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Abstract 
 

Tactical populations, inclusive of firefighters, military, and law enforcement, play a significant 

role in maintaining the safety and well-being of the general public. Tactical personnel face unique 

occupational demands that result in an increased risk of injury. Injuries in these populations have 

multiple downstream effects, such as increased risk of further injury, time away from work, and 

higher organisational costs. Adequate physical fitness is vital to ensure that the physically 

demanding occupational tasks undertaken by this population (e.g., suspect pursuit, victim drag, 

load carriage) are performed effectively. Furthermore, physical fitness has been demonstrated to 

assist in maintaining long term physical and mental health of personnel. Training and methods to 

increase physical fitness, while resulting in positive benefits, are also a means of increasing 

injury risk. It is therefore necessary to identify strategies to balance the positive (e.g., improved 

physical fitness, health benefits) and negative (e.g., injury risk) of physical training.  

Methodologies which aim to reduce injury risk while improving physical fitness are of vital 

importance to both tactical populations and the general public which they aim to protect. Optimal 

training load, one which enhances fitness while not exposing individuals to unnecessarily high 

injury risk, is an important element in training tactical personnel. Monitoring training load is 

crucial to ensure an appropriate level for positive adaptation, while not being too excessive to 

pose as a source of injury risk itself. The tracking of training load is possible through a variety of 

methods, with many seeing growing popularity in the sporting realm, due to their ability to 

decrease injury risk and enhance fitness development. Despite the growing popularity in the 

sporting world, little research has explored these options in depth within tactical populations. 

Given the known differences between athletes and tactical personnel, it is unclear if this sports-

based training load monitoring approach would be suitable for implementation within tactical 

contexts. The aim of this thesis was to explore the potential for the use of training load 

monitoring systems currently utilised by sport teams within tactical populations. The overarching 

research question posed was what impact training load had on injury risk in tactical personnel 

and, if training load was found to have an effect, how could tactical populations pragmatically 

optimise training load. To answer this question a series of studies were developed.  
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Chapters I and II provide an introduction to the research topic and overview of this thesis, 

respectively. A narrative review, which explored the concept of tracking training load in tactical 

populations, was conducted and is reported in Chapter III. The narrative review notes that 

methods to optimise training load have existed throughout history, such as the use of 

periodisation (manipulation of training volume and intensity) within strength and conditioning 

programs. Recently, this training load management approach has progressed to the monitoring 

and adjustment of training programs based on individual variables while incorporating a 

multitude of tracking tools (e.g., Global Positioning System (GPS) devices, heart rate monitors, 

and subjective questionnaires). The Acute:Chronic Workload Ratio (ACWR), one method to 

track these variables, is noted as having gained popularity in the sports world. ACWRs relates a 

longer term (chronic) training load based on a 3-6 week rolling average to a short term (acute) 

training load based on the most recent training week.  

To investigate relationships between the ACWR and injury risk a systematic review, reported in 

Chapter IV, was conducted. The review found that while the ACWR had significant relationships 

to injury risk, high levels of variability were found within the research. These variations included 

various methods of reporting injury risk, (e.g., relative risk and odds ratios), application of the 

ACWR to different variables (e.g., total distance, high-speed running distance, and acceleration 

efforts), and a lack of consistency when reporting ACWR ranges. In the two years following 

publication of the systematic review further research has been conducted on the ACWR 

discussing its methodological limitations, which are explored in Chapter V. The ACWR suffers 

from conceptual flaws that detract from its ability to predict injury risk, as well as statistical faults 

that can lead to a high rate of Type 1 errors (false positives). Additionally, the ACWR is 

constructed in a way where results won’t be seen until the fifth week of training, potentially 

limiting its impact in tactical populations with short training academies.  

To explore the potential for load monitoring systems to be utilised in tactical populations, both 

prospective and retrospective data were collected from a law enforcement academy. The three 

key variables of load monitoring systems (training load, fitness, and injuries) are profiled within 

Chapters VI, VII, and VIII respectively. Chapter VI profiled the typical training load of a law 

enforcement recruit class. Utilising a linear mixed model, this chapter demonstrated the total 

distance covered significantly increased from Week 1 and Weeks 2 (mean difference = 9.65 km, 
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p-value < 0.01), 3 (9.64 km, < 0.01), 4 (11.65 km, < 0.01), 5 (9.69 km, < 0.01), and 6 (10.07 km, 

< 0.01). It was also found that increases in physical training occurred during the first five weeks 

of law enforcement academy training, rising from zero hours of training to between three and six 

hours per week. The majority of training was found to be aerobic (low intensity, long duration) 

and multi-modal (a combination of aerobic, anaerobic and muscular conditioning).  

Chapter VII profiled the fitness changes of recruits (n = 715) and concluded that under the 

current academy training program, recruits significantly improved their physical fitness by the 

end of the academy period. Compared to muscular strength and power, larger improvements were 

seen in muscular endurance and aerobic conditioning, likely due to physical training programs 

focusing on methods of training that facilitate improvements in these fitness measures. A profile 

of recruit injuries (n = 4340) was conducted in Chapter VIII, demonstrating that 76.1% of injuries 

were musculoskeletal (i.e., damage to ligaments and muscular injuries), commonly affecting the 

lower limb (47.9%). These injuries occurred most often during physical training and defensive 

tactics (75.8%), with a high number of injuries (33.9%) happening during the first five weeks of 

academy training, particularly Week 2 (10.9%). These chapters suggest a relationship between 

the current training load of recruits and injuries suffered, with sizeable changes in distance 

covered and physical training hours corresponding with large amounts of injuries occurring 

during the early stages of academy training.  

Chapters IX and X discuss the further exploration of the relationship between training load and 

injury risk and includes a more in-depth analysis of the change in fitness in this population. 

Chapter IX presents the results of a generalised linear mixed model examining training load and 

injury risk. Distance covered was a variable of interest, given that the most common injuries 

occurred due to repetitive loading of the lower limb. The results of this model found that distance 

covered per week (OR [95%CI] = 1.08 [1.04, 1.12]), week of training (0.94 [0.91, 0.98]), and sex 

(0.55 [0.34, 0.91]) were significantly associated with injury risk. While fitness was not a 

significant predictor of injury in the model reported in Chapter IX, Chapter X discusses how 

recruits who started the academy with lower initial physical fitness were able to experience 

greater levels of fitness improvement (determined by effect size) when compared to recruits with 

higher initial fitness levels. Recruits with higher initial fitness may have failed to improve in their 

respective measures of fitness due to a sub-standard training load (in relation to their higher 
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levels of fitness) and, as such, require a higher workload to see larger improvements in physical 

fitness. The current training structure utilises an “one size fits no one” group training approach 

that applies a standard training load to a population of varying fitness levels. This may under-

stimulate recruits with high fitness and overtrain recruits with lower levels of fitness. 

Identification of an optimal and more individualised training load ensures a fit and effective 

working force while mitigating the negative occupational and individual effects of injuries.  

There are several findings of note from this thesis. The current, group-based training method, 

with a focus on aerobic conditioning and multimodal training elicits positive adaptations in 

aerobic fitness of law enforcement recruits. These adaptations are greater in those with less 

fitness, and lower for those who possessed greater levels of fitness upon entry to the academy. 

Injuries occurred most commonly to the lower limb and were soft tissue in nature. These injuries 

were commonly suffered during physical training and defensive tactics training, where large 

distances were covered.  

A training load monitoring system such as the ACWR is not suitable for this population; its 

shortcomings are discussed in Chapter V. Of note, is the ACWR’s inability to capture the 

beginning of academy training where injuries most often occur, potentially due to the transition 

from civilian to academy life. Furthermore, utilising a system which relies on individual load 

monitoring, such as GPS analysis, heart rate telemetry, or subjective ratings may also not be cost, 

resource or time effective in this environment.  

Despite these shortcomings, using distance as a variable of load monitoring enabled a model to 

be created whereby distances over 30km led to a higher risk of injury within this population. 

Several recommendations have arisen based on the research findings, which, while specific to the 

population studied, can be applied across multiple tactical populations.  

Adjustment of the current group training methodology in tactical populations may provide a more 

optimal training load. These adjustments can contain appropriate principles of population-specific 

periodisation, allowing for a smooth progression of training, and the use of ability-based training, 

where recruits are given a training stimulus corresponding to their fitness level and provided a 

more individualised program. Incorporating the use of population-specific periodisation and 

ability-based training programs may be viable options for academies to provide a more optimal 

training load across a large number of recruits with various levels of physical fitness. The use of 
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alternative means of training, including interval, strength, power, and speed training may enable 

enhancement of other occupationally important fitness attributes while concurrently decreasing 

overall distance covered and therefore contributing to injury risk mitigation. The upskilling of 

current academy staff on these principles, and use of certified strength and conditioning 

professionals could further improve the effectiveness of these strategies. The utilisation of these 

principles could potentially reduce injury risk while increasing fitness levels among law 

enforcement recruits. Given the inherent differences between tactical populations, further 

research will need to be conducted to analyse how these strategies can be specifically applied to 

currently serving law enforcement officers, as well as military and firefighter professions to 

ensure the safety and occupational effectiveness of these populations.  

Key Words: Law Enforcement, Police, Military, Academy, Recruit, Conditioning 
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Chapter I 

Introduction to Training Load and 

Tactical Populations 
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Tactical populations include firefighters, military personnel, and law enforcement officers, 

among others. These populations are expected to perform stressful and physically demanding 

occupational tasks, sometimes after prolonged periods of sedentary activity (e.g. sitting a patrol 

car) (1). In addition, tactical personnel often perform these tasks while carrying heavy external 

loads such as body armour or other protective equipment (2). Firefighters are expected to wear 

protective clothing and carry additional equipment that can add between 20 to 25 kg of extra load 

(3). In law enforcement, the loads carried by officers vary from 10 kg in general police units (2) 

to 40 kg in specialist police units (4, 5), while in the military, personnel often carry over 45 kg of 

load while performing tasks (6). These loads cause significant increases in both metabolic 

demand (7) and injury risk (8).    

Due to these heavy external loads and physically demanding occupational tasks, physical 

conditioning and fitness, inclusive of aerobic fitness, muscular strength, power, and endurance, 

are key components for all tactical personnel (9). Fitness parameters such as strength and aerobic 

fitness have previously been linked with load carriage performance (2). Additionally, measures of 

muscular strength and power have been linked to occupational tasks such as a body drag (10, 11), 

while vertical jump performance has not only been linked to occupational tasks but has been 

related to higher risks of injury and illness in law enforcement (12). Aerobic fitness, specifically, 

may be of high importance for tactical personnel as it has been linked to not only load carriage 

performance (13), but also to completion of tactical training (14), reduced injury risk (15) and 

performance in occupational tasks (16). Research by Hunt et al. (13) has shown that aerobic 

capacity, along with vertical jump performance, is correlated with improved 20-km march 

performance. Aerobic fitness, among other measures of physical fitness such as muscular 

strength and endurance, has also been found to be predictive of recruit attrition during academy 

training (14, 17, 18). Furthermore, Lisman et al. (15) demonstrated that slower three mile run 

times were associated with higher rates of injury in a military population, while Dawes et al. (16) 

found that aerobic fitness could predict performance in occupation-specific ability tests. Thus, the 

available research suggests fitness is an essential element for any tactical population, and its 

proper development is vital for success and to decrease the risk of injury.  

The physically demanding nature of tactical occupations not only necessitates a high fitness level 

but can also lead to a high risk of injury in these groups. For example, it has been found that 
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firefighters can suffer injuries at a rate of 177 per 1000 full-time employees per annum (19), 

while military personnel have incidence rates ranging from 23, for active duty personnel, to 34, 

for reserve personnel, injuries per 100 person-years of active service (20). Law enforcement, 

suffering injuries at rates up to 2500 per 1000 personnel per annum (21), have a higher injury rate 

than other physically demanding professions, such as miners who experience approximately 638 

injuries per 1000 person-years (22). Injuries to tactical populations tend to be musculoskeletal 

(MSK) in nature, with ligament sprains and muscle strains being among the most common 

injuries across all tactical personnel (19, 21, 23).  

These MSK injuries can lead to serious adverse effects, such as a loss of personnel (either 

temporarily or permanently) and their concomitant experience and skills, and a higher strain on 

the fit and healthy workforce due to the requirement for these staff to cover injured personnel 

duties and tasks (24, 25). In addition, injuries to these populations can also result in high 

monetary costs to treat and, if needed, replace personnel, placing a financial burden on the 

organisation. In the United States Army, an estimated $1.5 billion is spent annually on the 

medical care and salaries of soldiers on limited duty, while the costs of soldiers who cannot 

deploy is over $3 billion per year (25). Due to these high financial and time costs, injury 

mitigation strategies in tactical populations are of vital importance.  

Previous research has identified causative factors for injuries in tactical populations such as poor 

metabolic fitness levels (15), high body mass index (BMI) (26), history of previous injury (27), 

and smoking (28). In 2000, Kaufman et al. (23) identified training load (TL), defined as a 

cumulative amount of stress on an individual from single, or multiple, training sessions over time 

(29), as a potential causative factor, and suggested that the optimising TL could reduce injury risk 

while concurrently enhancing fitness in military populations. This idea has been supported by 

research which identified that United States Navy Recruits who completed the highest running 

mileage (>25 miles or 40 km) also had a significantly higher injury risk, with no significant 

improvement in aerobic performance despite the extra training (30). While significantly reducing 

TL may reduce injury risk, the TL still needs to be sufficient to develop physical fitness in 

tactical personnel. Reducing TL without accounting for the impact on fitness is likely to have 

detrimental effects, therefore a balance is needed to reduce injury risk while ensuring fitness is 

improved. Recently, methods of tracking TL have grown more sophisticated due to a rise in 
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popularity and application in elite sport (31). However, a detailed search identified that little to no 

research using these methods has been performed in tactical personnel despite being proven to be 

an effective approach in sport (32, 33). 

