior they will be 
included as long as they were 

72 

FT as of January 1, 1996 -
Prev. BM variable was the 
weighted average for the 
period they worked FT 

Temporary: being Temporary at the 
start of the study (Jan. 1, 1996) 
resulted in elimination 

5 

Additional Jobs: holding more than : if a subject has more than one job 
one job for any period exceeding one 
month resulted in elimination. 

for all of the six months prior to the 
start of the study period they were 
excluded. 

40 1 

• if the subject had only one job 
for any portion of the 6 
months prior to the start of the 
study they were included -
Prev. BM variable was the 
weighted average for the 
period they worked only one 
job 
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Appendix B: Exclusion Criteria

1996-1997 June 1995 to Dec. 1995 # Elim.
Leave: any leave greater than 1 
month in duration resulted in 
elimination from the study.

• If leave of <1 month - risk 
score was assigned for unique 
job held for the most number 
of days in that month.

: any subject on leave for all of the 
six months prior to the start of the 
study period was excluded.

• if the subject works any 
portion of the 6 months prior 
to the start of the study period 
they will be included - Prev. 
BM variable was the weighted 
average for the period they 
were not on leave

96/97 95

122 4

Type: any period being PT or Casual 
greater than 1 month resulted in 
elimination from the study.

• If leave of <1 month - risk 
score was assigned for unique 
job held for the most number 
of days in that month.

: any subject that was PT or Casual 
for all of the six months prior to the 
start of the study period was 
excluded.

• if FT for any portion of the 6 
months prior they will be 
included as long as they were 
FT as of January 1, 1996 - 
Prev. BM variable was the 
weighted average for the 
period they worked FT

72

Temporary: being Temporary at the 
start of the study (Jan. 1, 1996) 
resulted in elimination

5

Additional Jobs: holding more than 
one job for any period exceeding one 
month resulted in elimination.

: if a subject has more than one job 
for all of the six months prior to the 
start of the study period they were 
excluded.

• if the subject had only one job 
for any portion of the 6 
months prior to the start of the 
study they were included - 
Prev. BM variable was the 
weighted average for the 
period they worked only one 
job

40 1
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1996-1997 June 1995 to Dec. 1995 # Elim. 
Job Change: a change in job number 
any time during the study period for a 
period greater than one month 
resulted in elimination. 

• If subject changed jobs for <1 
month within the study period 
the risk score was assigned for 
the unique job held for the 
most number of days within 
that month. 

: if the subject was not a 776 or 289 
for the 6 months prior to the start of 
the study they were eliminated 

• If the subject was a 289 or 
776 for any period in the 6 
months prior and were a 776 
or 289 as of January 1, 1996 
they were included. Prev. BM 
variable was assigned as the 
weighted average for the 
period they worked as a 289 
or 776. 

9 0 

Shift Duration Change: If the 
subject changed from an 8 hour shift 
worker to a 12 hour shift worker or 
visa versa at any time during the 
study period they were eliminated. 

: if a study subject changed from an 8 
hour shift worker to a 12 hour shift 
worker or visa versa at any time six 
months prior to the start of the study 
they were eliminated. 

22 1 

Shift Rotation: If the subject worked 
in a unique job deemed by the Expert 
Committee to be non-rotating at any 
time during the study period (not 
rotating between various shift times, 
but working a constant shift such as 
days or nights) they were eliminated 
from the study. 

: if the subject worked in a unique job 
deemed by the Expert Committee to 
be non-rotating at any time during the 
6 months prior to the start of the 
study period (not rotating between 
various shift times, but working a 
constant shift such as days or nights) 
they were eliminated from the study. 

25 

Injury: If the subject is injured 
before working 15 days during the 
study period (prior to 01/16/96) they 
were eliminated. 

4 

Injury Traumatic: If the subject had 
an injury caused by a fall/slip trip or 
was struck by an object they were 
eliminated. 

7 

Missing Information 3 
Terminated 15 

Total Eliminated 330 
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1996-1997 June 1995 to Dec. 1995 # Elim.
Job Change: a change in job number 
any time during the study period for a 
period greater than one month 
resulted in elimination.

• If subj ect changed j obs for < 1 
month within the study period 
the risk score was assigned for 
the unique job held for the 
most number of days within 
that month.

: if the subject was not a 776 or 289 
for the 6  months prior to the start of 
the study they were eliminated 

• If the subject was a 289 or 
776 for any period in the 6  

months prior and were a 776 
or 289 as of January 1, 1996 
they were included. Prev. BM 
variable was assigned as the 
weighted average for the 
period they worked as a 289 
or 776.

9 0

Shift Duration Change: If the
subject changed from an 8  hour shift 
worker to a 1 2  hour shift worker or 
visa versa at any time during the 
study period they were eliminated.

: if a study subject changed from an 8  

hour shift worker to a 1 2  hour shift 
worker or visa versa at any time six 
months prior to the start of the study 
they were eliminated.

2 2 l

Shift Rotation: If the subject worked 
in a unique job deemed by the Expert 
Committee to be non-rotating at any 
time during the study period (not 
rotating between various shift times, 
but working a constant shift such as 
days or nights) they were eliminated 
from the study.

: if the subject worked in a unique job 
deemed by the Expert Committee to 
be non-rotating at any time during the 
6  months prior to the start of the 
study period (not rotating between 
various shift times, but working a 
constant shift such as days or nights) 
they were eliminated from the study.

25

Injury: If the subject is injured 
before working 15 days during the 
study period (prior to 01/16/96) they 
were eliminated.

4

Injury Traumatic: If the subject had 
an injury caused by a fall/slip trip or 
was struck by an object they were 
eliminated.

