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Abstract: A police officer’s career is hazardous and physically demanding. In order to perform
occupational tasks effectively and without injury, officers require adequate physical abilities. The aim
of this study was to investigate the relationship between scores on several fitness tests and
musculoskeletal injury in a group of municipal police officers. This retrospective study used existing
data to examine the relationship between risk of injury and fitness test performance. Injured and
uninjured police officers scored significantly differently on several fitness measures. A multivariate
regression indicated that a combination of age, sex, number of pull ups completed and maximal
oxygen consumption (VO2max) best explained injury risk. Additionally, the findings indicated an
interaction between sex and VO2max, and so the effect of VO2max on injury risk cannot be understood
without accounting for sex.
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1. Introduction

Police officers perform a wide range of tasks while upholding their duty to protect the public
and prevent crime. Even though many of a police officer’s daily duties are sedentary, this career is
hazardous and physically demanding. At any given time, there is potential that a police officer will
be involved in a critical incident fighting for their life or protecting the life of another. In order to
perform occupational tasks effectively and without injury, officers require adequate physical abilities
and readiness.

Physical fitness describes a concept that is different from, and a component of, occupational
physical ability or physical readiness. It has been defined in many ways. A general definition
relates to the ability to carry out daily tasks without fatigue, leaving energy for leisure pursuits
and to meet the physical stresses required in an emergent situation [1]. Physical fitness is a set of
attributes that is related to health, which can be measured with specific tests and can be broken down
into the components of cardiorespiratory endurance, muscular endurance, muscular strength, body
composition, and flexibility [2]. Police officers are expected to have an above average level of physical
fitness to ensure that they can fulfill their duty to protect the community when involved in a critical
incident. If officers are unable to perform their duties or are away from work because of injury or illness,
the community is affected by decreased service, increased response time to emergencies, and increased
cost of maintaining police services.
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The economic and personnel costs of injuries has been an impetus for initiating employee fitness
and wellness programs in a variety of organizations and evidence suggests that such programs may
decrease injuries, absenteeism, and the cost of group health care benefits [3,4]. Police officers who
participate in fitness activities appear less likely to have an injury [5,6]. Physical activity has also
been found to protect against the negative effects of psychological stress [7], improve sleep [8] and
may also lend to decreases in depression [9]. There has also been a significant association reported
between lower aerobic fitness and increased injury risk [10–12]. Being responsible for public safety,
police officers have a psychologically and physiologically demanding job and must have good mental
and physical health in order to do their duty.

Police officer injury is an important public health problem not only because the incidence of
injuries to police officers is higher than in most other occupations [13] but also because having police
officers absent from work affects the safety of the community. On average, in the U.S. and Australia,
police have been found to have an injury rate three times greater than that for all other workers [14,15].
In one municipality, police injury accounted for 48% of all emergency responder injuries compared to
fire and emergency medical services who reported 36% and 18% of the total injuries respectively [16].

Research examining the relationship between physical fitness test scores and the occurrence of
musculoskeletal injuries (MSIs) in police officers is very inadequate. In a recent systematic review, only
four studies examining the relationship between fitness and injury in police officers were identified [17].
Therefore, evidence of relationships between many aspects of physical fitness and occupational injury
is limited.

The aim of this study was to investigate the relationship between scores on several fitness tests and
musculoskeletal injury in a group of municipal police officers. The main hypothesis was that the mean
scores on fitness tests would differ between injured and uninjured police officers. We investigated the
risk of injury and fitness test performance to identify whether different components of fitness have
differing relationships to injury.

2. Materials and Methods

2.1. Research Design

This was a retrospective study of active police officers in a municipal police service in Western
Canada. The study received ethical approval from the University of Alberta Ethics Review Board.
The yearly mean number of officers in this service during the study period was 1674 [18]. A secondary
data analysis was completed to examine the relationship between physical fitness and injury in active
police officers. Fitness data included fitness test scores from annual fitness testing that were recorded
at the time of testing in Excel by fitness unit employees (see Appendix A for more details of the fitness
test). Fitness unit employees were employed by the police service and were either certified through the
Canadian Society of Exercise Physiologists or the National Strength and Conditioning Association.
Any MSIs that affected a police officer’s ability to work in full capacity, including those injuries that
were not work-related, were self-reported to the police service. Injury data was recorded by the police
service using specialized injury report software. Data were extracted from these databases by the data
manager. To maintain anonymity, an employee of the police service removed names and changed
identification numbers in the data sets prior to providing the data to the researchers. The data were
obtained with permission from the police service and according to Alberta’s Freedom of Information
and Protection of Privacy Act.

2.2. Sampling

The subjects included all active police officers in the police service who completed annual fitness
testing between 1 January 2013 and 2 June 2016. Since fitness testing is mandatory until the age of
45, only those police officers that were 45 years of age and under during the observation period were
included. During this time period, officers complete more than one fitness test. However, the scores
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for only one fitness test per subject was included in the analysis. For injured officers, scores from the
last fitness test prior to injury were used. In total, data on 1006 subjects were available for the study.