In 1976, Calvert et al. (34) discussed creating a training model that would lead to optimal 

performance for athletes, and how the utilisation of measures such as heart rate and oxygen 

uptake could inform this model. More recently, this suggestion was further expanded on by Dr. 

John Orchard who, in a guest blog for the British Journal of Sports Medicine, discussed the 

theoretical relationship between TL, fitness, injuries, and team performance in sports (35). Dr. 

Tim Gabbett (31) outlined various methods to track TL, and how elite sport can implement this 

methodology to limit injury risk while maximising fitness and performance. While studies 

utilising these methods have not been performed in depth with tactical populations, research 

conducted by Schram et al. (36), which detailed injuries in Australian Army personnel, discussed 

how these TL tracking methods may be useful in a tactical environment. The understanding and 

implementation of TL in tactical populations may be an overlooked training component in 

tactical personnel, and its potential impact on fitness and injury risk needs to be defined. 

TL, as defined by the International Olympic Committee consensus statement, is a cumulative 

amount of stress on an individual from single, or multiple, training sessions over time (29). TL is 

typically tracked using either external and/or internal measures (31). External measures of TL 

include tracking total distance run, weight lifted, and number of sprints, as examples (31, 37). 

Global Positioning System (GPS) units are often used to track these loads, but other methods 

exist (31). To track weight lifted for example, utilising volume load (total number of repetitions 

multiplied by total load lifted) is recommended to provide a complete view of resistance training 

TL (38). 

Internal measures of TL track how an individual is physiologically (heart rate) or psychologically 

(session Rating of Perceived Exertion (sRPE) or wellness questionnaires) adapting to their 

workload (29, 31). This internal measure of sRPE is calculated by having an individual provide a 

score between 0 and 10 on the modified Rating of Perceived Exertion (RPE) Scale and 

multiplying this number by the session duration (minutes) for a score (typically measured in 

arbitrary units or AU). For example, if an individual’s score after a weight session is a 6 on the 

modified RPE scale, and the session lasted for 60 minutes, the calculated score would be 360 AU. 
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This method correlates well with both blood lactate and heart rate (39, 40) and may be beneficial 

in tactical populations due to its ease of use and effectiveness. For further information regarding 

methods of tracking TL and their applicability in the tactical domain, see Chapter III. 

Utilising both Internal Load (IL) and External Load (EL) measures are vital in order to provide a 

comprehensive view of the stress an individual is experiencing (31). For example, an individual 

may run the same distance on two different days (same EL), but their individual sRPE score (IL) 

may differ. Changes in these responses provides information as to whether an individual is in a 

state of ‘readiness’, and possibly able to tolerate higher TL, or in a state of ‘fatigue’ and possibly 

at a higher risk of injury and performance loss (31).  

Training load has previously been related to injury risk in athlete populations, with research 

suggesting rapid changes in TL result in higher rates of injuries (41, 42). For example, a research 

by Piggott (43) found that 40% of injuries and illnesses in Australian Football (AFL) players 

were influenced by a rapid change in TL during the preceding week. This relationship between 

TL and injuries becomes more complex as it has been suggested that both athletes who over-train 

and under-train, in addition to potential detraining or underperforming, are a higher injury risk 

(31).  

To further identify athletes who are either over- or under-training, the concept of Acute:Chronic 

Workload Ratios (ACWR) was developed. ACWR provides a view of an athlete’s workload over 

time by comparing an acute workload (usually the most recent week) to their chronic workload (a 

rolling average of 3-6 weeks) (31). Conceptually, if the acute workload is higher than the chronic 

workload the ratio will be greater than one and risk of injury higher. If the chronic workload is 

higher, the ratio will be less than one and injury risk lower. However, in using ratios less than 

one, where there is a decline in TL, performance may plateau or decline due to inadequate 

stimulus (31). Research has suggested that a high chronic workload, sometimes referred to as 

‘fitness’, may protect against spikes in acute workload, or ‘fatigue’ (31, 32, 44). In practice,  

ratios between 0.80-1.30 have been suggested to result in the lowest injury risk (31), which has 

been supported by individual studies in athletes (32, 45). Nevertheless, there is some dispute 

regarding the effectiveness of the ACWR due to spurious correlations as a result of the acute load 

being present in both the numerator and the denominator (46), or confounding variables such as 

the nature of the athlete’s schedule (47). 
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TL has also been shown to relate to fitness changes and performance. For example, in AFL it was 

found that those players who completed a high TL, as measured by sRPE (1600-2000 AU per 

week), significantly improved their 2-km time trial compared to those who completed very high 

(>2000 AU), moderate (1250-1599 AU), and low (<1250 AU) TLs (42). A previous study 

examining Rugby League players showed that increases in TL of 175 to 620 AU did not result in 

a higher injury risk, but did result in decreased performance in agility, measured via an “L Run” 

(39).  

Understanding the effect of TL on fitness and performance is vital, as many injuries that occur 

during training could potentially be avoided by not training, though this is an impractical 

recommendation. As noted in the above study by Harrison et al. (42), athletes who completed a 

high TL (1600-2000 AU per week) had a significantly improved 2-km time trial compared to all 

others. Therefore, some amount of load is needed to increase fitness and simply arbitrarily 

reducing the amount of training is not a viable solution. Given the impact fitness has on injury 

risk (15) and the ability of fitness to prepare personnel for their occupational requirements (2), it 

is imperative that tactical populations continue to train at an optimal level of TL to maintain or 

increase fitness while mitigating physical training associated injury risk. 

Despite the potential positive impacts optimal TL may have on injury risk and fitness, it must be 

mentioned that this current field of research is not without its flaws and limitations. A majority of 

studies in this field utilise observational or retrospective designs (48, 49). While these methods 

are convenient, especially in sporting populations, the use of randomised control trials or 

ecological study designs could improve research quality and strength of findings (49). Research 

in this domain could also benefit from the use of statistical analysis that better account for 

variables that change over time (e.g., injury and TL) (50-52). Admittedly these forms of analysis 

are more complex, and proper implementation and inference of them may require assistance of a 

qualified or trained statistician. However, utilising these analyses will result in a stronger 

understanding of risk factors associated with injury. Lastly, the variables underlying injury are 

complex and multi-factorial (48). These are inclusive of modifiable (e.g., muscle strength and 

body composition), as well as non-modifiable (e.g., sex and previous injury history) factors. 

Utilising sport-specific frameworks, as outlined by Kalkhoven et al. (53) and Bertelsen et al. (54), 

have been recommended to better contextualise specific variables to a given population. These 
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limitations and potential solutions will be discussed in further detail throughout this thesis, 

particularly Chapter XI. Including these factors (improved study design, appropriate statistical 

analysis, and specific frameworks) in future research will improve understanding on the 

relationships between variables of interest and injury risk, ultimately benefiting sport and tactical 

populations. The current nature of tactical training may predispose personnel to extreme training 

loads. As an example, the use of a period of ‘basic’ or ‘initial’ training is often implemented in 

military and law enforcement populations (14, 15, 55). Occurring over a matter of months, these 

training periods aim to prepare individuals physically and mentally for the unique occupational 

demands of their tactical profession, while teaching requisite knowledge and skills. To achieve 

these goals, tactical training institutions (e.g., academies in law enforcement) employ a variety of 

physically-based training methods, such as physical conditioning sessions to improve fitness, 

defensive tactics training to teach self-defence, range courses to develop safe and effective 

weapons handling and engagement skills, as well as periods of classroom instruction. The 

combination of these factors contributes to a concept known as program-induced cumulative 

overload (PICO) (56). This concept states that the individual training sessions, such as a physical 

conditioning session or a defensive tactics session, may not each individually result in overload, 

but their combination results in a TL that increases risk of injury (56).  

Several challenges to increasing trainee fitness safely and effectively by employing TL 

optimisation methods exist. Trainees participating in academy programs are often drawn from the 

general population, with varying levels of physical fitness and various physical training and 

sports participation histories. The large number of trainees present during academy training can 

inhibit dedicated teaching and coaching of safe and effective exercise techniques. Additionally, 

many tactical training academies lack adequate funding for the necessary facilities and equipment 

to successfully train a large number of trainees. Due to these barriers, academies can often 

employ a satirically termed “one size fits no one” training approach that focus on physical 

training sessions that require few staff and resources to run, like long duration runs and 

bodyweight exercise circuits. These generalised programs prescribe a standardised TL across an 

unstandardised population. This can result in suboptimal TL across the recruit population, 

potentially impacting fitness and injury risk whereby the less fit may increase in fitness but be at 

a high risk of injury, while the very fit detrain and lose fitness.  
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Figure 1, proposed by Gabbett (31), presents a graphical synopsis of the discussion thus far 

highlighting how TL is purported to be related to injury risk, fitness, and performance in sports. 

Thus, the monitoring of TL may lead to optimisation of all three of these factors which are of 

importance to tactical populations. Given the potential positive effects of monitoring TL in 

tactical populations, the proposed program of this doctoral research, and its associated studies, 

aims to profile and then compare relationships between TL, fitness, and injuries, of a specific 

tactical population. It is hypothesised that tactical populations will see rapid changes and 

increases in workload during their training and that these loads will be related to an increased risk 

of injury. Lastly, is also hypothesised that fitness will increase throughout initial training, but will 

vary depending on initial fitness level, with trainees who possess higher levels of fitness 

undergoing smaller improvements to their fitness.  

Figure 1. Hypothetical relationship between training loads, fitness, injuries, and performance. Reproduced from 

Gabbett (31) 
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Chapter II 

Thesis Overview 
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The aim of this thesis is to report on the doctoral body of research that examined the relationship 

between training load (TL), fitness changes, and injuries in a tactical population. To accomplish 

this goal, two reviews and five research studies were undertaken. These research studies and their 

subsequent findings have been divided into four sections, as shown in Figure 2. 

Figure 2. Outline of thesis structure 
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The first section ‘Conceptual foundations’, inclusive of Chapters III-V, provides background 

information on tactical populations, and methods of monitoring and optimising TL. Chapter III 

provides a narrative review of the literature and explores the occupational requirements of, and 

injuries sustained by firefighters, military, and law enforcement. Additionally, methods of 

tracking TL are introduced and their potential for implementation into tactical populations 

discussed. One such method of tracking TL, the Acute:Chronic Workload Ratio (ACWR), has 

seen rapid growth in research and implementation. Due to its ubiquitous nature, a systematic 

review summating and analysing the current research literature on ACWR and its relationship to 

injury risk was performed and is reported in Chapter IV. The potential effectiveness of this tool is 

discussed. In the time period between the publication of the systematic review (2019) and the 

writing of this thesis (2021), numerous articles were published questioning the use and 

methodology of the ACWR. Thus, an additional chapter, Chapter V, was included to further 

expand on the current ACWR literature. Chapter V consolidated previous and current ACWR 

research providing an update on the criticisms of this tool. With the first section building a 

conceptual foundation linking tactical populations and TL optimisation, Section 2 ‘Profiling 

training load, fitness, and injuries’ profiles the TL, fitness and injuries of a law enforcement 

recruit population.  

Given that the ultimate aim of the program of research reported in this thesis was to analyse how 

TL may contribute to injuries and changes in fitness within a specific tactical population, it was 

crucial to first study these concepts (being TL, fitness, and injuries) individually. This approach 

allowed for a deeper understanding of each concept and how they may potentially be related to 

each other. Additionally, this approach allowed for the creation of baseline data for comparison 

with future research in the event of any changes to the academy program. To answer these 

questions, data were collected from a law enforcement sheriff’s academy in the western United 

States, utilising a mix of retrospective and prospective methods. Data was collected over a period 

of several years. Academy length during this time period varied from 20 to 22 weeks long. To 

graduate from the academy recruits had to pass a range of occupational simulations and written 

exams. Further recruits needed a minimum score of 384 on the Work Sample Test Battery 

(WSTB). The WSTB is a standardised collection of physical ability tests that relate to typical 

occupational demands in law enforcement. Further information regarding this group of tests can 
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be found in Chapter VII. Lastly, recruits could only miss six out of a total of 36 physical training 

sessions.  

Chapter VI profiled the TL of law enforcement recruits to evaluate the usual workload completed 

during academy training, Chapter VII analysed the typical fitness changes over the course of 

multiple (n = 10) academy classes, while Chapter VIII summarised the most common injuries 

experienced by law enforcement recruits. The profiling reported in this section allows for the 

identification of potential relationships between these concepts that are then further analysed in 

Section 3 ‘Relationships between TL, fitness, and injuries’.  

The third section of this thesis consists of two chapters detailing the examination of potential 

relationships between TL, fitness, and injuries. Building off the findings reported in Chapters VI 

and VIII, Chapter IX presents the results of the relationship analyses between TL variables and 

risk of injury. Chapter X describes the findings investigating how the current training physical 

training program of the police academy impacted on recruits of varying fitness levels. Given the 

generalised, un-tailored, physical training program that was currently employed the findings 

highlighted how recruits may be working at too high or too low of a workload to sufficiently 

develop fitness. Combining these findings (Chapters IX-X) assisted in generating future 

recommendations to optimise TL, potentially improving injury risk mitigation strategies and 

optimising fitness changes forming the basis of Section 4 ‘Future Recommendations and 

Summarisation’.  