7

Missing Information 3
Terminated 15

Total Eliminated 330
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Appendix C: Sample of Regina Health District Employee Report of 
Incident/Hazard and Confidential Investigation Forms 

Regina Health District 
-Ur 

Employee Report of Incident/Hazard 

Report all occurrences immediately. Complete investigation within 24 hours. 

RHO Division   File Number 

Name  Department/Program 

Job Title  Status: ED Full Time 0 Part Time 0 Casual 

Occurrence  / /  Time 
00 MM YY 

Individual Involved: 0 Employee U Medical Staff U Volunteer U Student Li Other 

Home Phone Number 

To be completed by Individual Involved or Immediate Supervisor 
Complete for all incidents. 

1. Incident: 0 Actual Ll Potential/Hazardous Circumstances 

2. Location of Incident: 

Nursing Unit U Client's Room (Room it ) i.1 Bathroom I .) Service Room (.1 Other 

Other

3. Reported to: 

Name Department/Program 

Title Date / / Time hours 
OD MM YY 

4. Description of Incident 

5. Name of Client Involved 6. Witness 

Date / / Signature 
OD MM YY Individual Involved 

This section to be completed by Employee Health Nurse or Emergency Physician 
1. Nature of Injury: 

11 Strain/Sprain L.1 Fracture ' I Contusion/Bruise r I Burn L I Laceration/Abrasion i Foreign Body 

1,:j Blood and Body Fluid Exposure - i 'I Puncture/Laceration i I Other 

l..i Other Exposure 

2. Degree of Injury: Li None Apparent U Minor/No Treatment Required I Treatment Required ri Medical Aid 

3. Time Lost Beyond Day of Injury: [1,3 Yes 0 No 

4. Consulted: LI Employee Health Nurse 
/MM 

/ i Emergency Department _Z._ _/ 
OD MM YY 00 MM YY 

:...: Physician / / 
(Name) DO MM YY 

5. Treatment and Recommendations (It Applicable): 

6. If bloodibody fluid exposure, was baseline bloodwork ordered on exposed person? ID Yes. CI No 

7. Tetanus immunization (11 Applicable): / / 
DD • MM YY 

8. Previous Similar Injury: Liyeis LI No °Weis) / / ! / / _ 
DD NIM YY OD MM YY OD MM 

9. Previous Injury Work Related.' ,D Yes 'I No 

Signature / 

_../ 
• YY 

_Z 
no MM YY 

RHO 011A POO 
White - Employee Health Services Canary - Person In Charge 
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Appendix C: Sample of Regina Health District Employee Report of 
Incident/Hazard and Confidential Investigation Forms

Regina Health District

Employee Report of Incident/Hazard
Report ail occurrences immediately. Complete investigation within 24 hours.

BHD Division, 

Name —
  ' ■■■ :.... ■   Fiia. N um ber ’

■. ■■  ■- DepartrnentfRfqgram

S ta tu te1 Q P ullT O w  □  PaftTinne O  Casual ! JobT itlf____________ _
nhrawAnne" v~:'...................... ...1,... ' Time: ___ , —. Home Phone N um ber.

"YV'i'E® , W :-
Individual Involved: f l  Employes I ) Medical Statf ' i Volunteer O  Student O  O ther„

To be completed by Individual Involved or Immediate Supervisor
C o m p le te  for all incidents.
1:. Incident: t j  Actual B  Botential/Hassrdaus Circumstances 

i/M. : toeatton.iot Incident:
N w a t n a U n t t   TiClient’sfto o m iR p o m ;# I t J  Baihfobirt □  SarvicefRoom O O th e r_

■Other. i = i ,   ---------- — ,—

3. Reported to: i  

Name _ _ _ _  

T O #_______

D epartm ent/P rogram  ,

“W»,; 0!) MM; ¥Y T im e. . hours

■:4. 0«scrtptidi|:t#fKSdents

SLivĤTO* °* CPPflMwoM#i- 
o^._s r ^ s rz w .

i ,  : Witnes®, ,

IndiVidiiannvoived

This section to be completed by Employee Health Nurse or Emergency Physician

I t StrairVSprain Li Fracture , .Contusion/Bruise IBurn I ! Laceration/Abrasion □  Foreign Body
f j Blood and Body Fluid Exposure - , \ PunctureAacemlion , I Other     ■— :------- _

! ; Other Exposure
2. Degree of Injury: L 1 None Apparent (.JMinor/No Treatment Required < Treatment Required □  Medical Aid 

' 3. Tim® lo s t  Beyond Day of Injury: ! I Yes I', I No
4. Consulted: □  Employee Health N urse .

iJ Physician  ______

Emergency D epartm ent..

/
(Nsaifi) tm

OD _z5L
YY

YY

6, Treatm ent and Recommendations (II Applicable):

= If bfoodAody fluid exposure, w as baseline Woodwork ordeied on exposed person’  I )Yas

7. Tetanus Immunization (If Applicable): _ _ ___
■ ; p o ;> '" ' “ YY:

8. Previous Similar Injury: I ,  Y es i J No  Oate(s) KST MM YY

' ■»; Y®«:- .CT;No:.
S igna tu re___________________   :

OD MM

‘ White - E m pidyftM iA h ServiB®^; Canary - Person In C harge
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Regina Health District 
—IlA kr • Confidential Investigation 

This report to be completed by the immediate supervisor/department head within 24 hours. 