2.3. Fitness Variables

The annual fitness test consisted of several field tests and included measures of body mass, body fat
percentage, hand grip strength, vertical jump height, leg power, pull-ups, kilograms pulled, push-ups,
plank time, and maximal oxygen consumption (VO2max). VO2max was measured in 1 of 2 different ways
during testing, either indirectly measured using the 20 m shuttle run test or directly measured using
a cycle or treadmill ergometer. Less than 10% of subjects had VO2max directly measured. Research
indicates that the results of either measure are comparable and valid measures of VO2max [19,20].
The mean scores between the shuttle run and direct measure did not vary significantly, and so the
values were combined in the analysis. Since 90% of participants were tested using the same method of
estimating VO2max and the correlation between various methods of VO2max is very high, comparisons
between individuals should be valid. The 20 m shuttle run qualifies legally as a bona fide occupational
test for physically demanding public safety occupations and therefore is considered an appropriate
and accurate measure for this study [21].

2.4. Definition of Injury

For the purpose of this study, musculoskeletal injury is defined as any injury to a joint or bone
identified in the medical data with diagnoses of dislocation, fracture, knee ligament injury, knee
meniscus tear, non-specific pain, or sprain/strain. Any duplicate data were identified based on the
participant number, injury date, and body part injured and were removed prior to analysis. Only the
first recorded injury was included in the analysis.

2.5. Analysis of Data

A descriptive analysis included means and standard deviations for continuous variables (fitness
scores) and proportions and frequencies for discrete variables (sex, injury status, injury diagnosis,
injury site). The significance of the differences in means was examined using a student’s t-test. Odds
ratios (OR) and 95% confidence intervals (CI) were used to compare risks between groups. A p-value
of 0.05 or less was considered significant.

A matched case-control analysis was conducted to determine the relationship between fitness test
scores and musculoskeletal injury (MSI). Participants had a staggered entry in to the study and fitness
test date was a time dependent variable in relation to injury. To adjust for possible temporal variation
in training protocols or work activity, each case was matched on the date of fitness test, with 2 controls.
For cases, the fitness test used in the analysis was the test completed just prior to injury. Controls were
matched with cases by a fitness test within ±30 days of the date that fitness testing was complete by
their matched cases. Injury was a dichotomous independent variable (injured or not injured) when
multivariable logistic regression was used to determine the effects of fitness scores on injury. Initially,
univariate OR and 95% CI were estimated for each of the fitness measures. For the multivariable
analysis, purposeful selection method was used for the model building [22]. Effect modification was
explored between the variables in the main effects model and any significant interaction terms were
included in the final model. The sample size available was adequate to determine an odds ratio of
approximately 1.20 or greater for the relationship between fitness test scores and musculoskeletal injury
with a level of significance 0.05 and 80% statistical power. All statistical analyses were performed on
SAS® software, Version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA).
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3. Results

3.1. Descriptive Analysis

Initially, there were 1357 subjects and 481 injuries. After matching, 1006 subjects including
336 injured subjects remained for analysis. Subjects had a mean age of 39.7 years (SD = 5.8), where the
greatest proportion of the police officers were over 40 years of age (Figure 1). Females accounted for
14.5% of the subjects and had a mean age of 38.4 (SD = 6.3) years, whereas males had a mean age of
40.0 (SD = 5.7) years. Years of service was similar between sexes, where females had an average of
14.4 (SD = 9.0) and males had an average of 14.1 (SD = 6.6) years of service. During the study period,
there were 336 new MSIs reported and 89.3% of these injuries were diagnosed as sprains and strains.
Females accounted for 17.9% of the injured subjects.
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Figure 1. Distribution by age group and sex.

3.2. Difference in Mean Scores

The mean fitness test scores for all subjects are summarized in Table 1. Not all the subjects did all
the fitness tests, and so sample sizes (n) are shown to describe the missing data. There were significant
differences in fitness test scores between injured and uninjured subjects in all measures except body fat
percentage, body mass, heart rate, left grip strength, and combined grip strength. Injured subjects
scored higher on fitness tests including right hand grip strength, vertical jump, leg power, pull ups,
kilograms pulled, pushups, speed, maximal oxygen consumption (VO2max), and plank time.
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Table 1. Distribution of fitness test scores by uninjured and injured.