Section 4 encapsulates Sections 1-3 and aims to provide pragmatic recommendations for 

clinicians and researchers aiming to optimise TL in tactical populations. The recommendations 

presented in Chapter XI were derived by aligning the conceptual knowledge gained through the 

background research, results of the statistical analysis conducted, as well as practical knowledge 

gained with time spent on location within this population. The works reported in this thesis 

concludes with a summarisation of the main findings and recommendations (Chapter XII). 

Please note that as several chapters (e.g., Chapters III, IV, VII, and VIII) have been submitted to 

be, or already are, published there may be some repetition in chapter introductions (e.g., 

describing a tactical or law enforcement profession). 
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Chapter III 

Tracking Training Load and its 

Implementation in Tactical Populations: 

A Narrative Review 
 

 

Preface 

The aim of the review reported in this chapter was to discuss TL and its potential use in tactical 

populations. Tactical personnel, their unique occupational demands, and the various injuries they 

sustain are discussed. The concept of TL is introduced and its potential role in injury reduction 

and fitness, as well as methods to monitor and optimise TL, are investigated. The concepts 

explored through this review are done so through the lens of tactical populations, as assessing 

their potential benefits and limitations with implementation in these unique occupations serves as 

the underlying premise of the research.   

 

This chapter has been published in the ‘Strength and Conditioning Journal’ and is cited as 

follows: 

Maupin, D., Schram, B., & Orr, R. (2019). Tracking Training Load and Its Implementation in 

Tactical Populations: A Narrative Review. Strength & Conditioning Journal, 41(6), 1-11. 

https://doi.org/10.1519/SSC.0000000000000492 

 

Note: Minor formatting changes have been made in this chapter when compared to the published 

version, such as changes to referencing and table and figure caption numbers, to improve 

readability and consistency across the thesis.  
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Introduction 

Tactical populations are inclusive of, but not limited to, firefighters, police officers, and military 

personnel. Despite intermittent sedentary occupational tasks, especially police, (e.g. sitting in a 

patrol car (1)), tactical populations are required to perform tasks in stressful, and physically 

demanding situations (1). This requirement often occurs while these personnel are carrying 

external loads, such as body armour and other personnel protection equipment (2). External loads 

often vary and can range from 10 kg in general police units (2), to 22 kg in firefighters (57), 

while military personnel can carry average loads of 45 kg (6). The addition of these loads not 

only causes an increase in metabolic demand (7), but can also lead to an increased risk of injury 

(8). In police, these loads further increase upon admission to specialist units (9, 13).  Specialist 

police units, due to the requirement to carry additional equipment, such as riot shields and more 

substantial body armour, can be required to carry loads ranging from around 20 kg (4) to 40 kg 

(5), which can cause even greater metabolic demands and higher risk of injury (8, 58).  

While each tactical population undergoes high physical stress that increases the risk of injury, the 

stresses placed on each of these tactical populations vary. Firefighters are typically faced with 

significant environmental hazards (59), military personnel are more likely to carry considerably 

heavier loads (60), and police officers are more likely to encounter resistant and uncooperative 

suspects (61). Furthermore, and apart from the nature of the occupation itself, sport and physical 

training can be a leading source of injury in tactical populations (62). However, sport and 

physical conditioning are integral to many tactical populations, with appropriate physical training 

required to increase occupational capability either directly (increased task performance) or 

indirectly (improved general health) (2, 63).  

Given the high injury risk of tactical populations (8), it is vital that injury mitigation strategies are 

investigated. One such strategy that has not been explored in depth is the monitoring and 

optimisation of training load (TL), despite documented effectiveness in elite sport (31). The 

purpose of this narrative review was to explore the potential benefits and limitations of tracking 

TL in tactical populations with the intent of reducing injury risk while maintaining or increasing 

fitness. This review will summarise information regarding injuries in tactical populations, and the 

potential usefulness of optimising TL. Information regarding TL, how it can be measured, as well 



 
15 

 

as previous research examining the relationship between TL and injuries, fitness, and 

performance will also be presented. 

Injuries in Tactical Populations 

With differing occupational and physical training demands, the location and incidence of injuries 

experienced can vary; however, injury types are known to be similar across these populations 

(21).  In a study by Taylor et al. (19) it was found that firefighters suffered injuries at a rate of 

177 per 1000 full-time employees per annum. Firefighters were most likely to suffer joint sprains 

and muscle strains, accounting for 66.5% of all injuries, followed by contusion/crush injuries, 

mental disorders, and open wounds. The most common sites of injury being the knee, lower back, 

shoulder and ankle (19).  

In law enforcement, a critical review (21) found injury rates ranging from 240 to 2500 per 1000 

personnel per annum, with multiple articles reviewed reporting the most common region of injury 

being the upper extremity (32.95% to 43.42% of injuries), while another stated the most common 

site was Other Unspecified sites (63.41%), followed by torso and back (20.49%). This review 

found the most common injury type to be sprains and strains (42.36% to 94.59%), followed by 

Other Muscle pains and Other Natures of injury (21).  

With regards to military, incidence rates have been reported to range from 23 incidents, for active 

duty personnel, to 34 incidents, for reserve personnel, per 100 person-years of active service, 

with “minor personal injury” being the most common for both groups (20). Their injuries were 

found to most commonly be overuse or stress syndrome, muscle strains, ankle sprains, and stress 

fractures which typically occurred at or below the knee (23). 

Injuries in these populations can have serious downstream effects, such as a temporary or 

permanent loss of experience and skills, or even worse, higher workforce strain due to the 

requirement of covering injured personnel (24, 25). Injuries to tactical populations can also result 

in high monetary costs to treat and, if needed, replace (e.g. temporarily or permanently) injured 

personnel, placing an increased financial burden on the organisation (24, 25). For example, the 

financial cost for medical care and salaries of soldiers in the United States (U.S) Army is 

estimated to be about $1.5 billion (USD) per year (25). By exploring causative factors for these 
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injuries, and implementing programs to reduce these injuries, some of these negative effects may 

be mitigated.  

Numerous causative factors have been studied in tactical populations, such as poor metabolic 

fitness levels (15), high body mass index (BMI) (26), history of previous injury (27), and 

smoking (28). In 2000, Kaufman et al. (23) discussed how TL could potentially be another 

causative factor, and how optimising TL may decrease injury risk while promoting fitness in a 

military population. Previous research has shown that an excessive increase in physical activity is 

linked with an increased injury risk (27, 30). In a study by Trank et al. (30), it was found that 

U.S. Navy Recruits who completed the highest running mileage (>25 miles (40.23 km)) also had 

a significantly higher risk of injury, with no significant change in 1.5 mile (2.4-km) run 

performance. While the need to track TL is evident, a cursory search of the literature shows that 

little research has been performed to date with regards to quantifying TL in tactical populations. 

In fact, a systematic review found only two articles regarding TL in tactical populations, but these 

articles focused mainly on increases in physical activity (64). Despite minimal information 

pertaining to the tactical environment, it has become a popular tool in elite sporting teams. 

Similar to the study by Trank et al. (30), a medium effect size (r = 0.59; CI and p not reported) 

was found between higher running distances during a given month in endurance runners and 

number of injury days the following month (65). By implementing methods that track TL, 

sporting teams are able to adjust training stimuli at an individual level, and on a weekly basis to 

reduce injury risk and also increase performance (31). Given the significant costs associated with 

injuries, and the increased risk of injury in tactical populations caused by higher physical loads, a 

means of monitoring TL and their associated effects on injury risk could prove beneficial for 

tactical populations (27, 30).  

Training Load 

The International Olympic Committee consensus statement defines TL as a cumulative amount of 

stress on an individual from single, or multiple, training sessions over time (29). TL is typically 

measured using either external methods (e.g. total distance run, or speed) or internal methods 

(e.g. heart rate or rating of perceived exertion) (31). External load (EL) has previously been 

defined as “any external stimulus applied to the athlete that is measured independently of their 

internal characteristics” , while internal load (IL) is “load measurable by assessing internal 
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response factors within the biological system, which may be physiological, psychological, or 

other” (29). Tracking EL can communicate the total amount of work completed, while 

information yielded from IL typically conveys how the individual is adapting physiologically 

(29). Emphasis is placed upon the importance of utilising both measures, as together they provide 

a more comprehensive view of the physical stress an individual is experiencing (31). For 

example, an individual may perform the same overall output (as measured by EL, such as 

distance) on two different days, however their ability to respond to this output (as measured by 

IL, such as heart rate) may have changed. Potential differences between responses to training 

may provide insights as to whether the individual is in a state of ‘readiness’ and able to tolerate 

high TL or ‘fatigue’ and potentially at an increased risk of both injury and decreased performance 

(66).  

Rapid changes in both EL and IL have previously been linked to higher risk of injury in the 

literature (31). One example shows 40% of injuries were the result of a rapid change in TL in the 

preceding week in Australian football (43). Factors further compounding the issue were proposed 

by Gabbett that athletes who over-train or under-train are at higher injury risks (31). These issues 

have led to the development of monitoring both IL and EL over the short-term (acute, typically 1 

week) and long-term (chronic, 3-6 weeks) periods, and weekly changes to track overall and rapid 

changes in workload (31). There are various methods of measuring TL reported in the literature, 

each of which have benefits and limitations; the following sections will explore these various 

methods. 

External Measurements of Training Load 

EL is measured in an attempt to define the total work completed (29). EL measurements can 

include distance run, tracking volume-load during strength training sessions, and number of 

sprints completed, among others (31). Measuring EL has been aided with the advent of Global 

Positioning System (GPS) devices and the subsequent accessibility of these relatively low cost 

devices, which allow for accurate measurement of the above variables (67).  The use of GPS to 

measure EL is common practice in many professional sports including Australian Football 

League (AFL), rugby league, and soccer (67). Research has shown the effectiveness and validity 

of GPS to measure EL in these sports (68, 69). However, there are concerns of the precision of 

GPS with regards to high rates of change in velocity and while GPS technology has seen an 
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increase in data accuracy, there are still some limitations in regards to very high speed running 

(>20 km/hr) (70). While there may be potential validity issues at high speed, it has been 

estimated that the speed of military marches while on level ground is 5.3 km/h (71), which may 

be an appropriate speed for GPS devices to accurately record data. Practitioners and clinicians 

may be able to utilise these devices effectively during training stations and while personnel are on 

duty and be able to record distance covered.  

Another concern with GPS units is the high cost associated with them (37). Research has shown 

that utilising GPS on a cellular phone may provide an alternate way to measure distance, as the 

accuracy between the two was comparable with an approximately 3% variation identified when 

measuring distance and average speed (72). Of importance, this study compared the cellular 

device to GPS devices with lower sampling rates and more limited accuracy, therefore more 

variation may exist when comparing cellular devices to GPS devices with higher sampling rates 

(72). Utilising cellular phones or fitness watches may be an alternative tool for tactical 

practitioners to pursue if the acquisition of GPS units proves too costly. One key area of 

difference between tactical populations and athletics may be potential security concerns and GPS 

units. Recently data collected by a wearable GPS unit showed the location of a secure U.S. 

military facility as discussed in an article published by Liz Sly in the Washington Post on January 

29th, 2018. Tactical personnel will need to ensure that the devices they are using are secure and 

will not lead to similar issues.  

Apart from GPS devices to track EL, there are other, more cost-effective methods. One such 

method is utilising volume-load per the NSCA’s definition (number of repetitions x external load 

[kg]), a convenient method as it does not require any additional equipment (38). Whereas 

repetition-volume is the total number of repetitions performed during a workout, volume-load 

also incorporates the weight lifted and is likely better at quantifying the total amount of work 

completed (38). For example, if a police officer completes 4 sets of 12 repetitions of bench press 

at 100 kg, their volume load will be 4800 “work units”, while their repetition-volume will be 48. 

Volume-load can be used during physical training sessions, when tactical personnel are 

participating in strength training, to track and adjust based on previous and future loads. More 

complex methods that determine mechanical work during resistance exercises may be utilised 

during strength sessions; however these require additional devices, such as force plates, 
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accelerometers, and inertial sensors (37). While these devices have been shown to have good 

reliability and validity, they are expensive methods to implement and may not be accessible in all 

populations (37).  

Another method to track TL that may be of benefit when training large groups include measuring 

total running distance, or weight lifted utilising subjective measures (37). This method may be 

particularly useful in military populations upon return from patrol, due to their ability and 

operational requirement in tracking distances covered.  In support of subjective measures, a 

systematic review on endurance athletes (65) on endurance runners found a medium effect size (r 

= 0.59; CI and p not reported) (73) (r2 = 0.36, CI and p = 0.001) (74) between subjective reports 

of high total training distance and rates of injury or pain.  

Lastly, there are other methods which have been used to track TL, though these are unlikely to be 

used in tactical populations due to logistical concerns and time constraints (37). For example, 

despite time motion analysis being found to be effective in tracking fatigue in professional soccer 

players (75), it is unlikely that tactical populations would have the time or resources to record and 

perform film review of all training and occupational settings. Similarly, despite training diaries 

being used to track load, concern exists with regards to the accuracy of self-reporting (76); 

especially if trying to recall events that occurred at the beginning of long hours of training (77).  

Internal Measurements of Training Load 

While EL measurements attempt to measure the amount of work done, IL measurements are 

more focused on the individual’s response to the TL (31). Numerous methods to track IL exist, 

including heart rate (HR), session Rating of Perceived Exertion (sRPE), and questionnaires. 