RHO Division  Name of Individual Involved   File Number 

Check the appropriate phrase: 

1 Fall/Slip/Trip LI Transferring/Lifting/Carrying Other Exposure: ((-1 Electrical (.1-, Heat 

(-.)Contact Iii BloortSody Fluid Exposure IT Fire/Smoke ( -; Chemical 

:- i Client Action _I Client Aggression 

I II Other 

1. Administrative factors to be considered: 

IT! Supervision °Staffing Level C31.464111V/Signage 
f 1 Product Evaluation °Communication . PPoliolesrProcedures 

III Department/Program Standards °Warning System (7DocumentationtChecking 

i- i Work PlaniDesigniMaintenance 0 Inappropriate Staffing Mix IL Clarity of Roles/Responsibilities/Accountablities 

11 Other 

2. Performance factors to be considered: 

`1 Failure To Secure Equipment 0 Inattentive/Emotional ' 0 Inappropriate Personal Attire 

1.1Woridng On Moving Equipment 0 Unsafe Loading, Transfer - 0 Inappropriate Personal Protection 

171 Safety Devices koperable;Nonexistent LI Inadequate Client Assessment . =,f Co-worker Cooperationfleam Work 

Ti Hazardous Use of Equipment 11( Unsafe Body Mechanics  . 0 Physical Fitness Limitations 

."....., JobiPerson Ergononics t..: Unauthorized Operation -.I: . Cl Failure TA Follow Orders/PoliciesrProcedures 

I:: Other 

3. Environmental factors to be conskfered: Inappropriate: 0 Lighting 0 Humidity 

0 Disposal System I -I Client Behaviour 0 Voirdeilon 0 Temperature 

i-„: Congested Work Area CI Detective Equipment (Decal Number ) 
Exoesilwe: CJ Noise a Vibration 

i . - Hazardous Exterior Condition 

.,. ,' Other 

4. Knowledge factors to be considered: i3KnowledGe Loves HSWIl DevelopmenbExperience II Orientation 

5. Employee factors: Shift Time: Start ..- '.' WO Overtime Hours in Last Five Days 0 Yee El No 

Shills worked since last 24 hour break 1 2 3 . 4 5 6 7 B 9 10 

Number of days off it first day back 1 2 3 :.- A 5 6 7 ! I: More Than One Week 

- 6. Comments: 

1. Action to prevent re-occurrence: 
Employee's Suggestions 

SUparvisor's Suggestions 

Other Departments/Programs Involved In Action Plan 

Implementation Date / / Proposed Review Date Z / 
no MM YY OD MM YY 

Supervisor Department/Program Head 

2. Review of Remedial Action Plan by Safely. Coordinator: 0 Effective ID Not Effective 

Further Review Required i.13 Yes . Lli No Comments 

Signature Date / / 
ov MM YY 

AHD sir a 1.1,S41 White - Employee Health Services Canary - Retain 
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■■JkV/.
J T  Regina H e a l*  District

Confidential Investigation
This report to be completed by the immediate supervisor/department bead within 24 hours.

S am e of tndivttjaf Involved:; File N um ber.

Check the appropriate
: !FaS6lipTnp 

..Q.CwjiaS;; '
□ G l « t  Aetisn QOSwi 
H o t te r _________

: LjTraasfffflliMhs&rryfng Other fitposure; Etedricaf OHmI 

Pire/Smol® □  Chemical

M < AdreMstrativetactora to BdcKtsidieMiB;
(1 Supervision : f3S»af!ir«twel, :

: LJ Pt«itiftt:EwtoS« >  :!3  Conw!)fiicsti* ;
■ ■ Depattmenl'Progtam StawJarifs t3W aSfi#:Sp«m :

! iWoiKPian^asign/Maintmnce . I inappropriate Staffing Mix

3 : ( 1 Other____________________        _

□iabsfeg/Signaga
□  PotfciesiProcedures

□  ObcutneniatW GhscW ngi
□  Clarify of RoteSifiesponsBBiasrAccotwtabiMee

f I Failure To Secure!

: 1 WorWng On Moving Equpment

■'T Safety Davises Inoperable/Nonexistent 

"1 Hazardous Use of Ftppmerti 
Job/Person Ergonomics 

□  Otter_______________

IliwwnilVw .. ..

n  Unsafe Loafing, Transfer

O frttS/la«ftaffi r'itcsrti iettaeeffl

f l  Unsafe Body Mechanics 
. . Unauthorized Operation

□  inappropriate Personal Attire
□  Inipopfiata PgrsortatProfection

: O  Co-wfKar Cseperaiionfeam Work

□  Physical FtoessfUmitalians

O  « * * »  To Foffw Ordeis/PoliciBS/Proqeitwes

Inappropriate; S3 Lighting 111410101%
O  V9nti!a!»h □  Temperature

□  Noise O  Vibration

3, Environmental (actors to be considered: 
i : Disposal System i iCStm! Behaviour
i .Congested Worts Area (i 1 Detective Equpmert (Decat Number.

■. Hazardous Exterior Condition 

F/.oaiwi I ' .............
4 . K now ledge fac to rs  to  b e  co n sid e red : i ) Knowledge Level l ■ SMil Development/Experience f J  Orientalipfl

6 . E m ployee  facto rs: Shift Time: Starf_______  Finish________________________________________ ;.0  .QNp
Shifts wodadsmcatast 24 hour break ! 2 3 4 5 8 7 B 9 10

Number of days off if first day back: 

6. Comments:_____________
T'.: MoreTMri One Week

f . Action to prevent re-occurrence: 
Employee’s  S u ggestions----------

Supervisors Suggestions

Other Departments/Programs Involved in Action Plan

Implementation Date 

S uperv iso r________ _

/ Proposed Review D ate:
do mm :yy 

Oepartment/Program

2. Review of Remedial Action Plan by Safety Coordinate?:; S lffW ive O  Npt: B»»Siy®

Further Review Required i Yes L ’No Comments

''Sighiture: "I" ’ . . . . L .. 'Data:'
■ White - Employee Health Services Canary - Relain
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Appendix D: Memo to all Unit Managers 