Uninjured Injured

Test n Mean SD Minimum Maximum n Mean SD Minimum Maximum p-Value

Body Mass (kg) 661 87.20 12.05 60.53 128.40 332 86.34 13.93 52.72 165.30 0.34
Body Fat (%) 670 20.50 6.17 10.30 44.70 332 20.24 6.95 4.40 43.00 0.56

Heart Rate (bpm) 667 74.81 10.57 48.00 95.00 323 74.88 13.25 47.00 118.00 0.94
Grip Strength Right (kg) 670 48.12 10.25 32.00 78.00 336 51.75 12.31 18.00 86.00 0.0001
Grip Strength Left (kg) 670 50.85 10.86 28.00 75.00 335 49.56 12.19 12.00 84.00 0.10

Grip Strength (kg) 670 98.97 20.54 60.00 153.00 335 101.39 24.00 30.00 169.00 0.12
Vertical Jump (inches) 667 108.92 5.72 93.50 117.00 323 110.8 6.96 90.50 128.00 <0.0001

Leg Power (Watts) 667 4820.98 847.89 2247.62 6930.40 319 5167.34 1490.50 318.98 24407.39 <0.0001
Pull Ups (n) 641 4.45 5.69 0.00 15.00 316 6.94 5.81 0.00 24.00 0.0001

Amount Pulled (kg) 641 384.41 490.41 0.00 1295.19 313 593.07 487.87 0.00 1915.43 0.0001
Push Ups 669 28.7 11.24 10.00 54.00 324 32.49 10.75 0.00 67.00 0.0001

Speed (km/hr) 471 11.79 1.14 10.00 13.50 300 11.98 1.01 8.25 14.50 0.02
VO2 Max (mL/kg/min) 508 42.24 5.86 32.59 53.60 316 44.02 6.70 20.58 59.60 0.0001

Plank Time (min) 670 2.56 1.02 0.77 5.00 328 2.69 0.91 0.13 5.73 0.04
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3.3. Logistic Regression Analysis

The univariate analysis indicated that age, sex, vertical jump height, leg power, number of pull
ups completed, kilograms pulled, number of push-ups completed and VO2max were significantly
associated with experiencing MSI (Table 2). The multivariable logistic regression analysis indicated that
the main effects model that was significant and best described increased injury risk included decreased
age, female sex, decreased number of pull ups, and increased VO2max (Table 3). The predictor variables
in the final model were centered around the mean. The measure of the effect of VO2max on injury was
significantly modified by sex, and so the interaction between sex and VO2max was also included in the
final model. For a one-unit increase in VO2max, females were 1.59 times more likely to have an injury,
whereas males were 0.97 times less likely to have an injury.

Table 2. Univariate results from logistic regression.

Variable OR 95% CI p-Value

Age (years) * 0.51 0.44–0.59 <0.0001
Sex (female) 1.48 1.03–2.12 0.034

Body Mass (kg) 1.00 0.99–1.01 0.327
Body Fat (%) 0.99 0.97–1.02 0.510

Combined Grip (kg) 1.01 1.00–1.01 0.061
Vertical Jump (inches) 1.05 1.03–1.07 <0.0001

Leg Power (Watts) 1.00 1.00–1.00 <0.0001
Pull Ups (n) * 1.04 1.02–1.05 <0.0001

Kg Pulled 1.00 1.00–1.00 <0.0001
Push Up (n) 1.04 1.02–1.05 <0.0001

Vo2max (mL/kg/min) * 1.07 1.04–1.09 <0.0001
Plank Time (min) 1.15 0.99–1.32 0.636

* Mean centered.

Table 3. Results from the multivariable logistic regression.

Variable Odds Ratio 95% Confidence Limits

Age (years) * 0.55 0.50 0.61
Sex (female) 1.77 0.56 5.58

Pull Ups * (n) 0.99 0.96 1.02

VO2max (mL/kg/min) * Male 0.97 0.92 1.02
Female 1.59 1.32 1.91

* Mean centered.

4. Discussion

4.1. Findings

The objective of this study was to determine the relationship between several fitness test scores
and the risk of musculoskeletal injury in a group of municipal police officers in Western Canada.
A multivariate regression indicated that a combination of decreased age, female sex, decreased number
of pullups, and increased VO2max best explained increased injury risk. The number of pull-ups and
VO2max are general indicators of strength and aerobic fitness that may be related to a variety of MSIs,
although specific injury mechanisms are not clear at this point due to limitations in available data.
Additionally, the findings indicated an interaction between sex and VO2max, and so the effect of VO2max

on injury risk cannot be understood without accounting for sex.