Historically, heart rate (HR) has been used to track IL due to an almost linear relationship with 

maximal oxygen uptake (VO2Max) (78). This allows practitioners to quantify how each individual 

is responding to the imposed work load (79). Likewise, blood lactate is related to VO2Max and 

may be used to track TL and intensity (80). As this measure has also been linked to load carriage 

performance in soldiers (81), it may be a useful tool to track intensity and performance. While 

these methods are accurate, they can be invasive and may require a high level of technical skill or 

the necessary technology to be performed, and therefore may not be feasible in a tactical 

population. As an example, while measuring HR at one set point is a simple task, requiring only a 

stopwatch, measuring and recording HR consistently over a period time may require more 
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sophisticated technology, such as HR chest straps (37). Utilising fitness watches to measure heart 

rate may be an alternative; however, research has shown that these devices are less accurate at 

higher heart rates compared to chest straps (78). Incorporating the Rating of Perceived Exertion 

(RPE) scale may be useful, as it is both low cost and easy to administer, especially to larger 

groups (79). 

The RPE scale (Figure 3), designed by Borg (82), is an attempt to measure the level of physical 

strain during activity.  It was proposed by Foster et al. (83), that this scale can be modified to a 0-

10 scale (Figure 4). Individuals will score a session using this scale, with 0 being the least amount 

of exertion, and 10 being the greatest. This score can then be multiplied by the duration of the 

session for a measure of TL, called session RPE or sRPE (83). For example, if an athlete 

completed a 60-minute `weightlifting session, and reported the session was a 6 on the modified 

RPE, the athlete would have a sRPE of 360 (60 x 6) arbitrary units (AU). Previous research has 

shown that this method correlates well with blood lactate concentration and heart rate after 

exercise (39, 40). In a study by Gabbett et al. (39) the correlations between sRPE and both heart 

rate and blood lactate concentration were found to be r = 0.89 and r = 0.86 respectively, showing 

a high correlation between measures. These results suggest sRPE, using the modified scale, can 

be used to monitor IL by tactical practitioners after a variety of activities, such as physical 

training sessions. While tactical personnel do tend to perform physical activity throughout the 

day, previous research has confined the “session duration” to fixed training hours experienced 

each day (0600 – 2200), allowing comparison of RPE scores across days (84). There was good 

agreement between RPE and recorded training impulse (TRIMP) scores (r2 = 0.57-0.77), 

showing that this may be a valid method to compare RPE scores in tactical populations although 

further research will be necessary (84).  
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Figure 3. Outline of Borg RPE Scale and Total Quality Recovery Scale. Reproduced from Kentta and Hassmen (85) 
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Figure 4. Example of the modified Borg RPE Scale. Reproduced from Foster et al. (83) 

 
 

Training impulse (TRIMP) was developed by Bannister et al. (86) as a method of quantifying a 

training session. This method is calculated by using training duration, maximal heart rate, resting 

heart rate, average heart rate, and a sex-dependent exponential coefficient (86). This equation was 

further modified by Manzi et al. (87), by introducing an individual based exponential factor. The 

modification was done in attempts to better determine individual physiological response to 

exercise (87). The use of this equation has been shown to be a valid method to track fitness and 

performance changes in long distance runners (87) as well as aerobic fitness in team sport (88). 

Another method of calculating TRIMP, Edward’s TRIMP, multiples the duration accumulated in 

five HR zones (zone 1 = 50-60% HRMax, zone 2 = 60-70%, zone 3 = 70-80%, zone 4 = 80-90%, 

and zone 5 = 90-100%) by a coefficient for each zone and then sums the result (89). This 

equation was utilised in military training and found agreement (R2= 0.34-0.49) between TRIMP 

and distance, suggesting this may be a valid method to calculate internal load. However, it may 

be limited due to the variable training activities and prolonged time frames found in military 

populations (84). Utilising TRIMP may be an effective means to track IL over time in tactical 

populations, particularly Edward’s TRIMP as an individual factor will not need to be calculated 

and it accounts for activity completed in various HR zones.  
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Heart rate variability (HRV), the beat-to-beat fluctuation of resting HR, is another measure of IL 

(41). The autonomic nervous system (ANS) plays a crucial and complex role in maintaining the 

body’s homeostasis (41). While the ANS is involved in many different mechanisms, its ability to 

control HR and role in overuse injuries is a key factor when it comes to monitoring TL (41). 

Examining the physiology of this relationship is beyond the scope of this article, but to 

paraphrase, using the parasympathetic and sympathetic nervous systems, the ANS is able to 

increase and decrease HR, and release chemical mediators in response to injuries, including 

overuse injuries (90). HRV aims to indirectly measure the ANS by analysing the change in time 

between heart beats during resting HR (41). Significant changes from an individual’s baseline 

may show that the ANS is under stress, potentially due to overtraining or the onset of an overuse 

injury (41). Given the many roles of ANS, changes in HRV may be indicative of other types of 

stress than overuse injuries. However, this may be beneficial to those working with tactical 

populations given the amount of non-physical stress, such as psychological, that are experienced 

(91, 92). Currently, research is inconclusive about the relationship between HRV and 

overtraining, with evidence both for and against (92-94), but this may be a valuable tool to 

measure the amount of stress, both physical and other, that is experienced by tactical personnel.  

Various wellness questionnaires, which examine factors such as sleep quantity and sleep quality, 

feelings of fatigue and soreness, have also been used in an attempt to measure IL (37). One such 

survey, the Recovery-Stress Questionnaire for Athletes (RSQ), was created to identify the extent 

of an athlete’s physical and mental exhaustion and recoverability (95). This questionnaire 

consists of 19 subscales that discuss various topics such as general and emotional stress, burnout, 

physical complaints and physical recovery among others (95). The survey is periodically given 

out, with one study administering the survey four times during a three week period (96). It has 

previously been shown to be able to track the general parameters of training stress of athletes 

across multiple sports (95), though it is unknown how this scale will apply to those in tactical 

populations or if they will require a more specific questionnaire for their demands. However, 

given the high amounts of psychological stress experienced by tactical populations (91), the RSQ 

may be provide useful information regarding not only the physical, but emotional state of 

personnel.  
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Another questionnaire that attempts to quantify recovery is the total quality recovery process 

(TQR) (85). This process is divided into two parts, the first being a perceived recovery scale 

(TQR perceived) (85). Structured like the Borg RPE Scale, this 6-20 scale attempts to measure an 

individual’s perceived recovery at the end of the day (85). The second aspect of TQR (TQR 

action) is a more objective measure of recovery where individuals earn recovery points (20 points 

maximum) based on nutrition and hydration (10 points maximum), sleep and rest (4 points), and 

relaxation and emotional support (3 points) (Figure 5) (85, 97). As this method combines both 

perceived and an objective score for recovery, it may be useful in tactical populations, though 

future research will be needed to validate this process.  

Figure 5. Example of the TQR Action Scoring Guide. Reproduced from Kentta and Hassmen (85) 

 
 

Lastly, while the above methods may be more complex, previous research in military populations 

has examined muscle soreness and physical fatigue using 0-10 scales (84). While this study did 

not examine these measures in relation to injury, these simple questions may be able track how 

tactical personnel are managing their current TL (84). Various questionnaires exist that track both 

the physical and psychological stress and recovery experienced by individuals (85, 95). Tactical 
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practitioners can utilise these measures periodically to track their personnel. If measures such as 

these prove to be too time-consuming implementing muscle soreness and physical fatigue scales 

may be an alternative method to track IL (84). 

Table 1. Potential examples of load measurements in tactical populations 

Method   Example 

Internal 

Load 

sRPE Subjective RPE score x session duration; can be performed after 

PT sessions, combat training, response calls, field sessions 

  

HR Average HR during PT sessions, combat training, response calls, 

field sessions 

  HRV Each day  

  TRIMP After PT sessions, combat training, response calls, field sessions 

  

Wellness 

Questionnaire 
Performed at set time points (daily, weekly, etc.) depending on 

questionnaire 

External 

Load 

TD 

Distance covered during PT sessions, field sessions, response calls 

  

Speed Distance covered in various speed bands (10-15 km/h, 15-20 km/h, 

etc.) during physical training, field sessions 

  Sprints Number of sprints performed during PT sessions 

  

Volume-load Calculated after strength training sessions (number of repetitions x 

external load [kg]) 

  

Repetition-

volume 

Calculated after strength training sessions (total number of 

repetitions) 

 

Acute:Chronic Workload Ratio 

Acute:Chronic Workload Ratio (ACWR) is an attempt to provide a more complete picture of an 

individual’s cumulative load by comparing an acute workload to a chronic workload and 

quantifying the changes over time (31). As mentioned above, it may be the rate of change in load, 

more than the absolute load, that relates to injury risk (29). The importance of rate of change in 

load can be historically seen through the 10% rule which states that increases in exercise 

frequency, duration, or intensity should be limited to 10% of the previous week (38). While the 

timeframes may vary, in sports the acute workload is typically represented by one week, while 

the chronic load is a summation of the previous 3-6 weeks (31). If the acute workload is greater 

than the chronic workload (signifying increases in TL), the ratio will be greater than one, and the 

individual will be in a fatigued state (31). Conversely, if the acute workload is less than chronic 

workload, the ratio will less than one, and injury may be less likely however performance may 

plateau or decline with inadequate stimulus  (31). The chronic workload has also been called 
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‘fitness’ in the literature, while the acute workload has been called ‘fatigue’ (31). Evidence shows 

that high chronic workload or ‘fitness’, may protect against spikes in acute workload or ‘fatigue’ 

(31, 32, 44). In a study by Malone et al. (44), it was found that a high chronic TL (4750 AU) 

measured by sRPE protected against injury from maximal velocity running. In another study by 

Hulin et al. (32), it was found that a high chronic workload (>16095 m covered) combined with a 

moderate ACWR (1.03-1.38; Relative Risk (RR) = 6.2 ± 2.2) resulted in a lower injury risk than 

low chronic workload (< 16095 meters covered) combined with a moderate ACWR (1.03-1.38; 

RR = 9.3 ± 2.2). RR states how many times more likely an outcome will occur in an exposed 

group compared to a non-exposure group (98). In an article by Hulin et al. (32), those who 

experienced a high chronic workload were 6.2 times more likely to experience an injury, while 

those in the low chronic workload were 9.3 times more likely to experience an injury. ACWR 

may be more appropriate to utilise than the 10% rule, as it is not a rigid law, but can be adjusted 

based on past training.  

One limitation of the ACWR model is that it does not account for the decaying effects of fatigue 

and fitness over time, and therefore may be able to be improved (37, 99). A new method utilising 

exponential weighted moving averages (EWMA), instead of rolling averages, was recently put 

forward by Williams et al (100). This method attempts to account for the decaying effects by 

assigning a decreasing weighting for older values (100). A study by Murray et al. (99) compared 

EWMA ACWR to rolling average ACWR and found that, while both models showed a 

significant increase in injury risk with high ACWR, EWMA was more sensitive to detect 

increases in injury likelihood at higher ACWRs. When compared with an ACWR of 1.0-1.49, a 

rolling average ACWR of 2.0 was shown to have a relative injury risk of 6.52 [4.83-8.80], a 

statistically significant finding. Utilising the same comparison, but with EWMA, the relative risk 

increased to 21.28 [20.02-22.62] - demonstrating a much higher relative injury risk. Incorporating 

an EWMA ACWR over a rolling average ACWR may be a more sensitive and advantageous 

method (100). 

Clinicians and practitioners can utilise ACWR with any of the above-mentioned variables. By 

incorporating ACWR with measures such as a total distance, sRPE, or volume load, practitioners 

may be better able to predict how well their personnel will respond to future programs. If 

knowing that over the last 3 weeks, personnel have only covered an average of 2000m per week, 



 
27 

 

practitioners can calculate that covering 4000 m will result in an ACWR of 2.00 and therefore 

increase injury risk (acute load divided by chronic load, or 4000 m divided by 2000 m). 

Practitioners can adjust their scheduled training sessions either based off previous workload or 

off current occupational demands (e.g., dismounted patrols) to keep personnel within a safe 

range.   

While ACWR may be a useful tool for estimating injury risk, there are potential limitations 

affecting its validity. One such issue is the potential spurious correlations that may exist between 

ACWR and injury risk (46). This is likely due to the fact that the acute load is used in the 

calculation of the chronic load, as the acute load is on both sides of the equation (46). A second 

impacting factor is the confounding effect training schedule has on the ability of ACWR to 

predict injury risk (47). This was calculated with regards to sporting teams, so it remains to be 

seen if this relationship exists in tactical population. However, though ACWR may be an 

effective method to evaluate injury risk, it should not be solely relied upon by clinicians and 

practitioners.   

The Association of Training Load and Injuries 

Researchers have hypothesised that musculoskeletal injuries may be linked to adverse responses 

in TL (41), and has attempted to discover specific targets regarding TL and injury in the athletic 

domain. Research has shown that two week cumulative sRPE loads >3700 AU (42), and high 

three week running distances (73721 – 86662 m) (69) are likely to increase injury risk in 

Australian Rules football players while studies across multiple sports have shown that ACWR 

ratios ranging from 0.8 – 1.3 may minimise injury risk while ensuring increases in fitness (32, 

68). Utilising either cumulative loads or ACWR provides information to medical staff and 

strength and conditioning (S&C) coaches which may assist with reducing injury risk and 

maximising performance in tactical environments. It is unlikely that these numbers will be 

directly transferable given the differences that exist between the tactical and athletic domain, 

though it should be noted that members of tactical population regularly play sport (101, 102).  

The Associations of Training Load and Fitness and Performance 

While TL may assist with mitigating injury risk, it also is related to fitness and performance.  