University of Regina 
Faculty of Physical 
Activity Studies 

Faculty of Physical Activity Studies 
Nancy Turner, B.S.P.E., P.F.L.C. 
Graduate Student 
University of Regina 
Regina, SK S4S 0A2 

Memo 
To: Unit Managers, Regina Health District 

From: Nancy Turner, Faculty of Physical Activity Studies 

cc: Irene Borgstrom, Occupational Health and Safety, Regina Health District 

Date: 

Re: Back Injury Research Project 

The purpose of this memo is to introduce you to a University of Regina research project 
being completed with the cooperation of the Regina Health District. The aim of the study is 
to assess factors which may be related to an increased risk of back injury in Registered 
Nurses (RNs) and Licensed Practical Nurses (LPNs), specifically shift duration. The goal of 
the project will be to collect information that can be utilized by the Regina Health District in 
their quest for an improved work environment. 

Part of this investigation will involve the collection of information on the biomechanical 
demands of typical nursing duties. In order to collect this information, it is hoped that your 
ward will cooperate and facilitate the completion of a job shadowing and biomechanical 
analysis of the work tasks of RNs and/or LPNs on your ward. Attached to this memo is a 
listing of the number of and type of job(s) that need to be shadowed and analyzed in your 
ward. Donna Sliva from the Occupational Health and Safety Office will be contacting you in 
the near future to arrange dates and times for the job shadowing to occur. The intent of this 
aspect of the investigation is to assess biomechanical demands of RNs and LPNs during a 
"typical" shift and as such we would ask that you identify and schedule the shadowing to 
occur on a shift that you believe would fit this description (i.e. not on a day where it is 
known that tasks that are not typically performed will be completed). 

The job shadowing and biomechanical analysis will involve me (Nancy Turner) 
"shadowing" the designated Registered Nurse or Licensed Practical Nurse for their entire 
shift. The job tasks of each individual will be tracked and the duration, repetition, and force 
of each movement and posture will be recorded throughout the shift while the individual 
performs regular job duties. The Investigator may also ask questions throughout the shift at 
an appropriate time. Questions may include, "Is this type of task completed on a typical 
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Appendix D: Memo to all Unit Managers

Faculty  o f Physica l Activity S tud ies 
N ancy  T u rn e r, B .S .P .E ., P .F .L .C .
G rad u a te  S tuden t 
University o f  R egina 
R egina, SK  S 4 S  0A2

Memo
To: Unit Managers, Regina Health District

From: Nancy Turner, Faculty of Physical Activity Studies

c c : Irene Borgstrom, Occupational Health and Safety, Regina Health District

Date:

Re: Back Injury Research Project

The purpose of this memo is to introduce you to a University of Regina research project 
being completed with the cooperation of the Regina Health District. The aim of the study is 
to assess factors which may be related to an increased risk of back injury in Registered 
Nurses (RNs) and Licensed Practical Nurses (LPNs), specifically shift duration. The goal of 
the project will be to collect information that can be utilized by the Regina Health District in 
their quest for an improved work environment.

Part of this investigation will involve the collection of information on the biomechanical 
demands of typical nursing duties. In order to collect this information, it is hoped that your 
ward will cooperate and facilitate the completion of a job shadowing and biomechanical 
analysis of the work tasks of RNs and/or LPNs on your ward. Attached to this memo is a 
listing of the number of and type of job(s) that need to be shadowed and analyzed in your 
ward. Donna Sliva from the Occupational Health and Safety Office will be contacting you in 
the near future to arrange dates and times for the job shadowing to occur. The intent of this 
aspect of the investigation is to assess biomechanical demands of RNs and LPNs during a 
“typical” shift and as such we would ask that you identify and schedule the shadowing to 
occur on a shift that you believe would fit this description (i.e. not on a day where it is 
known that tasks that are not typically performed will be completed).

The job shadowing and biomechanical analysis will involve me (Nancy Turner) 
“shadowing” the designated Registered Nurse or Licensed Practical Nurse for their entire 
shift. The job tasks of each individual will be tracked and the duration, repetition, and force 
of each movement and posture will be recorded throughout the shift while the individual 
performs regular job duties. The Investigator may also ask questions throughout the shift at 
an appropriate time. Questions may include, “Is this type of task completed on a typical

University of Regina 
Faculty of Physical 
Activity Studies
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shift?" "How often would this type of task be completed on a typical shift?" "Is this type of 
pace/force/posture typical when completing this task?" "Is the weight and/or dependency of 
this patient above, below, or equal to the weight/dependency of the typical patient you see?". 
Questions may also be asked regarding the individuals perception of force required to 
perform certain tasks (e.g. if a cart is being pushed an individual would be asked, "Is the type 
of force required for you to push this cart greater, less than or equal to the force required to 
push a grocery cart weighted with 200 pounds or 5 - 40 pound bags of dog food?"). 

Any aspect or task performed during the job shadowing and analysis which the Registered 
Nurse or Licensed Practical Nurse does not feel it appropriate for the investigator to observe 
for reasons of patient privacy/comfort will not be observed. If this situation does arise, the 
investigator will simply ask the Registered Nurse or Licensed Practical Nurse about specific 
aspects of the task performed at a later, appropriate, opportunity and may ask the Registered 
Nurse or Licensed Practical Nurse to mimic, without a patient, the postures and movements 
of the activity. 