4.2. Fitness and Injury

Some police studies have found that officers who engage in fitness training were less likely
to experience an injury reportable to occupational health [23] and police officers with the highest
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self-reported fitness levels were less likely to experience sprains or strains than those who considered
themselves less fit [6]. In contrast, it has also been reported that police officers who collected workers’
compensation were more fit than those who did not [24]. The conflicting findings could be due to
several factors including differing methodologies and varying definitions of fitness level, physical
activity level, and/or injury. The current study found that an increased fitness level and increased
VO2max was a risk factor for injury within females. However, this finding should be further investigated.
Research investigating the mechanism of injury in police, military, and firefighters has highlighted that
participation in sport or fitness activities is a common mechanism for injury in these groups and account
for approximately 30% of non-work-related injuries [25–28]. Other injury research involving healthy
adults indicates that participating in physical activity, including higher volumes of aerobic exercise
(300 min/week-1), is associated with an increased risk of both acute MSIs and recurrent MSIs [29] and
that the risk of sustaining an activity-related injury is increased with a higher duration of physical
activity per week [30]. The proportion of healthy men and women with activity-related injury also
increased with higher cardiovascular fitness levels and highly fit men had almost four times the risk of
MSIs compared to that of men in the lowest cardiorespiratory fitness category [30].

Nabeel et al. (2007) classified people with a high level of physical activity as exercising at least
30 min twice per week [6] and found that police officers who were more physically active were more
resistant to injury. However, this definition of activity does not even meet the “low-dose aerobic
exercise” definition used by Brown et al. (2017) who found a dose-response relationship between
physical activity and injury risk [29]. Given that increased physical activity (in duration and intensity)
increases cardiorespiratory fitness (i.e., VO2max), this may explain the conflicting information regarding
the relationship between physical activity and injury as well as the association between increased
VO2max and injury risk observed in this study. It may be exposure to the exercise that increased injury
risk, rather than injury being a result of high cardiovascular fitness.

4.3. Pull Ups

Very little research has investigated the relationship between pull ups and occupational injury.
Two studies involving male military trainees [31,32] and one examining Federal Bureau of Investigation
trainees [26] concluded that there was no association between the number of pull ups performed and
risk of MSIs. Another study indicated a significant univariate association between increased pull ups
completed and a decreased risk of MSIs in male and female British army recruits [33]. In a more recent
study, Swedish Armed Forces marines entering the training course who performed fewer than four
pull-ups were at increased risk for lower back pain (HR 1.9, 95% CI 1.2 to 3.0) [34]. No studies were
located investigating this relationship in active duty police officers or police recruits. In the current
study, an increased number of completed pull ups was indicated in the main effects model as being
protective of injury (OR 0.89, 95% CI 0.80 to 0.98). However, this significance disappeared in the
interaction model.

4.4. Age

Increased age has been found to be a risk factor for injury in the general working population [35–37].
However, for police officers, this does not appear to be reflected as increased age appears to be a
protective factor for injury [15,38,39]. This was also indicated in the current study where increased
age was associated with a decreased injury risk (OR 0.55; 95% CI 0.50–0.61). This decreased risk with
increased age may be a proxy for the task differences between junior and senior police officers.

Police officers’ work-related injuries primarily occur when apprehending and detaining a
noncompliant or assaultive suspect [40] and can account for 31.5% to 61.7% of officer injuries [27,41].
The likelihood of apprehending suspects is related to the position in which an officer works. Officers
working in front line positions (i.e., patrol) are more likely to apprehend suspects than those working in
more investigative or administrative areas. In the participating police agency, patrol is the first position
that new officers work in once they finish recruit training and often remain there for a minimum of 3 to
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5 years. Research supports that it is during these first five years that police officers are most likely to get
injured at work [23]. This is likely why younger police officers and those with fewer years of service are
more likely to become injured, because their daily duties put them at increased risk for injury through
greater exposure to suspects and the opportunity to arrest them. The number of years served was not
included in the analysis because it was highly correlated with age and had a strong relationship with
injury. The main research question was examining the relationship between fitness and injury, but
years of service cannot be entirely ignored. It has also been suggested that the risk of injury associated
with age is different between sexes. In a previous study examining the relationship between sex, age
and injury, younger females (age 20–29) had more time loss claims but this difference was modified
for older police officers. At age 30, as age increased, males continued to have a greater proportion of
injuries compared to females [42]. The current study did not identify a significant interaction between
age and sex in relation to injury (p = 0.15).

4.5. Sex

Overall, the relationship between sex and injury potential in police has not been well investigated.
This may be due to females being a minority in this occupation. For example, in 2017, only 12.5% of
law enforcement officers in the United States were female [43], whereas, in Canada, females accounted
for 21% of all sworn officers during this same time [18]. As more women enter policing, the number of
female police officers who are hurt on the job appears to increase [42]. However, as the number of
female police officers is generally low, small changes can result in large percentage changes falsely
indicating that females are more likely to become injured than males. Proper comparisons and careful
evaluation of data need to be made. It is possible that the increased likelihood of injury for females
may not be related to their roles or performance as police officers but to other activities external to
their job such as sport or fitness activities [25,44].

4.6. Limitations

A limitation of this study, which is common to studies using secondary data, is that the information
was recorded for a reason other than research. Additionally, there was no information regarding the
mechanism of injury. Though the injuries recorded affected the police officer’s ability to work at full
capacity, information regarding how the officer became injured was not available.