Fitness is a key requirement for tactical personnel and is associated with successful occupational 
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task performance (2), reduced injury risk (103), and mental health benefits (63). However, while 

training to increase fitness is needed, it may pose a risk if not monitored correctly, as supported 

by findings that in military personnel, physical training and sports participation are leading 

causes of injuries (62). Tracking TL may be able to ensure that tactical populations are training at 

a high enough intensity to increase fitness while not unnecessarily increasing risk of injury (31). 

In AFL players, it was found that those who had completed high TL (1600-2000 AU per week) 

increased their 2-km time trial compared to those who completed very high (>2000 AU per 

week), moderate (1250-1599 AU per week), and low (<1250 AU per week) TL as measured by 

sRPE (42). In a study by Gabbett et al. (39), it was found that while increases in TL of 175 to 620 

AU, as measured by sRPE, did not result in any increase risk of injury, it did result in decreased 

performances in agility. These results provide evidence that tracking TL cannot only influence 

injury risk, but fitness and performance as well. Given the inherent dangers tactical populations 

can encounter (9, 104), decreases in performance or losses of fitness do not simply result in a lost 

game, but can have life and death consequences. By implementing a method of monitoring TL 

tactical populations can aim for, and train at a level that maximises performance gains while 

minimising injury risk (37, 105). 

While there are notable differences between tactical populations and elite athletes, the TL 

methodology used in elite sport may provide a template for tactical personnel. Preliminary 

studies in military populations show the associated increase in injury risk with increase in 

physical activity (27, 30). While these studies have shown the potential harmful impacts of 

excessive physical activity, modern methods such as sRPE, ACWR or any of the other various 

methods to track EL and IL used in elite sports (37), appear to be suitable to implement to track 

and adjust TL (31).  

Practitioners must recognise that excessive TL is just one potential causative factor of injury in 

tactical populations. While there are various other causative factors, i.e. smoking (28, 103), 

previous injury (27, 28), and poor fitness (103), little research has been performed regarding 

monitoring TL, especially using the methods seen in elite sport (31, 37). The current depth of 

research is lacking given the impact overloading or underloading has on injuries in tactical 

populations. Multiple studies have shown the impact of high physical activity and repetitive 

microtrauma has on musculoskeletal injuries in tactical populations (30, 106). A large amount of 
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these injuries are due to repetitive microtrauma, or overuse, accounting for almost 4 times as 

many injuries as acute trauma (106). Military recruits especially are at risk for injury due to 

sudden and large increases in TL due to high amounts of running and other physical activity with 

possibly little to no prior training (107, 108). Given the impact injuries have on both institutional 

costs, approximately $1.5 billion (USD) per year in United States Army (24, 25), and 

organisational workload, it is vital that tactical populations begin to research and implement these 

practices.  

Conclusion 

Given both the high physical workload and injury rate within tactical populations, it is important 

that steps are put in to place to maximise performance and decrease injury risk. A wide range of 

variables including HR, sRPE, HRV, distance covered, volume-load among others may allow 

practitioners to monitor TL within their personnel. In addition, ACWRs could be devised to 

minimise any spikes in TL which may increase injury risk. A comprehensive understanding of 

TL may allow for optimising the programming of activities such as pack marches and patrols, to 

allow for the addition of, or reduction of training where required. For example, if a military unit 

is planning to complete a 5-km dismounted patrol in 4 weeks, a S&C coach can analyse the 

distance covered previously during field and physical training sessions. Due to the minimal 

research performed within the tactical domain to date, specific ratios are not currently available, 

however evidence from elite sport highlights that ACWRs from 0.8-1.3 may be optimal for both 

performance gains and injury reduction.  Further research is necessary to analyse the current 

available literature regarding the impact various ACWRs have on injury risk. 

Addendum 

This chapter was created with a specific aim of summarising TL, its optimisation and subsequent 

benefits, and how this optimisation may be utilised in tactical populations. As a narrative review 

it did not critically appraise or note limitations in the current research in this field. A critical 

review of the current state of the literature is key to understanding how this concept may be 

effectively implemented. In particular, recent research has discussed the ACWR and some of the 

fundamental flaws in its approach (109, 110). These flaws are not discussed here, but rather in 
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Chapter V.  This addendum has been utilised to provide on overall view of the limitations of this 

research instead of changing this chapter as it has already been published.  

One limitation in this chapter is the use of causal language that suggests TL is cause of injury, 

such as stating 40% injuries were the result of a change in TL. While changes in TL can 

contribute to injury, it is only one causative factor with other variables (e.g., fitness levels (15), 

high body mass index (BMI) (26), history of previous injury (27), and smoking (28)). Injuries are 

a complex and multifactorial occurrence and can be the result of multiple factors (48). Given the 

numerous factors that can contribute to injury, it is important to note the difficulty in identifying a 

specific causal factor and the strength of its relationship is to injury. This is especially true with 

regards to the typical statistical analysis completed in this field of literature. These limitations are 

discussed throughout this thesis and presented briefly below.  

The majority of studies in this field utilise retrospective cohort or observational studies (49). 

While admittedly convenient to perform (especially in athletic and tactical populations), these 

study designs are not as effective in identifying causal factors when compared to randomised 

control trials or ecological study designs (49). Utilising these study designs, while difficult to 

implement and analyse effectively, can lead to stronger understandings of how variables may 

cause injury and the effectiveness of intervention strategies (49).  

It is also common for research in this area for to split continuous variables into discrete categories 

(30, 99, 111). Utilising discrete ranges can be quite practical, especially for implementation into 

real world scenarios. This practice can drastically impact statistical analysis as it assumes that 

each individual within a category has the same level of risk. This potentially leads to a loss 

statistical power. (112) Furthermore, a higher false discovery rate can occur as splitting a variable 

into discrete ranges increases the number of comparisons and contributes to a higher probability 

of a Type 1 error (112, 113).  

Lastly, the use of conceptual models of injury, particularly those that are population-specific, 

have been recommended in the literature (54, 114). An example of a conceptual model 

reproduced from Bahr et al. (115) can be seen below (Figure 6) These are particularly useful in 

identifying specific variables related to injury risk and providing rationale for their inclusion. The 

ACWR has recently been criticised for lacking a conceptual foundation (109). The inclusion of 

conceptual frameworks or rationales provides further physiological evidence and reasoning for 
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why a variable may relate to injury risk and limits hypothesising after results are known, allowing 

for more targeted and effective injury prevention program (114, 115).  Implementing these 

methods will strengthen the research assessing TL and injury, ultimately helping clinicians and 

populations of interest.  

 
Figure 6. Example conceptual framework. Reproduced from Bahr et al. (115) 
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Chapter IV 

The Relationship between Acute:Chronic 

Workload Ratios and Injury Risk: A 

Systematic Review 
 

Preface 

Multiple methods of monitoring and then optimising TL were identified and broadly discussed in 

Chapter III. One of the more popular methods of TL monitoring in sport, the ACWR, was 

identified for potential further use throughout this program of research. Due to its popularity, it 

was determined that further analysis on the effectiveness of this method was necessary. This was 

achieved by conducting a systematic review of the literature identifying, critiquing and 

summating the relationships between ACWR and injury risk.  

 

This chapter has been published in ‘Open Access Journal of Sports Medicine’ and is cited as 

follows: 

Maupin, D., Schram, B., Canetti, E., & Orr, R. (2020). The relationship between acute: chronic 

workload ratios and injury risk in sports: a systematic review. Open Access Journal of Sports 

Medicine, 11, 51. https://doi.org/10.2147/OAJSM.S231405  

 

Note: Minor formatting changes have been made in this chapter when compared to the published 

version, such as changes to referencing and table and figure caption numbers, to improve 

readability and consistency across the thesis. 
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Introduction 

In sport, overall team success has been previously correlated with lower injury rates during the 

course of a season (116). Due to this relationship, injury prediction and prevention have become 

key practices in the athletic domain to maximise success (116). Various methods of predicting 

and preventing injuries have been developed to reduce injury risk, including musculoskeletal 

screens (117) and strength and conditioning programs (118). Another method of reducing injury 

risk that is being utilised more often, after a British Journal of Sports Medicine blog by Dr. John 

Orchard (35) and further detailing by Dr. Tim Gabbett (31), is the concept of tracking TL. By 

tracking the TL of an athlete, the training stimulus can be adjusted to ensure minimal injury risk 

while concurrently improving fitness (31). This strategy has been gaining popularity in sports 

such as Australian Football League (AFL) and soccer due to its potential relationship with injury 

risk (31). As an example, high three-weekly total distances have been associated with higher rates 

of injury in AFL players (OR = 5.50) (69).  

TL can be divided into two categories, external load (EL), defined as “any external stimulus 

applied to the athlete that is measured independently of their internal characteristics”, or internal 

load (IL), which is “load measurable by assessing internal response factors within the biological 

system, which may be physiological, psychological, or other” (29). EL can be measured using 

variables such as total distance run, or number of sprints, while IL can be analysed from heart 

rate or subjective scales such as Rating of Perceived Exertion (29). While an individual may 

perform the same output (EL), their ability to respond to this output (IL) may differ. Utilising 

both measures provides a comprehensive view on whether an individual is a in a state of 

“readiness” and able to tolerate high loads, or in a state “fatigue” and potentially at risk of injury 

or decreased performance (31). These loads can be analysed using weekly or bi-weekly totals, or 

by examining weekly changes in TL (31). An important aspect to consider is that the rate of 

change in load may be more problematic than the absolute load experienced by an individual (31, 

119). This concept has led to the creation of Acute:Chronic Workload Ratios (ACWR) in attempt 

to calculate an athlete’s ability to tolerate sudden changes in load (31, 119). 

ACWRs are calculated by dividing the acute workload, total load over the last week, by the 

chronic workload, usually a rolling average of the last 3-6 weeks. (31). For example, if the acute 

workload is higher than the chronic workload, the ratio will be greater than one and the injury 
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risk may be higher, though some research suggests that ratios from 0.80 to 1.30 may have the 

lowest injury risk (31). If the chronic workload is higher, the ratio will be lower than one, and 

there is potentially less risk of injury, however a lack of progressive overload may impede fitness 

development (31). A similar method known as Training Stress Balance (TSB) has also been 

referenced in the literature, and is calculated using the same methodology but presented as 

percentage rather than a ratio (42). It has been previously theorised that ratios between 0.80-1.30 

will provide the lowest risk of injury (31), and while this number has been supported by 

individual studies (32, 45), it remains to be seen if the entirety of research confirms this idea. 

Therefore, the aim of this systematic review was to identify, critically appraise, and synthesise 

key findings in the literature regarding ACWR to determine if a relationship exists with 

musculoskeletal injury risk in sports and, if so, which ratios may result in the lowest risk of 

injury.  

Materials and Methods 

Search Strategy 

A systematic search of key databases was employed to identify and include relevant studies to 

inform this review. The databases searched included Pubmed, Embase, CINAHL, and 

SportsDiscus and were chosen based on their large number of peer-reviewed material in this 

research area. Search terms (Table 2), were carefully selected based on the re-occurring terms 

found during a preliminary review of relevant literature. Once these key search terms were 

identified, the search was conducted by the research team using the terms and databases outlined 

in Table 2. Database filters were used if available to avoid including studies not relevant to this 

review (e.g., utilising a “Human” filter to avoid capturing any animal studies).  
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Table 2. Databases and Relevant Search Terms 

Database Search Terms Filters Results 

Pubmed (“Police"[Mesh] OR "Military Personnel"[Mesh] OR Police[tiab] OR 

Military[tiab] OR Law Enforcement[tiab] OR Recruit*[tiab] OR 

"Athletes"[Mesh] OR Athlete*[tiab] OR "Sports"[Mesh] OR Sport*[tiab]) AND 

(Training Load[tiab] OR Train*[tiab] OR Overload*[tiab] OR Overuse[tiab] OR 

“Work Load”[tiab] OR Workload*[tiab] OR “Work Loads” [tiab] OR 

Volume[tiab] OR “over reach”[tiab] OR over-reach*[tiab]) AND (Injur*[tiab] 

OR Injury Risk[tiab] OR Injury Prevention[tiab] OR Sprain* OR Strain* OR 

“Soft Tissue”) AND (GPS[tiab] OR “Global Positioning System”[tiab] OR 

“Heart Rate”[tiab] OR Heartrate[tiab] OR RPE[tiab] OR “Rating of Perceived 

Exertion”[tiab] OR Distance[tiab] OR “Distance Run*”[tiab] OR 

Questionnaires[tiab] OR TRIMP[tiab] OR “Training Impulse”[tiab] OR 

“Training Volume”[tiab] OR “Training Load”[tiab] OR “External Load”[tiab] 

OR “Internal Load”[tiab] OR “Time-Motion Analysis”[tiab] OR “Training 

Mode”[tiab]) 

Human, 

English 

1196 

Embase ('Police'/exp OR 'Soldier'/exp OR Police:ti,ab OR Military:ti,ab OR "Law 

Enforcement":ti,ab OR Recruit*:ti,ab OR 'Athlete'/exp OR Athlete*:ti,ab OR 

'Sport'/exp OR Sport*:ti,ab) AND ("Training Load":ti,ab OR Train*:ti,ab OR 

Overload*:ti,ab OR Overuse:ti,ab OR "Work Load":ti,ab OR Workload*:ti,ab 

OR "Work Loads":ti,ab OR Volume:ti,ab OR "over reach":ti,ab OR over-

reach*:ti,ab) AND (Injur*:ti,ab OR "Injury Risk":ti,ab OR "Injury 

Prevention":ti,ab OR Sprain* OR Strain* OR "Soft Tissue") AND (GPS:ti,ab 

OR "Global Positioning System":ti,ab OR "Heart Rate":ti,ab OR Heartrate:ti,ab 

OR RPE:ti,ab OR "Rating of Perceived Exertion":ti,ab OR Distance:ti,ab OR 

"Distance Run*":ti,ab OR Questionnaires:ti,ab OR TRIMP:ti,ab OR "Training 

Impulse":ti,ab OR "Training Volume":ti,ab OR "Training Load":ti,ab OR 

"External Load":ti,ab OR "Internal Load":ti,ab OR "Time-Motion 

Analysis":ti,ab OR "Training Mode":ti,ab) 