The investigator will be dressed appropriately as required by the ward in which the 
shadowing is being performed (commonly a white lab coat over casual dress clothing unless 
otherwise indicated by the unit manager) and will be identified by a Regina Health District 
student identification badge. 

It is important to note that the participation of any Registered Nurse or Licensed Practical 
Nurse in this project is voluntary. No subject will be asked or required to be shadowed 
without their full consent and the subjects are free to withdraw or discontinue their 
participation in the project at any time. A copy of an introductory memo which you can use 
to recruit study participants is attached. Please feel free to copy this document and distribute 
it to individuals who you feel may be interested on your ward. 

In addition, a copy of the informed consent form which all subjects will be given and asked 
to sign prior to the job shadowing is attached. The data collected from this job shadowing 
and analysis will not be linked to any individual in any way. The data will be used as a 
representation of the biomechanical risks encountered in the completion of job duties in that 
unique job and will in no way be related back to the individual with whom the shadowing 
and analysis occurred. The recording sheet used will not have any personal identifier on it 
that may be used to link the data to any individual. The purpose of the analysis is not to 
identify if proper techniques or procedures are being used by the individuals, only to get a 
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Appendix E: Memo to potential participants 

University of Regina 
Faculty of Physical 
Activity Studies 

Faculty of Physical Activity Studies 
Nancy Turner, B.S.P.E., P.F.L.C. 
Graduate Student 
University of Regina 
Regina, SK S4S 0A2 

Memo 
To: Registered Nurses and Licensed Practical Nurses, Regina Health District 

From: Nancy Turner, Faculty of Physical Activity Studies 

Date: 

Re: Request for Participation in Research Project 

The purpose of this memo is to introduce you to a University of Regina research project 
being completed with the cooperation of the Regina Health District. This project is part of 
my Masters degree in Physical Activity Studies. The aim of the study is to assess factors 
which may be related to an increased risk of back injury in Registered Nurses (RNs) and 
Licensed Practical Nurses (LPNs), specifically shift duration. The goal of the project will be 
to collect information that can be utilized by the Regina Health District in their quest for an 
improved work environment. 

Part of this investigation will involve the collection of information on the biomechanical 
demands of typical nursing duties on several wards within the Regina Health District. The 
position you currently hold is one on which this biomechanical assessment needs to be 
completed. 

I am asking you to consider participating in this project to ensure that the issues related to 
back injury in RNs and LPNs can be better understood. Your involvement would require the 
following: 

• You and your unit manager would need to choose an appropriate shift when I may come 
and "shadow" you while you complete your job duties. 

• Once arranged, I would come to your ward at the start of the scheduled shift. Before 
shadowing would occur I would ask you to read and sign an Informed Consent for this 
research project. This form is designed to ensure you, as a study participant, understand 
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your rights to fair and ethical treatment and is required by the University of Regina and 
the Regina Health District ethics boards. Your unit manager has a copy of the Consent 
Form if you would like to view it before making your decision to participate. 

• When the form was signed the job shadowing would begin. This would involve me 
roughly tracking the duration, repetition and force of each movement and posture 
involved in the completion of your job tasks. I would track your activities in this manner 
throughout the shift. 

• I may also request your assistance in approximating duration, repetition and force of 
these movements and postures by asking you questions at appropriate times throughout 
the shift. 

IMPORTANT: 
• Your participation is completely voluntary. If you decide not to participate it will in no 

way affect your employment with the Regina Health District. As well, if you do agree to 
take part you are free to withdraw or discontinue at any time before or during the 
shadowing process. 

• Any activities you do not feel it appropriate for me to observe (for reasons of patient 
privacy or comfort) will not be observed. 

• The purpose of this analysis is NOT to determine if you are performing your duties 
correctly, only to get a representation of the biomechanical demands encountered in your 
job. 

• No data collected will be linked to you in any way. The recording sheet used during the 
shadowing will not have any identifier on it that could be used to link the information 
collected back to you personally. 

If you have any questions regarding this investigation or what you as a participant would be 
asked to do, please contact me at the phone number above. 

If you are interested in assisting in this research project by allowing me to job shadow you 
for one shift, please inform your unit manager so a time can be set up. I hope you consider 
taking part in this research project and I look forward to working with you in increasing our 
understanding of back injuries in RNs and LPNs. 
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Appendix F: Informed Consent 

Informed Consent for Participation in a Research Project 
Back Injuries in Nurses Working 8 and 12 hour Shifts 

ies 

Nature and Purpose of the Study: 
This study is part of a Masters Thesis being completed at the University of Regina. The 
project has been designed to investigate factors which may be related to an increased risk of 
back injury in Registered Nurses and Licensed Practical Nurses. The main question the 
study will attempt to answer is whether a difference in back injury risk exists between 
Nurses working 8 and 12 hour shifts. Benefits of the study involve the potential to use the 
information gathered to assist in addressing the issue of back injuries in Nurses. 

Procedures and Risks: 
As part of the above mentioned investigation, information on the biomechanical demands of 
typical nursing duties will be gathered. In order to collect this information you are being 
asked to allow the primary investigator to "shadow" you for an entire working shift as you 
complete your duties. The job tasks you perform during the shift will be tracked and the 
duration, repetition, and force of each movement and posture will be recorded. The primary 
investigator may also ask you questions throughout the shift to qualify or clarify some aspect 
of a task (e.g. "Is the dependency of this patient above, below, or equal to the dependency of 
the typical patient you see?"). Questions may also be asked regarding your perception of 
force required to perform certain tasks (e.g. if you are pushing a cart, "Is the type of force 
required for you to push this cart greater, less than or equal to the force required to push a 
grocery cart weighted with 200 pounds or 5 - 40 pound bags of dog food?"). 