The definition of injury can influence the apparent relationship between fitness measures and
injury in police officers. In this study, and the literature referred to in this paper, we have referred
to MSIs. MSIs involve damage to bone, ligaments, tendons, muscle and cartilage. In research,
injures are identified through self-report [6,25], workers’ compensation claims [23], or reports to the
employer [28,45]. Injuries that occur during physical activity may or may not be reported to workers’
compensation but may be reported to the employer if the injured worker is not able to work to their
full capacity. This lack of a common definition limits the ability to directly compare study results.

5. Conclusions

The objective of this study was to determine the relationship between several fitness test scores and
risk of musculoskeletal injury in a group of municipal police officers in Western Canada. A multivariate
regression indicated that a combination of age, sex, number of pull ups completed and VO2max best
explained injury risk. Additionally, the findings indicated an interaction between sex and VO2max, and
so the effect of VO2max on injury risk cannot be understood without accounting for sex.

Including the analysis of injury mechanism would also clarify the relationship between fitness
and work-related injury. The fitness tests included in this study were general fitness tests. Examining
the relationship between occupational-specific fitness test performances in relation to work-related
injury is also recommended. Looking in more detail at the relationships between injury mechanism,
fitness and occupational-specific fitness test performances will add insight into prevention strategies.
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Appendix A

Body mass was measured and recorded in pounds and converted to kilograms as metric measures
are required for calculations of maximal oxygen consumption and leg power.

Percent body fat was measured through bioelectric impedance using the Inbody 520 body
composition analyzer. Bioelectric impedance sends a low-level electrical current though the body
which travels at different speed through different body tissues. The rate at which the current passes
through the body is used to calculate the body’s fat free mass and thus the body fat percentage.

Grip strength was measured bilaterally using a Smedly hand dynamometer 12-028IJ. The subject
holds the dynamometer in the hand to be tested, with their elbow at a right angle by the side of the
body. The base should rest on heel of palm and the handle should rest on middle of four fingers. When
ready the subject squeezes the dynamometer with maximum effort for approximately 5 s. No other
body movement is allowed. The highest measure of three tests for each hand was used and added
together to get the grip strength value.

Vertical jump height was measured using a Vertec device which is comprised of plastic swivel
vanes arranged in half-inch (1.25 cm) increments which are attached to a metal pole that can be adjusted
to the test subject’s reach height. It requires the subject to use their dominant hand to displace the
highest possible vane with an overhead arm swing at the peak of their jump indicating the jump height.

Leg power was calculated using the Sayers Equation which estimates peak power output (Peak
Anaerobic Power output or PAPw) from the vertical jump;

PAPw (Watts) = 60.7 × jump height (cm) + 45.3 × body mass (kg) − 2055

Pull-ups were counted starting from a dead hang (arms are straight, and the body is unsupported).
Hands faced forward and shoulder width apart. There is no kipping or assisting by movement of the
lower body allowed and the chin must be raised above the bar for the pull-up to be counted.

Poundage pulled by the upper body was calculated by multiplying the subject’s weight by the
number of pull-ups completed.

Number 90◦ push-ups were counted with cadence of 80 beats per minute. Subjects start with their
chest on the ground and then perform push-ups to the cadence. The arms must fully extend at the end
of the upward movement and elbows must bend to a 90◦ degree angle prior to the subject pushing up
again. Push-ups are counted until the subject can no longer keep proper form within the cadence.

Plank time was considered the length of time a subject can hold a plank position. This position
involves the subject having their elbows, forearms and toes on the ground while holding the rest of
their body off the ground in a prone position. The body is to remain straight and once the subject can no
longer hold the position; they are considered to have held the plank position to their maximum time.

www.work.alberta.ca/ohsfutures
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VO2max was measured in two different ways. Each participant has only one measure. Less than
10% of subjects had VO2max directly measured. The mean scores between the shuttle run and direct
measure did not vary, and so the values were combined in the analysis.

1. The 20 m shuttle run (n = 1044) test involves subjects running back and forth on a 20 m course at
various speeds ranging from 7–14 km/h. The pace is set with pre-recorded audio signals emitted
at specific frequencies and subjects must complete the 20 m run within the decreasing interval
times. Subjects are instructed to complete as many stages as possible and the test is stopped when
the individual is no longer able to follow the pace. The last stage completed is recorded.

Retro-extrapolation from the 20 m shuttle run stage completed using the Leger formula;

31.025 + (3.238× shuttle run stage) − (3.248× 18) + (0.1536× shuttle run stage× 18)

2. Direct measure VO2 max (N = 51) was measured by putting a face mask on the subject and directly
measuring the volume and gas concentrations of inspired and expired air. The test involves
either exercising on a treadmill or a bike at an intensity that increases every few minutes until
exhaustion and is designed to achieve a maximal effort.

When compared to direct measures of aerobic power, the 20 m shuttle run using the Leger formula
is a valid and reliable method for estimating aerobic power [19,20].