Human 1946 

CINAHL ((MH "Police+") OR (MH "Military Personnel+") OR TI Police OR AB Police 

OR TI Military OR AB Military OR TI "Law Enforcement" OR AB "Law 

Enforcement" OR TI Recruit* OR AB Recruit* OR (MH "Athletes+") OR TI 

Athlete* OR AB Athlete* OR (MH "Sports+") OR TI Sport* OR AB Sport*) 

AND (TI "Training Load" OR AB "Training Load" OR TI Train* OR AB 

Train* OR TI Overload* OR AB Overload* OR TI Overuse OR AB Overuse 

OR TI "Work Load" OR AB "Work Load" OR TI Workload* OR AB 

Workload* OR TI "Work Loads" OR AB "Work Loads" OR TI Volume OR AB 

Volume OR TI "over reach" OR AB "over reach" OR TI over-reach* OR AB 

over-reach*) AND (TI Injur* OR AB Injur* OR TI "Injury Risk" OR AB 

"Injury Risk" OR TI "Injury Prevention" OR AB "Injury Prevention" OR 

English 921 
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Sprain* OR Strain* OR "Soft Tissue") AND (TI GPS OR AB GPS OR TI 

"Global Positioning System" OR AB "Global Positioning System" OR TI "Heart 

Rate" OR AB "Heart Rate" OR TI Heartrate OR AB Heartrate OR TI RPE OR 

AB RPE OR TI "Rating of Perceived Exertion" OR AB "Rating of Perceived 

Exertion" OR TI Distance OR AB Distance OR TI "Distance Run*" OR AB 

"Distance Run*" OR TI Questionnaires OR AB Questionnaires OR TI TRIMP 

OR AB TRIMP OR TI "Training Impulse" OR AB "Training Impulse" OR TI 

"Training Volume" OR AB "Training Volume" OR TI "Training Load" OR AB 

"Training Load" OR TI "External Load" OR AB "External Load" OR TI 

"Internal Load" OR AB "Internal Load" OR TI "Time-Motion Analysis" OR AB 

"Time-Motion Analysis" OR TI "Training Mode" OR AB "Training Mode") 

 SportDiscus ((MH "Police+") OR (MH "Military Personnel+") OR TI Police OR AB Police 

OR TI Military OR AB Military OR TI "Law Enforcement" OR AB "Law 

Enforcement" OR TI Recruit* OR AB Recruit* OR (MH "Athletes+") OR TI 

Athlete* OR AB Athlete* OR (MH "Sports+") OR TI Sport* OR AB Sport*) 

AND (TI "Training Load" OR AB "Training Load" OR TI Train* OR AB 

Train* OR TI Overload* OR AB Overload* OR TI Overuse OR AB Overuse 

OR TI "Work Load" OR AB "Work Load" OR TI Workload* OR AB 

Workload* OR TI "Work Loads" OR AB "Work Loads" OR TI Volume OR AB 

Volume OR TI "over reach" OR AB "over reach" OR TI over-reach* OR AB 

over-reach*) AND (TI Injur* OR AB Injur* OR TI "Injury Risk" OR AB 

"Injury Risk" OR TI "Injury Prevention" OR AB "Injury Prevention" OR 

Sprain* OR Strain* OR "Soft Tissue") AND (TI GPS OR AB GPS OR TI 

"Global Positioning System" OR AB "Global Positioning System" OR TI "Heart 

Rate" OR AB "Heart Rate" OR TI Heartrate OR AB Heartrate OR TI RPE OR 

AB RPE OR TI "Rating of Perceived Exertion" OR AB "Rating of Perceived 

Exertion" OR TI Distance OR AB Distance OR TI "Distance Run*" OR AB 

"Distance Run*" OR TI Questionnaires OR AB Questionnaires OR TI TRIMP 

OR AB TRIMP OR TI "Training Impulse" OR AB "Training Impulse" OR TI 

"Training Volume" OR AB "Training Volume" OR TI "Training Load" OR AB 

"Training Load" OR TI "External Load" OR AB "External Load" OR TI 

"Internal Load" OR AB "Internal Load" OR TI "Time-Motion Analysis" OR AB 

"Time-Motion Analysis" OR TI "Training Mode" OR AB "Training Mode") 

None 954 

 

After all studies were selected, duplicates were removed, and the remaining studies were 

screened by title and abstract for relevance. As is the case with all reviews, there was a potential 

for bias, such as search bias, duplication bias, inclusion criteria bias and selector bias (120). 

Numerous strategies were employed to minimise these biases, such as utilising broad search 

terms to capture all studies and minimise search bias, while duplication bias was limited by 
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removing all duplicates during the first step of screening. Lastly, objective inclusion and 

exclusion criteria (Table 3) were established prior to screening to limit selector and inclusion 

criteria bias. The entire search process is outlined in the PRISMA diagram (121) (Figure 6). 

Table 3. Inclusion and exclusion criteria and examples of excluded studies. 

Inclusion Criteria Example/s 

Must contain sport or tactical population Any study including sporting or tactical populations 

Must examine Acute:Chronic Workload 

Ratios or Training Stress Balance and the 

relationship with injury risk 

Any study reporting the relationship between injury risk and 

Acute:Chronic Workload Ratios  

Exclusion Criteria Example/s 

Not related to Injury Risk Studies not discussing injury risk 

Youth Population Studies including participants under the age of 17 

Systematic Review Studies presented as systematic reviews 

Not utilising ACWR Studies that did not utilise ACWR 
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Additional records identified through 

expert in the field  

(n = 0) 

Records after duplicates removed 

(n = 3045) 

Records screened 

(n = 3045) 

Records excluded (must 

contain sport and 

ACWR/TSB) 

(n =2793) 

Full-text articles assessed 

for eligibility 

(n = 252) 
Full-text articles excluded 

(n = 225) 
 

Reasons: 

 

Review (n=30) 

Youth Population (n=17) 

Not associated with injury 

risk 

(n= 117) 

Does not contain ACWR 

(n=56) 

No full text (n=3) 

No predictability statistics 

reported (n=2) 

 

Studies included in data 

synthesis 

(n = 27) 

 

Figure 1. PRISMA flow chart outlining the article selection process 
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Quality Assessment 

A modified Downs and Black checklist was then used to critically appraise each included article 

(122). This checklist is a twenty-seven question assessment that provides a grade on the 

methodological quality, as well as an outline of the strengths and weaknesses of a study (122). 

Due to the subjectivity of question twenty-seven, regarding statistical power (122), the Downs 

and Black checklist was modified for this review. This question was changed from its original 

six-point scale to a two-point scale. This has previously been done in research in an effort to 

increase objectivity (122). If a sample size or power analysis was reported, one point was 

awarded, while zero points were awarded if the sample size or power analysis were not 

mentioned. This modification reduces the maximum possible points from the original 32, to 28. 

To minimise any bias, the Downs and Black critical appraisal was completed by two authors 

(DM & BS) working individually and separately. Cohen’s Kappa coefficient (ϰ) was then 

calculated to provide a level of interrater agreement. The Critical Appraisal Scores (CAS) were 

then finalised, by using the average of the two final scores, and studies were then graded using 

qualitative ratings proposed by Kennelly (123). As the Kennelly grading system was based on the 

original Downs and Black Scoring system of 32 points, it was converted to a percentage-based 

score to enable comparable grading. These percentage-based scores are < 45.4% signifying 

“poor” methodological quality, between 45.4% and 61.0% showing “fair” methodological 

quality, and >61.0% demonstrating “good” methodological quality (123). 

Data Extraction 

After the final studies were selected, appraised, and graded, key data were extracted. Data 

extracted included author and year of publication, population studied, method used to assess load 

(e.g., ACWR or TSB), the reference value, variables examined, timeframes utilised, and 

associated risk. Authors were contacted to gain raw or summary data in instances where the data 

was not sufficiently transparent. This was performed to improve the robustness of the data 

analysis discussed in the next section.  

Data Analysis 

Comprehensive Meta-Analysis (Version 3.3) software program was used to create combined 

effect sizes of multiple outcomes from select studies to provide an overview of data.  Studies 
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were included if they examined ACWR and injury predictability without the effect of other 

variables, results were published in either odds ratios or relative risk (as these were the only 

present results that could be combined), and the study contained multiple outcomes in the ACWR 

ranges of <0.80, 0.80-1.30, 1.30-2.00, and >2.00. These ranges were chosen to compare results 

from outside the training “sweet spot” as proposed by Tim Gabbett (31).  

Results 

Search Results 

After the use of specific inclusion and exclusion criteria (Table 3), twenty-seven studies were 

included for review.  

Critical Appraisal Results 

A Cohen’s kappa analysis revealed an almost perfect agreement between raters (κ = 0.885) (124). 

The average score of the studies was 59.7% indicating “fair” quality with the lowest score of 

48.2% (125) and the highest score of 64.3% (33, 111, 126-129). These lower scores were likely 

due to the fact that the Downs and Black is typically used to grade randomised-control trials, and 

most of the included studies were cohort studies. This resulted in consistently lower scores in 

areas of internal validity, specifically questions 14, 15, 19, 23, 24, and 25. These questions were 

subsequently removed in an attempt to calculate a more representative score, resulting in 

increases of percentage quality scores, ranging from 61.4% (125) to 81.8% (33, 111, 126-129), 

with a mean of 75.9%, demonstrating “good” quality.  

Study Characteristics 

For general study characteristics, including population, variables examined, and method to assess 

load please refer to Table 4. A range of statistical methods were used to analyse injury risk 

including hazard ratios (HR), odds ratios (OR), relative risk (RR), incidence rate ratio (IRR), and 

adjusted IRR (adj-IRR).  

The most common timeframe used was a 1-week acute TL and 4-week chronic TL (32, 33, 42, 

45, 99, 111, 125, 126, 128-141). Other timeframes included a 3-day acute load and a 21-day 

chronic load (127), or varying timeframes (142-145). One study examined various timeframes for 

calculating ACWR (142), utilising 2-9 days for acute loads, and chronic loads varying from 14-



 
42 

 

35 days, while the other study ranged from 1-2 weeks for acute loads, and 3-8 weeks for chronic 

loads, but only utilised the 1:4 week ratio for injury predictability (143). Five studies utilised 

exponentially weighted moving averages (EWMA) for their calculation of ACWR (99, 125, 134, 

141, 144) and four articles studied a combination of ACWR and chronic workload (32, 135, 143, 

144). Lastly, one study examined ACWR in combination with recent lower limb injuries (141), 

while another evaluated the effects of fitness on the relationship between ACWR and injury risk 

(129).
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Table 4. Characteristics of included studies 
Sport References External Load References Internal Load References Method References 

AFL (42, 99, 111, 135, 137, 

142, 145) 

Total (32, 45, 99, 111, 126, 127, 

131, 132, 135, 139, 141-144) 

Total (33, 42, 45, 125, 128-

138, 140-143, 145) 

ACWR (32, 33, 99, 111, 125-

129, 131-145) 

Soccer (127, 128, 131, 132, 

138-140) 

TD (32, 99, 111, 126, 135, 139, 

141, 143) 

    

Rugby 

League 

(32, 126, 139) Distance at varying speed (99, 111, 127, 131, 139, 141-

143) 

sRPE  (33, 42, 45, 125, 128-

133, 135, 137, 138, 

140-143, 145) 

  

Gaelic 

Football 

(33) Change in Acceleration (99, 111) 
    

Rugby 

Union 

(130) Acceleration Efforts (131, 139) HRV (134) TSB (42, 45, 130) 

Basketball  (133) Deceleration Efforts (131, 139) 
    

Cross-Fit (134) Distance-Load (142) Mood/sleep/stress (136) 
  

Cricket (45) Sessions per week (132) 
    

American 

Football 

(144) Bowls per week (45) 
    

Hurling (129) 
 

 
    

Various (136) 
 

 
    

Endurance 

Sports 

(125)       

Abbreviations: AFL: Australian Football League, TD: Total Distance, sRPE: session Rating of Perceived Exertion, 

HRV: Heart Rate Variability, ACWR: Acute:Chronic Workload Ratio, TSB: Training Stress Balance
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Association of External Loads and Injury Risks 

Total Distance 

All seven studies who reported total distance (TD) (32, 99, 111, 126, 139, 141, 143), used 

ACWR. Three studies reported the ACWR of total distance and its relation to varying chronic 

workloads (32, 135, 143). Hulin et al. (126) found that an ACWR of 1.23-1.61 combined with 

short recovery (<7 days between matches) increased injury risk compared to an ACWR of 1.02-

1.22 (RR = 2.88). In addition, it was also found that ACWR ≥1.62 combined with short recovery 

further increased injury risk relative to ACWR of 1.02-1.22 (RR = 5.80) and 0.67-0.86 (RR = 

3.41) (126). Even with longer recovery (≥ 7 days between matches) it was found that ACWR 

≥1.50 still increased injury risk (RR = 4.46) compared to an ACWR of 1.10-2.10 (126).  