Any task performed during the job shadowing and analysis which you do not feel it 
appropriate for the primary investigator to observe for reasons of patient privacy/comfort 
will not be observed. If this situation does arise, the investigator will ask you after the task is 
complete about specific aspects of the task performed. You may also be asked to mimic, 
without a patient, the postures and movements of the activity. 

You should encounter no risks by participating in this investigation. The purpose of the 
analysis is not to identify if proper techniques or procedures are being used by you, only to 
get a representation of the biomechanical demand encountered in performing regular job 
duties. You will not be required to spend any time while off duty to assist in this project. It 
is expected that this shadowing will occur for one shift only, however, there may be 
instances when all or part of a second shift may need to be observed. 
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Confidentiality 
The data collected from this job shadowing and analysis will not be linked to you in any 
way. The data will be used as a representation of the biomechanical risks encountered in the 
completion of job duties in the unique job you are currently in, it will no way be related back 
to you. The recording sheet used will not have any personal identifier on it and none of the 
information collected will be shared with anyone in a manner that could be related back to 
you or the performance of your job. It is important to note that there are legal limits to 
confidentiality and situations may arise in which the primary investigator would be unable to 
maintain the confidentiality of the data collected (e.g. mandatory reporting of child abuse, 
court subpoena). 

Access to Findings 
A copy of the completed thesis will be given to the Occupational Health and Safety 
Department of the Regina Health District where interested employees may access it. In 
addition, a summary of research findings will be provided to any subject involved, on 
request to the primary investigator. 

Questions or Concerns 
The primary investigator can be contacted at any time before, during, or after the job 
shadowing and biomechanical analysis regarding the procedures and goals of the study. If 
any concerns regarding the process arise prior to, during or after the job shadowing and 
analysis you may contact your Unit Manager, the primary investigator or the Regina Health 
District Contact. 

This project was approved by the Research Ethics Board, University of Regina. If research 
subjects have any questions or concerns about their rights or treatment as subjects, they may 
contact the Chair of the University of Regina Research Ethics Board at e-

. The project has also been approved by the xesekuch 
Ethics Board, Regina Health District. As above, subject may also contact the Regina Health 
District Research Ethics Board at 

Participation and Withdrawal 
At any time during the course of the investigation you are free to withdraw from the study 
without any penalty. Participation is completely voluntary and refusal to participate will in 
no way affect or jeopardize your employment with the Regina Health District. 

I HAVE READ, UNDERSTOOD AND RECEIVED A COPY OF THIS DOCUMENT AND 
AGREE TO PARTICIPATE IN THIS PROJECT UNDER THE TERMS OUTLINED 
ABOVE. 

Signature of Participant Date 

Signature of Primary Investigator Date 

Signature of Witness Date 
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Appendix G: Letter of Understanding with Unions 

February 2, 2000 

X 
Union X 
Saskatchewan 

Dear X: 

Past research has shown the impact back injury has on industrial society. Nursing 
personnel have been shown to be an occupational group at or close to the top of the 
list in regard to occupational back injury incidence. In an effort to add to the body of 
research that already exists in this area, the University of Regina asks for the support 
of the Union X in embarking on an investigation in this area. This investigation is 
part of my Masters Thesis, being completed through the Faculty of Physical Activity 
Studies at the University. 

The investigation would take place in partnership with the Regina Health District, 
with the purpose being to investigate if a difference in back injury incidence exists 
between nurses working 8 and 12 hour shifts. The population of interest is Licensed 
Practical Nurses and Registered Nurses working full-time in the Regina Health 
District (3 acute care and 1 rehab hospital) for the period of January 1, 1996 through 
December 31, 1997. Some data from 1995 will also need to be accessed to account 
for previous experiences of the study subjects. This topic has, to date, not been 
investigated and it is the hope of the researchers involved that this will lead to an 
improved understanding of the issues relating to back injury in this population. 

Part of this investigation will involve the compiling of archival data from 
Occupational Health and Safety, Human Resources, and Payroll databases. As such, 
we are asking the party which represents the Licensed Practical Nurses/Registered 
Nurses employed by the health district, Union X, to provide your consent to the 
researchers to access this information. Attached are details regarding the project to 
ensure you understand what data will be accessed, that the data compiled will be used 
appropriately, and that confidentiality will be ensured. In addition, it is important to 
note that after your approval is obtained the research team will provide you with a 
synopsis of the research project to include in your next newsletter to ensure the 
membership is aware of the project and its intent. 
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we are asking the party which represents the Licensed Practical Nurses/Registered 
Nurses employed by the health district, Union X, to provide your consent to the 
researchers to access this information. Attached are details regarding the project to 
ensure you understand what data will be accessed, that the data compiled will be used 
appropriately, and that confidentiality will be ensured. In addition, it is important to 
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Representatives of the involved departments of the Regina Health District have 
granted their approval for this research to be completed and it is the hope of the 
research team to move forward in compiling this data as soon as possible, pending 
your acceptance of the attached terms. I will be phoning you on Monday February 7th 

to answer any questions you may have and address any concerns regarding the terms 
outlined. If you are comfortable with the terms outlined before this time please sign 
the attached document, or write a brief letter stating your understanding and support 
of the project, and return it to Nancy Turner, Faculty of Physical Activity Studies, 
University of Regina, Regina, Saskatchewan, S4S 0A2. 

Thank you for your time in consideration of this request. I look forward to hearing 
from you. 