References

1. Vanhees, L.; Lefevre, J.; Philippaerts, R.; Martens, M. How to Assess Physical Activity? How to Assess
Physical Fitness? Eur. J. Cardiovasc. Prev. Rehabil. 2015, 12, 102–114. [CrossRef]

2. Caspersen, C.J.; Christenson, G.M. Physical Activity, Exercise, and Physical Fitness: Definitions and
Distinctions for Health-Related Research. Public Health Rep. 1985, 100, 126–131. [PubMed]

3. Salmon, P. Effects of Physical Exercise on Anxiety, Depression, and Sensitivity to Stress: A Unifying Theory.
Clin. Psychol. Rev. 2001, 21, 33–61. [CrossRef]

4. Quigley, A. Fit for Duty? The Need for Physical Fitness Programs for Law Enforcement Officers - Police
Chief Magazine. Police Chief Mag. 2008, 75, 62–64.

5. International Association of Chiefs of Police. Reducing Officer Injuries: Final Report; International Association
of Chiefs of Police: Alexandria, VA, USA, 2013.

6. Nabeel, I.; Baker, B.A.; McGrail, M.P.; Flottemesch, T.J. Correlation between Physical Activity, Fitness, and
Musculoskeletal Injuries in Police Officers. Minn. Med. 2007, 90, 40–43. [PubMed]

7. Gebhardt Deborah, L.; Crump, C.E. Employee Fitness and Wellness Programs in the Workplace. - Western
Michigan University (Alma). Am. Psychol. 1990, 45, 262–272. [CrossRef]

8. Robbins, R.; Jackson, C.L.; Underwood, P.; Vieira, D.; Jean-Louis, G.; Buxton, O.M. Employee Sleep and
Workplace Health Promotion: A Systematic Review. Am. J. Heal. Promot. 2019, 33, 1009–1019. [CrossRef]

9. Mead, G.; Morley, W.; Campbell, P.; Greig, C.; Mcmurdo, M.; Lawlor, D. Exercise for Depression (Review).
Cochrane Collab. 2010, 3, 1–51.

10. Poplin, G.S.; Roe, D.J.; Peate, W.; Harris, R.B.; Burgess, J.L. The Association of Aerobic Fitness with Injuries
in the Fire Service. Am. J. Epidemiol. 2014, 179, 149–155. [CrossRef]

11. Wynn, P.; Hawdon, P. Cardiorespiratory Fitness Selection Standard and Occupational Outcomes in Trainee
Firefighters. Occup. Med. (Chic. Ill.) 2012, 62, 123–128. [CrossRef]

12. Boyce, R.W.; Hiatt, A. Physical Fitness of Police Officers as They Progress from Supervised Recruit to
Unsupervised. Wellness Perspect. 1992, 8, 31.

13. Gu, J.K.; Charles, L.E.; Fekedulegn, D.; Ma, C.C.; Andrew, M.E.; Burchfiel, C.M. Prevalence of Injury in
Occupation and Industry: Role of Obesity in the National Health Interview Survey 2004 to 2013. J. Occup.
Environ. Med. 2016, 58, 335–343. [CrossRef] [PubMed]

14. Tiesman, H.M.; Gwilliam, M.; Konda, S.; Rojek, J.; Marsh, S. Nonfatal Injuries to Law Enforcement Officers:
A Rise in Assaults. Am. J. Prev. Med. 2018, 54, 503–509. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/00149831-200504000-00004
http://www.ncbi.nlm.nih.gov/pubmed/3920711
http://dx.doi.org/10.1016/S0272-7358(99)00032-X
http://www.ncbi.nlm.nih.gov/pubmed/17966263
http://dx.doi.org/10.1037/0003-066X.45.2.262
http://dx.doi.org/10.1177/0890117119841407
http://dx.doi.org/10.1093/aje/kwt213
http://dx.doi.org/10.1093/occmed/kqr206
http://dx.doi.org/10.1097/JOM.0000000000000670
http://www.ncbi.nlm.nih.gov/pubmed/27058472
http://dx.doi.org/10.1016/j.amepre.2017.12.005
http://www.ncbi.nlm.nih.gov/pubmed/29395571


Int. J. Environ. Res. Public Health 2019, 16, 4667 11 of 12

15. Gray, S.E.; Collie, A. The Nature and Burden of Occupational Injury among First Responder Occupations:
A Retrospective Cohort Study in Australian Workers. Injury 2017, 48, 2470–2477. [CrossRef] [PubMed]

16. Suyama, J.; Rittenberger, J.C.; Patterson, P.D.; Hostler, D. Comparison of Public Safety Provider Injury Rates.
Prehospital Emerg. Care 2009, 13, 451–455. [CrossRef] [PubMed]