Murray et al. (99) found that an ACWR using TD > 2.00 increased chance of injury compared to 

a range 1.00-1.49 both during the pre-season (RR = 8.41), and in-season (RR = 6.52). This study 

(99) also utilised EWMA-based ACWR and found that the same ratio using this method 

increased the relative risks to 8.74 and 21.28 respectively. Similarly, another study by Murray et 

al. (111), found a TD ACWR >2.00 in-season also led to a higher injury risk in the current week 

compared to ACWRs of <0.49 (RR = 7.98) and 0.50-0.99 (RR = 5.04). This same ratio increased 

risk of injury in the next week both during pre-season (RR = 4.87) and in-season (RR = 5.49) 

when compared to a ACWR of 1.00-1.49 (111). The study by Cummins et al. (139) also 

demonstrated a significant relationship between TD and injury risk (area under curve = 0.580, p = 

0.09).  

Esmaeili et al. (141) compared ACWR and EWMA-based ACWR for TD, and later combined 

these results with previous leg injuries. This article found that using EWMA-based ACWR 

demonstrated increases in HR (HR range from 2.10-6.80), compared to ACWR on its own (HR 

range from 0.92-2.40), and that the combination of a recent leg injury led to higher hazard ratios 

for both methods (EWMA-based ACWR HR = 16.00, ACWR HR = 5.80) (141).  

Stares et al. (143) examined various ACWR for TD in combination with chronic loads of other 

variables, and found that in comparison to an ACWR of 0.90-1.20 with a high four week chronic 

sprint distance (272-368 m), an ACWR ranging from 1.50-1.80 combined with a very low four 

week chronic sprint distance load (<190 m) led to increases in injury risk 7 (RR = 3.31), 14 (RR 

= 3.00), and 21 days later (RR = 2.52). However, there was no significant increase 28 days later 
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(RR = 2.36) (143). This same study also found an ACWR of 0.00-0.03 for TD combined with 

low four-week chronic TD (18834-20892 m) further increased injury risk 7 days later (RR = 

8.19) compared to chronic sprint distance, but had no significant impact 14 (RR = 5.49), 21 (RR 

= 4.16) or 28 days later (RR = 3.16) when compared to an ACWR 0.90-1.20 and a high four-

week chronic TD (20892-22762 m) (143).  

Colby et al. (135) reported, compared to ACWR range of 0.99 to 1.08, ranges of <0.88 (IRR = 

1.17), 1.08-1.21 (IRR = 1.37), and >1.21 (IRR = 1.53) resulted in higher incidence of injury, 

while 0.88-0.99 (IRR = 0.60) resulted in a lower incidence when using TD. This same study 

found that when compared to an above average chronic TD load (81694 m over 4 weeks) and 

moderate ACWR (0.99-1.08) a low chronic TD (<81694m) and very high ACWR (> 1.21) were 

likely to increase injury risk with an IRR of 2.60 (135). These findings are similar to those found 

by Stares et al. (143), with both studies suggesting a low chronic load may increase injury risk 

(135). 

Hulin et al. (32) tracked load across the current week, the next week, and over a 2-week average 

utilising ACWR (calculated through TD) to assess its relation to injury. The ACWR was divided 

into very low (≤.30 current week and next week; ≤.45 2-week average), low (0.31-0.66; 0.46-

0.74), moderate-low (0.67-1.02; 0.71-1.01), moderate (1.03-1.38; 1.02-1.30), moderate-high 

(1.39-1.74; 1.31-1.58), high (1.75-2.10; 1.59-1.87) and very high (≥ 2.11; ≥ 1.88) categories (32). 

These values were found to have relative risks ranging from 0.0 (very low 2-week average) to 

16.7 (very high current week and 2-week average) when compared to all other ACWR ranges 

(32). This study also examined the effects of the same categories and their 2-week average 

compared to low (<16095 m) and high (>16095 m) chronic workloads (32). When combined with 

low chronic workloads, relative risk ranged from 0.00 (very low ACWR) to 18.20 (very high 

ACWR), while the combination with high chronic workloads led to relative risk values ranging 

from 0.00 (very low ACWR) to 28.60 (very high ACWR) (32). However, these were not linear 

increases as moderate-low in both low (RR = 10.0) and high (RR = 5.90) chronic workloads had 

a higher relative risk compared to a moderate ACWR in low (RR = 9.30) and high (RR = 6.20) 

chronic workloads (32). This contrasts with the results reported by Stares et al. (143) and Colby 

et al. (135) as ACWR combined low chronic workload was associated with similar or lower 

injury risk than ACWR combined with high chronic workload, except in the moderate ranges.  
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Total Distance and Speed 

While multiple studies utilised distance at various speeds as a variable, their definitions of these 

speeds varied (99, 111, 127, 131, 135, 139, 141-143). For example, one study states high speed 

running (HSR) ranges from 18.01-24.00 km/h (99), while another study stated HSR is anything 

greater than 14.40 km/h (127). In the study by Murray et al. (99), an ACWR of 2.00 with HSR 

(18.01-24.00 km/h) increased injury risk relative to an ACWR ranging from 1.00-1.49 (RR = 

4.66). In this same study, the same ACWR comparison with medium speed running (MSR) (6.00-

18.00 km/h) was found to further increase injury risk both in-season (RR=18.19) and pre-season 

(RR = 6.03) (99). In the study Murray, Gabbett (111) low speed running (LSR) (0.00-6.00 km/h) 

and MSR (6.01-18.00 km/h), with ACWR > 2.00, increased injury risk in the next week when 

compared to ACWRs ranging from 0.50-0.99 and 1.00-1.49 with RR ranging from 7.21-10.98 

(111). In addition, it was found that a HSR running (18.01-24.00 km/h) ACWR of 2.00 increased 

injury risk both in the current and next week when compared to ACWRs of 0.50-0.99 and 1.00-

1.49, though to a lesser extent (RR = 4.36-9.63) (111).  

In the study by Jasper et al. (131), an ACWR of >1.18 in regards to HSR (>20 km/h) increased 

the odds of injury (OR = 1.71) compared to an ACWR of <0.79. Likewise, Malone et al. (127) 

found that HSR (>14.14 km/h) ACWRs ≥0.85 increased the chance of injury with odds ratios 

ranging from 1.20-3.02, when compared to a ratio of ≤0.85. This study also found that sprint 

distance (>19.8 km/h) ACWRs >0.70 increased an athlete’s odds of injury (OR=1.15-5.00) 

compared to ratios ≤ 0.70 (127). The exception to this is an ACWR of 0.71-0.85 which decreased 

injury risk (OR = 0.85), though the authors of this study did not present a potential explanation 

(127). It should also be noted that this study used a different timeframe than most other studies 

presented in this article, utilising 3 days for acute workload instead of 7 days and 21 days for 

chronic workload instead of 28 days, to calculate their ratio.  

Colby et al. (135) reported that sprint distance (SD) (>75% players maximum speed), was 

associated with a player’s injury risk. Compared to a reference value of 0.99-1.08, ACWR ranges 

of < 0.67 (IRR = 1.83), 1.13-1.40 (IRR = 1.06), and > 1.40 (IRR = 1.90) resulted in higher injury 

incidence, while a range of 0.67-0.93 (IRR = 0.99) resulted in a lower injury incidence.  

Stares et al. (143) compared sprint distance (>75% max speed) in the presence of high chronic 

workload (272-368 m) and an ACWR ranging from 0.90-1.20 to various ACWRs and very low or 
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low chronic sRPE, sprint distance, and total distance, workloads. This study found that these 

ratios either increased relative injury risk with RR ranging from 1.94 to 8.19 or had no 

statistically significant effect, with RR ranging from 1.47 to 5.49 (143). In the study by Cummins 

et al. (139) a statistically non-significant relationship was found between both HSR (>20 km/h) 

(area under curve = 0.504, p = 0.205) and very HSR (>25 km/h) (area under curve = 0.543, p = 

0.205). 

Esmaeili et al. (141) compared EWMA ACWR to ACWR using HSR (>4.17 m/s) and found that 

EWMA ACWR resulted in higher HR (HR range from 1.59-4.60) compared to ACWR (HR 

range from 0.67-1.37). Combining recent leg injuries in the comparison led to a higher HR for 

both EWMA ACWR (HR = 5.70) and ACWR (HR = 4.60). 

Carey et al. (142), examined both HSR (>24 km/h) and MSR (18-24 km/h). This study compared 

various daily ACWR (acute period ranging from 2 to 9 days; chronic 14, 18, 21, 24, 28, 32, and 

35 days), and examined the relative injury risk of ratios outside the range of 0.80-1.20 (142). It 

was found that using utilising a timeframe of 5:14 days was likely to show increase injury risk 

(RR = 2.74), while a timeframe of 5:24 days may show a smaller increase (RR = 2.49) during 

HSR (142). Regarding MSR it was found that a timeframe of 3:28 days would show an increase 

in injury risk (RR = 2.59), while other timeframes, 3:21 days (RR = 2.43), and 3:32 days 

(RR=2.24) showed smaller increases in injury risk (142). The timeframe of 5:14 days was also 

used for MSR running, but unlike HSR, this timeframe showed a smaller increase (RR = 2.18) in 

injury risk (142).  

Player Load 

Five studies reported player load, which is derived from accelerometer acceleration (37), and 

ACWR (99, 111, 139, 141, 144). The first study found that an ACWR >2.00 increased current 

week injury risk during the season when compared to an ACWR ranging from 0.50-0.99 

(RR=6.27) (111). When compared to an ACWR ranging from 1.00-1.49, an ACWR >2.00 led to 

a similar increase in injury risk occurring in the next week in-season (RR=5.80), and a greater 

injury risk during pre-season (RR = 12.46) (111). This same comparison also showed an 

increased risk of injury in the current week during the season (RR = 7.72) (111). In the second 

study, an ACWR of 2.00 was compared to range of 1.00-1.49 utilising both rolling averages and 

EWMA (99). An ACWR of 2.00 using rolling averages led to a relative injury risk of 5.87 during 
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the season (99). Calculating the ACWR by using EWMA resulted in higher relative injury risk in 

season (RR = 13.43) and during pre-season (RR = 9.53) (99). Similarly, Esmaeili et al. (141) 

found using EWMA ACWR led to higher HR (HR range from 1.92-6.80) compared to ACWR 

(HR range from 0.84-2.20). The combination of player load and recent leg injuries led to higher 

HR for both EWMA ACWR (HR = 16.00) and ACWR (HR = 5.40) (144).  

Sampson et al. (144) found that ACWR >1.30 led to a higher RR of injury compared to <0.80 

(RR = 3.06) and 0.80-1.30 (RR = 3.33). A similar finding was compared when the ACWR >1.30 

was combined with a low 21-day chronic workload compared to <0.80 and low 21-day chronic 

workload (RR = 14.15) and 0.80-1.30 with low 21-day chronic workload (RR = 30.67) (144). 

Lastly, though 0.80-1.30 is thought to be the “sweet spot” (31), this ratio was found to have 

higher RR compared to <0.80 (RR = 2.59) and >1.30 (RR = 14.52) in combination with high 21-

day chronic workloads (144). However, Cummins et al. (139) found no statistically significant 

relationship between player load and injury (area under curve = 0.561, p = 0.155). 

Other 

The ACWR of the number of acceleration and deceleration efforts was also studied (131, 139). 

For acceleration efforts an ACWR ranging from 0.87 to 1.22 decreased the chance of injury (OR 

= 0.39) when compared to an ACWR of <0.87 (131). Likewise, an ACWR in deceleration efforts 

ranging from 0.86-1.12 also decreased injury risk (OR = 0.38) compared to an ACWR of < 0.86 

(131). Cummins et al. (139) examined both measurements, and found that acceleration efforts 

(area under curve = 0.605, p = 0.001) and deceleration efforts (area under curve = 0.581, p = 

0.037) had significant relationships with injury.  

Cummins et al. (139) also evaluated relative distance (m/min) and found that this measure had no 

significant relationship with injury (area under curve = 0.492, p = 0.811).  

Lastly, in cricket both sessions per week (132) and bowls per week (45) were also studied. In 

sessions per week it was reported that a higher ACWR occurred in injured athletes compared to 

non-injured (effect size = 0.83), however no ratios were presented (132). Bowls per week was 

recorded using TSB (45). It was reported that a TSB >200% had no relationship with injury risk 

compared to a TSB ≤100%, but did increase risk injury risk in the next week when compared to a 

TSB <49% (RR = 2.90) and a TSB ranging from 50-99% (RR = 3.30) (45).  
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Association of Internal Loads and Injury Risk 

Session Rating of Perceived Exertion 

Of the eighteen articles that examined session Rating of Perceived Exertion (sRPE), three utilised 

TSB (42, 45, 130), while the other fifteen implemented ACWR (33, 125, 128, 129, 131-133, 135, 

137, 138, 140-143, 145). Of the three studies that utilised TSB (42, 45, 130), one did not find any 

clear effects on injury risk after comparing a two standard deviation increase to the mean (130), 

while another found no relationship between a TSB > 200% and injury risk in the current week 

when compared to a TSB of 100% (45). It was found however, that a TSB > 100% increased 

injury risk in the next week compared to a TSB of 100% (RR=2.20) (45). Hulin et al. (45) also 

discovered that, in comparison to a TSB of 50-99%, both a TSB ranging from 150-199% 

(RR=2.10), and >200% (RR = 4.50) increased risk of injury in the next week. The third study 

found that, when compared to a TSB of < 50%, any TSB >50% increased the odds of sustaining 

an injury, with odds ratios ranging from 1.17 to 4.00 (42), though it was not mentioned if this was 

during the current or next week. This was not a linear increase as a TSB of 150-199% had an 

odds ratio of 4.00, while a TSB that was > 200% had an OR of 1.17 (42).  