Sincerely, 

Nancy Turner 
Graduate Student 
Faculty of Physical Activity Studies 

cc. Peggy Pitfield, Director, Occupational Health and Safety, Regina Health District 
Ralph Nilson, Dean, Faculty of Physical Activity Studies, University of Regina 
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The intent of this document is to establish an understanding regarding the investigation titled 
Back Injuries in Nurses Working 8 and 12 hour Shifts to be completed by Nancy Turner 
(primary investigator) and research team from the University of Regina and gain support for 
this project from the Union X. The primary investigator hopes to access archival data on 
Licensed Practical Nurses/Registered Nurses employed full time in the Regina Health 
District during the period of January 1, 1996 through December 31, 1997. The researchers, 
in completion of this investigation, will adhere to the terms outlined below. 

Terms 

1. Only the data outlined below will be compiled from archival files: 
a. Occupational Health and Safety Back Injury summary reports for injuries 

occurring from January 1, 1995 through December 31, 1997: employee number, 
injury file number, employee name, facility, ward, job status, shift, time, shift 
rotation, date of injury occurrence, cause and type of injury, result of injury (e.g. 
time loss, medical aid). 

b. Human Resources Employee files for Registered Nurses employed from January 
1, 1996 through December 31, 1997: employee number, name, union seniority, 
ward, job title, facility, date of birth, gender, date of hire, employee type, 
employee status and dates of termination or leave if applicable. 

c. Payroll microfiche data dumps for January 1, 1995 through December 31, 1997 
stating hours worked in a given week and shift type worked (i.e. typical duration 
of shift - 8 or 12 hours). 

2. The primary investigator will compile the above data. If any assistance is required in the 
compiling of this information a Regina Health District employee with previous approval to 
access the information, or an individual who has signed a confidentiality agreement with the 
Regina Health District will assist. 

3. All information during and immediately post compilation will be kept in a locked cabinet 
in the office of the primary investigator. Prior to analysis all individual identifiers will be 
removed from the data. The final database, with personal identifiers removed will be stored 
in a locked filing cabinet in the office of the thesis supervisor for a period of 5 years after 
completion of the project as per research guidelines. 

4. Upon its completion, a summary of the results of the investigation will be made available 
to any union member requesting a copy in writing to the primary investigator. A copy of the 
completed thesis will be given to the Regina Health District to allow for access to the 
complete study results. 

On behalf of Union X I agree that I understand and support the above mentioned research 
project. 

Union X Representative Date 

Please print name of representative signing above 
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access the information, or an individual who has signed a confidentiality agreement with the 
Regina Health District will assist.
3. All information during and immediately post compilation will be kept in a locked cabinet 
in the office of the primary investigator. Prior to analysis all individual identifiers will be 
removed from the data. The final database, with personal identifiers removed will be stored 
in a locked filing cabinet in the office of the thesis supervisor for a period of 5 years after 
completion of the project as per research guidelines.
4. Upon its completion, a summary of the results of the investigation will be made available 
to any union member requesting a copy in writing to the primary investigator. A copy of the 
completed thesis will be given to the Regina Health District to allow for access to the 
complete study results.

On behalf of Union XI agree that I understand and support the above mentioned research 
project.

Union X Representative Date

Please print name o f representative signing above
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Article sent as follow-up: 

The purpose of this article is to introduce you to a University of Regina research 
project being completed with the cooperation of the Regina Health District. The aim 
of the study is to assess factors which may be related to an increased risk of back 
injury in Registered Nurses (RNs) and Licensed Practical Nurses (LPNs), specifically 
shift duration. The goal of the project will be to use the knowledge gained from the 
investigation to work with Nurses in the Regina Health District in possibly improving 
their work environment. 

The population of interest is RNs and LPNs working full-time in the Regina Health 
District (3 acute care and 1 rehab hospital) for the period of January 1, 1996 through 
December 31, 1997. Information on RNs and LPNs will be accessed through the 
Occupational Health and Safety and the Human Resources Department. All 
information gathered will be kept confidential, with strict terms and guidelines for its 
use adhered to. In addition, part of the project will involve biomechanical analysis of 
job tasks on various wards in the three hospitals remaining in the Regina Health 
District. This will take place during the months of April, May and possibly June, 
2000 on RNs and LPNs who volunteer to take part in the study. The research team 
involved in this project has obtained support from all Union Locals in the facilities 
representing the study population as well as cooperation from the departments within 
the Health District with whom work will be completed. Ethics approval has also been 
received from both the University of Regina and the Regina Health District Research 
Ethics Boards. 

The topic of back injury as it relates to shift duration has, to date, not been 
investigated. It is the hope of the researchers involved in this project that this will 
lead to an improved understanding of the issues relating to back injury in this 
population. 
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Appendix H: HD Department Letter of Support 

To Whom It May Concern: 

Please accept this as a letter of support and cooperation from the X Department for 
the Research Proposal, Back Injury Reports in Nurses Working 8 and 12 Hour Shifts, 
submitted by Nancy Turner. The X Department agrees, pending ethical approval 
from the University of Regina and the Regina Health District, to allow Ms. Turner 
access to employee files and will assist her, however possible, as she completes the 
above mentioned study. 

Sincerely 

X 
Representative of HD Department 
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Appendix I: Histograms for Continuous Variables 
Age: 
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Months Employed: 

Not Injured Injured 

50 20 

40 

30 

10. 

20 

Std. Dev = 76.73 Std. Dev = 71.34 

Mean = 177.6 Mean = 148.2 

0 qr.,
At N = 389.00 0 N = 98.00 

‘'.0 60 700 7v 7c9 s2 o 89 7 ,.., 40.0 80.0 120.0 160.0 200.0 240.0 280.0 320.0 
-0 .0 e, qo qo qo . . (?0, qc, 60.0 100.0 140.0 180.0 220.0 260.0 300.0 340.0 

Months Employed Months Employed 

143 

Months Employed:

C
O

R
eproduced w

ith perm
ission of the copyright ow

ner. 
F

urther reproduction prohibited w
ithout perm

ission.