17. Lentz, L.; Randall, J.R.; Gross, D.P.; Senthilselvan, A.; Voaklander, D. The Relationship between Physical
Fitness and Occupational Injury in Emergency Responders: A Systematic Review. Am. J. Ind. Med. 2019, 62,
3–13. [CrossRef]

18. Conor, P. Police Resources in Canada, 2017. In Juristat; Statistics Canada: Ottawa, ON, Canada, 2018.
19. Mayorga-Vega, D.; Aguilar-Soto, P.; Viciana, J. Criterion-Related Validity of the 20-m Shuttle Run Test for

Estimating Cardiorespiratory Fitness: A Meta-Analysis. J. Sport. Sci. Med. 2015, 14, 536–547.
20. Léger, L.A.; Lambert, J. A Maximal Multistage 20-m Shuttle Run Test to Predict {Mathematical Expression}O2

Max. Eur. J. Appl. Physiol. Occup. Physiol. 1982, 49, 1–12. [CrossRef]
21. Gumieniak, R.J.; Jamnik, V.K.; Gledhill, N. Catalog of Canadian Fitness Screening Protocols for Public

Safety Occupations That Qualify as a Bona Fide Occupational Requirement. J. Strength Cond. Res. 2013, 24,
1168–1173. [CrossRef]

22. Hosmer, D.W.; Lemeshow, S.; May, S.M. Applied Survival Analysis: Regression Modeling of Time-to-Event Data,
2nd ed.; Wiley: New York, NY, USA, 2008; Volume 41.

23. International Assoc of Chiefs of Police United States of America. Reducing Officer Injuries Final Report: A
Summary of Data Findings and Recommendations from a Multi-Agency Injury Tracking Study; International Assoc
of Chiefs of Police United States of America: Alexandria, VA, USA, 2013.

24. Boyce, R.W.; Hyatt, A.R.; Jones, G.R. Workers’ Compensation Claims and Physical Fitness Capacity of Police
Officers. Health Values 1992, 16, 22–29.

25. Thériault, F.L.; Gabler, K.; Naicker, K. Health and Lifestyle Information Survey of Canadian Armed Forces Personnel
2013/2014—Regular Force Report; Statistics Canada: Ottawa, ON, Canada, 2016.

26. Knapik, J.J.; Grier, T.; Spiess, A.; Swedler, D.I.; Hauret, K.G.; Graham, B.; Yoder, J.; Jones, B.H. Injury Rates
and Injury Risk Factors among Federal Bureau of Investigation New Agent Trainees. BMC Public Health
2011, 11. [CrossRef] [PubMed]

27. Larsen, B.; Aisbett, B.; Silk, A. The Injury Profile of an Australian Specialist Policing Unit. Int. J. Environ. Res.
Public Health 2016, 13, 370. [CrossRef] [PubMed]

28. Poplin, G.S.; Harris, R.B.; Pollack, K.M.; Peate, W.F.; Burgess, J.L. Beyond the Fireground: Injuries in the Fire
Service. Inj. Prev. 2012, 18, 228–233. [CrossRef] [PubMed]

29. Brown, J.C.; Schmitz, K.H. The Dose-Response Effects of Aerobic Exercise on Musculoskeletal Injury: A Post
Hoc Analysis of a Randomized Trial. Res. Sport. Med. 2017, 25, 277–289. [CrossRef] [PubMed]

30. Hootman, J.M.; Macera, C.A.; Ainsworth, B.E.; Martin, M.; Addy, C.L.; Blair, N. Association among Physical
Activity Level, Cardiorespiratory Fitness, and Risk of Musculoskeletal Injury. Am. J. Epidemiol. 2001, 154,
251–258. [CrossRef]

31. Lisman, P.; O’Connor, F.G.; Deuster, P.A.; Knapik, J.J. Functional Movement Screen and Aerobic Fitness
Predict Injuries in Military Training. Med. Sci. Sports Exerc. 2013, 45, 636–643. [CrossRef]

32. Taanila, H.; Suni, J.H.; Kannus, P.; Pihlajamäki, H.; Ruohola, J.P.; Viskari, J.; Parkkari, J. Risk Factors of
Acute and Overuse Musculoskeletal Injuries among Young Conscripts: A Population-Based Cohort Study
Epidemiology of Musculoskeletal Disorders. BMC Musculoskelet. Disord. 2015, 16. [CrossRef]

33. Blacker, S.D.; Wilkinson, D.M.; Bilzon, J.L.J.; Rayson, M.P. Risk Factors for Training Injuries among British
Army Recruits. Mil. Med. 2008, 173, 278–286. [CrossRef]

34. Monnier, A.; Larsson, H.; Nero, H.; Djupsjöbacka, M.; Äng, B.O. A Longitudinal Observational Study of Back
Pain Incidence, Risk Factors and Occupational Physical Activity in Swedish Marine Trainees. BMJ Open
2019, 9, 1–14. [CrossRef]