R
e
p
ro

d
u
ce

d
 w

ith perm
ission o

f the copyright ow
ner. 

F
u
rth

e
r reproduction prohibited w

ithout perm
ission. 

144 

Seniority: 
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URS: 
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LRS: 
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Appendix J: Histograms for URS post rounding 
URS rounded: 
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Appendix K: Cell Frequencies of Predictor Variables Pre and Post Combination 

Shift Duration: 
Injured 

Shift Duration No Yes 
8 hour 84 35 
12 hour 305 63 

Gender: 
Injured 

Gender No Yes 
Female 375 95 
Male 14 3 

Months Since Previous Injury: 

Pre collapse 
Injured 

Months Since 
Previous Injury 

No Yes 

1 2 2 
2 2 3 
3 6 3 
4 5 1 
5 3 3 
6 6 5 
7 2 5 
8 4 4 
9 2 2 
10 3 3 
11 4 1 
12 3 3 
>12 347 63 

Post Collapse 
Injured 

Months Since 
Previous Injury 

No Yes 

12 months or less 42 35 
>12months 347 63 
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Appendix K: Cell Frequencies of Predictor Variables Pre and Post Combination

Shift Duration:
Injured

Shift Duration No Yes
8  hour 84 35
1 2  hour 305 63

Gender:
Injured

Gender No Yes
Female 375 95
Male 14 3

Months Since Previous Injury:
Pre collapse Post Collapse

Injured
Months Since No YesPrevious Injury
1 2  months or less 42 35
> 1 2 months 347 63

Injured
Months Since No YesPrevious Injury
1 2 2

2 2 3
3 6 3
4 5 1

5 3 3
6 6 5
7 2 5
8 4 4
9 2 2

1 0 3 3
1 1 4 1

1 2 3 3
> 1 2 347 63
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Appendix L: Pearson Correlation Matrix of Continuous Predictor Variables 

Age Seniority 
Months 

Employed 
Average 

URS 
Average 

LRS 

Average 
Previous 

URS 

Average 
Previous 

LRS 

Age 1.00 .454** .533** -.155** -.044 -.135** -.039 

Seniority 1.00 .774** -.064 -.119** -.053 -.105* 

Months Employed 1.00 -.111* -.055 -.101* -.046 

Average URS 1.00 -.228** .977** -.230** 

Average LRS 1.00 -.236** .978** 

Average Previous 1.00 -.223** 
URS 

Average Previous 1.00 
LRS 

* denotes significance (p <.05 but >.01) 
** denotes significance (p < .01) 

Appendix L: Pearson Correlation Matrix of Continuous Predictor Variables

Age Seniority
Months

Employed
Average

URS
Average

LRS

Average
Previous

URS

Average
Previous

LRS

Age 1 . 0 0 .454** .533** -.155** -.044 -.135** -.039

Seniority 1 . 0 0 7 7 4 * * -.064 -.119* * -.053 1 o *

Months Employed 1 . 0 0 -.1 1 1 * -.055 -.1 0 1 * -.046

Average URS 1 . 0 0 -.228** 9 7 7 ** -.230**

Average LRS 1 . 0 0 -.236** 978**

Average Previous 
URS 

Average Previous 
LRS

1 . 0 0 -.223**

1 . 0 0

* denotes significance (p <.05 but >.01) 
** denotes significance (p < .0 1 )
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Appendix M: Cell Frequency of Injury Database Pre and Post Combination 

Pre combination: 

Time into shift coded * 8/12CODE Crosstabulation 

Count 

8/12CODE 

Total 

8 hour 
shift 

worker 

12 hour 
shift 

worker 
I ime within 1st hour 5 4 9 
into within 2nd hour 3 5 8 
shift within 3rd hour 4 9 13 
coded 

within 4th hour 3 5 8 

within 5th hour 3 5 8 
within 6th hour 8 8 
within 7th hour 4 4 8 
within 8th hour 1 6 7 
within 9th hour 6 6 
within 10th hour 5 5 
within 11th hour 2 2 

within 12th hour 1 1 

Total 31 52 83 
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Appendix M: Cell Frequency of Injury Database Pre and Post Combination

Pre combination:
Time into shift coded * 8/12CODE Crosstabulation

Count

8/12CODE

Total

8 hour 
shift 

worker

12 hour 
shift 

worker
lim e within 1s t nour 5 4 9
into within 2nd hour 3 5 8
shlft within 3rd hour 4 9 13
coc*ec* within 4th hour 3 5 8

within 5th hour 3 5 8
within 6th hour 8 8
within 7th hour 4 4 8
within 8th hour 1 6 7
within 9th hour 6 6
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Post Combination: 

Time Segments Coded * 8/12CODE Crosstabulation 

Count 

8/12CODE 

Total 
8 hour shift 

worker 
12 hour shift 

worker 
i ime first 2 hours 8 9 17 
Segments second 2 hours 7 14 21 
Coded third 2 hours 11 5 16 

fourth 2 hours 5 10 15 
fifth 2 hours 11 11 
sixth 2 hours 3 3 

Total 31 52 83 
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Time Segments Coded * 8/12CODE Crosstabulation

Count

8/12CODE

Total
8 hour shift 

worker
12 hour shift 

worker
i ime first 2  nours 8 9 M
S egm en ts second  2 hours 7 14 21
C oded third 2 hours 11 5 16

fourth 2 hours 5 10 15
fifth 2 hours 11 11
sixth 2 hours 3 3

Total 31 52 83
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