35. Kenny, G.P.; Yardley, J.E.; Martineau, L.; Jay, O. Physical Work Capacity in Older Adults: Implications for the
Aging Worker. Am. J. Ind. Med. 2008, 51, 610–625. [CrossRef]

36. Buckwalter, J.A.; Woo, S. Age-Related Changes in Ligaments and Joint Capsules: Implications for Participation
in Sports. Spors Med. Arthrosc. Rev. 1996, 4, 250–262. [CrossRef]

37. Bande, R.; López-Mourelo, E. The Impact of Worker’s Age on the Consequences of Occupational Accidents:
Empirical Evidence Using Spanish Data. J. Labor Res. 2015, 36, 129–174. [CrossRef]

http://dx.doi.org/10.1016/j.injury.2017.09.019
http://www.ncbi.nlm.nih.gov/pubmed/28964511
http://dx.doi.org/10.1080/10903120903144908
http://www.ncbi.nlm.nih.gov/pubmed/19731156
http://dx.doi.org/10.1002/ajim.22929
http://dx.doi.org/10.1007/BF00428958
http://dx.doi.org/10.1519/JSC.0b013e3182667167
http://dx.doi.org/10.1186/1471-2458-11-920
http://www.ncbi.nlm.nih.gov/pubmed/22166096
http://dx.doi.org/10.3390/ijerph13040370
http://www.ncbi.nlm.nih.gov/pubmed/27023586
http://dx.doi.org/10.1136/injuryprev-2011-040149
http://www.ncbi.nlm.nih.gov/pubmed/22117024
http://dx.doi.org/10.1080/15438627.2017.1314295
http://www.ncbi.nlm.nih.gov/pubmed/28385043
http://dx.doi.org/10.1093/aje/154.3.251
http://dx.doi.org/10.1249/MSS.0b013e31827a1c4c
http://dx.doi.org/10.1186/s12891-015-0557-7
http://dx.doi.org/10.7205/MILMED.173.3.278
http://dx.doi.org/10.1136/bmjopen-2018-025150
http://dx.doi.org/10.1002/ajim.20600
http://dx.doi.org/10.1097/00132585-199600430-00006
http://dx.doi.org/10.1007/s12122-015-9199-7


Int. J. Environ. Res. Public Health 2019, 16, 4667 12 of 12

38. Sullivan, C.S.B.; Shimizu, K.T. Epidemiological Studies of Work-Related Injuries among Law Enforcement
Personnel. Occup. Med. (Chic. Ill) 1988, 38, 33–40. [CrossRef] [PubMed]

39. Reichard, A.A.; Jackson, L.L. Occupational Injuries among Emergency Responders. Am. J. Ind. Med. 2010, 53,
1–11. [CrossRef] [PubMed]

40. Lyons, K.; Radburn, C.; Orr, R.; Pope, R. A Profile of Injuries Sustained by Law Enforcement Officers:
A Critical Review. Int. J. Environ. Res. Public Health 2017, 14, 142. [CrossRef]

41. Brandl Steven, G.; Stroshine, M.S.; Brandl, S.G.; Stroshine, M.S. Toward and Understanding of the Physical
Hazards of Police Work. Police Q. 2003, 6, 3–6. [CrossRef]

42. Cohen, I.M.; Garis, L. Determinants of Injury and Death in Canadian Police Officers; Centre for Criminal Justice
Research: Abbotsford, BC, Canada, 2018.

43. U.S. Department of Justice. Crime in the United States, 2017. In Uniform Crime Report; U.S. Department of
Justice: Washington, WA, USA, 2018.

44. De Loës, M.; Jansson, B. Work-Related Acute Injuries from Mandatory Fitness Training in the Swedish Police
Force. Int. J. Sports Med. 2002, 23, 212–217. [CrossRef]

45. Clompus, S.R.; Albarran, J.W. Exploring the Nature of Resilience in Paramedic Practice: A Psycho-Social
Study. Int. Emerg. Nurs. 2016, 28, 1–7. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/occmed/38.1-2.33
http://www.ncbi.nlm.nih.gov/pubmed/2967402
http://dx.doi.org/10.1002/ajim.20772
http://www.ncbi.nlm.nih.gov/pubmed/19894221
http://dx.doi.org/10.3390/ijerph14020142
http://dx.doi.org/10.1177/1098611103006002003
http://dx.doi.org/10.1055/s-2002-23181
http://dx.doi.org/10.1016/j.ienj.2015.11.006
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Research Design 
	Sampling 
	Fitness Variables 
	Definition of Injury 
	Analysis of Data 

	Results 
	Descriptive Analysis 
	Difference in Mean Scores 
	Logistic Regression Analysis 

	Discussion 
	Findings 
	Fitness and Injury 
	Pull Ups 
	Age 
	Sex 
	Limitations 

	Conclusions 
	
	References