With regards to sRPE and ACWR, Jasper et al. (131) found that when compared to an ACWR of 

< 0.85, ACWRs of 0.87-1.12 and > 1.12 decreased injury risk with an OR of 0.49 and 0.69 

respectively. During pre-season and in-season time periods, Malone, Owen (128) discovered that 

ACWRs of 1.00 to 1.25 may increase injury risk both pre-season (OR = 0.68) and during season 

(OR = 0.28) when compared to an ACWR of ≤0.85. Similarly, a ratio of 0.85-1.00 may also 

decrease injury risk during pre-season when compared to ≤0.85 (OR = 0.95), though it may 

increase injury risk in season (OR = 1.05) (128). However, ACWRs ≥ 1.50 may increase injury 

risk during pre-season (OR = 3.03) and in season (OR=2.33) (128).  In the study by Malone, Roe 

(33), ACWR ≥ 1.00 led to ORs ranging from 0.88 to 5.33 when compared to an ACWR of 1.00. 

This same study also found that 1st year Gaelic football players were at higher odds of sustaining 

an injury when compared to 7th year players when the ACWR was ≥1.50 (33). The authors of this 

study commented that this may be due to first year players have a lower prior training history 

compared to the more experience players (33). Utilising the same ACWR, it was discovered that 

2nd and 3rd year players (OR = 0.20) and 4th to 6th year players (OR = 0.24) were at less odds of 
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sustaining an injury compared 7th year players, suggesting a bell curve regarding player 

experience and injury risk.  

McCall et al. (132), utilising sRPE, compared injured and non-injured players and found that a 

higher ACWR contributed a small to moderate effect size on injury (effect size = 0.45). In a 

similar fashion, Weiss et al. (133) discovered that ACWRs outside the range of 1.0-1.49 resulted 

in higher injury rates, ranging from 1.4 to 1.7 times more players injured. Carey et al. (142) also 

studied sRPE utilising the same methods mentioned in the previous section. This study found that 

utilising a timeframe of 9:18 days showed an increase in injury risk (RR = 1.97), while a 

timeframe of 9:28 days showed a slightly less increase in risk of injury (RR = 1.69) (142). 

McCall et al. (145) also utilised various timeframes and found that only 1:3 week and 1:4 week 

ACWR were associated with injury risk. Though it should be noted only three comparisons 

resulted in statistically significant outcomes: ACWR range of 0.97-1.38 compared to 0.60-0.97 

(RR = 1.68), >1.38 compared to 0.60-0.97 (RR = 2.13), and >1.42 compared to 0.59-0.97 (RR = 

1.90) (145). 

Colby et al. (135) examined sRPE and found that, compared to an ACWR range of 1.02-1.14, a 

ACWR > 1.30 decreased injury incidence (IRR = 0.93) while ranges of <0.86 (IRR = 1.38), 0.86-

1.02 (IRR = 1.02) and 1.14-1.30 (IRR = 1.01) increased injury incidence.  This reported 

relationship does not follow the other variables reported in this and other studies, with the highest 

ACWR range demonstrating the lowest injury risk. In another study by Colby et al. (137), it was 

found that 3 or more exposures to ACWR >1.37 over 2 weeks led to an increased injury 

incidence (IRR = 1.93) compare to less than 3 exposures over the same time frame. Johnston et 

al. (125) utilised EWMA ACWR in a study of endurance runners and found that, compared to a 

ratio of < 0.80, ratios of 0.80-1.30 (HR = 1.21), 1.30-1.50 (HR = 1.34), and > 1.50 (HR = 2.15) 

led to high changes of injury. 

Not every study found positive associations between ACWR with sRPE and injury risk. The 

study by Raya-Gonzalez et al. (138) found no association between ACWR and injury (OR=0.16), 

though it was unclear which ratios were being compared. Similarly, Delecroix et al. (140) found 

conflicting evidence with only ACWR > 0.85 leading to statistically significant result when 

compared to ACWR <0.85 (RR = 1.31) when using the 1:4 week calculation method. This study 

did find statistically significant associations between 1:3 weeks > 1.30 compared to 1:3 weeks ≤ 
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1.30 (RR = 1.37), 1:2 weeks ≤ 0.85 compared to 1:2 weeks > 0.85 (RR = 1.80), 1:2 weeks < 0.85 

and > 1.25 (RR = 1.55), 1:1 week < 0.85 to 1:1 week > 0.85 (RR = 1.94), 1:1 week < 1.25 to 1:1 

week >1.25 (RR = 1.68) and 1:1 week < 0.85 and > 1.25 (RR = 1.33), though the number of 

comparisons is likely to increase the probability of finding statistically significant results by 

chance alone (140).   

While most studies utilised sRPE on its own, Stares et al. (143) utilised ACWR of sRPE 

combined with very low chronic workloads of different variables (e.g. sprint distance). These 

were then compared to an ACWR of 0.9-1.2 and a high chronic workload. This study discovered 

that in the presence of very low chronic workloads (distance, sprint distance, and sRPE), risk of 

injury increased 7, 14, 21, and 28 days later with RR ranging from 2.71 to 6.93, similar to the 

results found using ELs (143). This study also examined an ACWR of 0.3-0.6 with a very low 

sRPE chronic workload and found that injury risks increase 7, 14, 21, and 28 days later (RR = 

2.15-2.38) compared to an ACWR of 0.90-1.20 and a high sRPE chronic workload (143). Colby 

et al. (135) also combined ACWR with a chronic load and, similar to Stares et al (143), found 

that a low chronic sRPE load (< 4660 AU) combined with a low ACWR (0.86-1.02) was likely to 

increase injury risk (IRR = 2.52) when compared to an above average chronic sRPE load (4660 

AU) and moderate ACWR (1.02-1.14). Malone et al. (129) combined sRPE with performance on 

fitness testing. This study demonstrates a trend that as individuals fitness decreases, measured by 

strength relative to bodyweight, and sprinting speed, the odds of injury increased (129). Lastly, 

the study by Esmaeili et al. (141) found that when combing ACWR calculated from sRPE and 

recent leg injuries the HR increased for both ACWR (HR = 3.70) and EWMA (HR = 6.80) 

compared to not  combination with leg injury (ACWR HR = 2.80, EWMA ACWR HR = 4.00).  

Other 

One study (134) examined heart rate variability (HRV), the variation in time between resting 

heart beats. This study analysed a common HRV parameter, Ln RMSSD, which is the log-

transformed square root of the mean sum of the squared differences between R-R intervals (134). 

It was  found that when comparing a normal ACWR combined with moderate Ln RMSSD, a high 

ACWR combined with a low Ln RMSSD led to an increase chance of injury (RR = 2.61). The 

normal and high ACWR were calculated by utilising within-individual z-scores which were 

parsed into tertiles resulting in z-scores of 0.31 to 0.41 for normal ACWR and >0.41 for high 



 
52 

 

ACWR (134). Hamlin et al. (136) compared various IL measures and found that mood (OR = 

0.89), energy (OR = 1.07), sleep duration (OR = 0.94) and academic stress (OR = 0.91) were 

significantly related to odds of injury in elite university athletes.  

Please refer to Table 5 for an overview of the statistics from each study including confidence 

intervals and p-values where appropriate.   
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Table 5. Key injury relationship data from each included article 
Article and 

Population 
Method Reference Variable ACWR/TSB Relationship 

  ACWR All Other ACWR TD ≤.30 current week (VL) RR=2.40 [2.80]* 

     ≤.30 next week (VL) RR=1.20 [2.00]* 

     ≤.45 2-week average (VL) RR=0.00 [0.00]* 

     0.31-0.66 current week (L) RR=5.00 [2.50]* 

     0.31-0.66 next week (L) RR=8.90 [3.40]* 

     0.46-0.74 2-week average (L) RR=7.60 [3.10]* 

     0.67-1.02 current week (ML) RR=10.2 [1.90]* 

     0.67-1.02 next week (ML) RR=7.80 [1.60]* 

     0.71-1.01 2-week average (ML) RR=8.90 [1.60]* 

     1.03-1.38 current week (M) RR=7.20 [1.50]* 

     1.03-1.38 next week (M) RR=7.80 [1.60]* 

     1.02-1.30 2-week average (M) RR=6.90 [1.60]* 

     1.39-1.74 current week (MH) RR=10.9 [3.60]* 

     1.39-1.74 next week (MH) RR=10.5 [3.70]* 

     1.31-1.58 2-week average (MH) RR =13.0 [4.30]* 

Hulin et al. (32)    1.75-2.10 current week (H) RR=8.30 [7.60]* 

     1.75-2.10 next week (H) RR=8.10 [7.40]* 

     1.59-1.87 2-week average (H) RR=11.8 [7.40]* 

Pop = Rugby 
League 

   ≥2.11 current week (VH) RR=16.7 [14.4]* 

     ≥2.11 next week (VH) RR=11.8 [12.9]* 

        ≥1.88 2-week average (VH) RR=16.7 [14.4]* 

  ACWR + L CW All Other ACWR + L CW TD ≤.0.30 2-week average (VL) RR=0.00 [0.00]* 

     0.31-0.66 2-week average (L) RR=7.80 [4.10]* 

     0.67-1.02 2-week average (ML) RR=10.0 [2.50]* 

     1.03-1.37 2-week average (M) RR=9.30 [2.60]* 

     1.38-1.74 2-week average (MH) RR=11.0 [4.90]* 

     1.75-2.16 2-week average (H) RR=5.90 [7.30]* 

        ≥2.17 2-week average (VH) RR=18.2 [14.9]* 

  
ACWR + H 
CW 

All Other ACWR + H CW TD ≤0.66 2-week average (VL) RR=0.00 [0.00]* 

     0.67-0.84 2-week average (L) RR=9.60 [4.10]* 

     0.85-1.01 2-week average (ML) RR=7.50 [2.20]* 

     1.02-1.18 2-week average (M) RR=6.20 [2.20]* 

     1.19-1.35 2-week average (MH) RR=7.10 [4.00]* 

     1.36-1.53 2-week average (H) RR=12.0 [10.7]* 

        ≥1.54 2-week average (VH) RR=28.6 [18.1]* 

  ACWR 0.8-1.2 HSR (>24 km/h) 5:14 days RR=2.74 [1.19-6.33] 

     5:24 days RR=2.49 [1.08-5.76] 

    MSR  (18-24 km/h) 3:28 days RR=2.59 [1.18-5.66] 

Carey et al. (142)    3:21 days RR=2.43 [1.11-5.32] 

     3:32 days RR=2.24 [1.03-4.90] 

Pop = AFL    5:14 days RR=2.18 [1.05-5.47] 
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Article and 

Population 
Method Reference Variable ACWR/TSB Relationship 

    sRPE 9:18 days RR=1.97 [1.17-3.31] 

     9:28 days RR=1.69 [1.02-2.81] 

Cross et al. (130)  
Pop = Rugby Union 

TSB Mean sRPE 172% (2 SD increase) OR=1.41 [0.60-2.80] 

  TSB  <50% sRPE  > 200%  OR=1.17[0.10-13.20]* 

Harrison et al. (42) 

Pop = AFL 
    150-199% OR=4.00 [0.43-37.17]* 

     100-149%  OR=3.52 [0.51-27.46]* 

         50-99% OR=2.80 [0.34-23.40]* 

  TSB  ≤100% Bowls per week  >200% 
No relationship with injury risk in 

current week 

      >100% RR=2.10 [1.81-2.44] next week 

Hulin et al.(45)  50-99% Bowls per week  >200% RR=3.30 [1.50-7.25] next week 

   <49% Bowls per week >200% RR=2.90 [1.14-7.40] next week 

    ≤100% sRPE  >200% 
No relationship with injury risk in 

current week 

Pop = Cricket       >100% RR=2.20 [1.91-2.53] next week 

   50-99% sRPE  >200% RR=4.50 [3.43-5.90] next week 

       150-199% RR=2.10 [1.25-3.53] next week 

     <49% sRPE  >200% RR=3.40 [1.56-7.43] next week 

  ACWR  ≤0.85 sRPE 0.85-1.00; pre-season OR=0.95 [0.98-3.95] 

     0.85-1.00; in-season OR=1.05 [0.98-3.95] 

Malone et al. (128)     1.00-1.25; pre-season OR=0.68 [0.08-1.66] 

     1.00-1.25; in-season OR=0.28 [0.08-1.26] 

Pop = Soccer     ≥1.50; pre-season OR=3.03 [1.69-3.75] 

         ≥1.50; in-season OR=2.33 [1.69-4.75] 

  ACWR  ≤0.85 HSR (>14.4km/h) 0.86-1.00 OR:1.20 [1.10-2.03]* 

     1.00-1.25 OR:2.27 [2.13-3.04]* 

Malone et al. (127)       ≥1.25 OR:3.02 [2.53-4.98]* 

    ≤0.70 SD (>19.8 km/h) 0.71-0.85 OR:0.85 [0.33-0.95]* 

Pop = Soccer    0.86-1.35 OR:1.15 [1.11-2.14]* 

         ≥1.35 OR:5.00 [3.01-7.38]* 

  ACWR 0.99-1.08 TD <0.88 IRR:1.17 [0.63-2.19] 

     0.88-0.99 IRR:0.60 [0.28-1.32] 

     1.08-1.21 IRR:1.37 [0.72-2.59] 

     >1.21 IRR:1.53 [0.84-2.76] 

   0.93-1.13 SD <0.67 IRR:1.83 [1.01-3.32] 

     0.67-0.93 IRR:0.99 [0.50-1.94] 

     1.13-1.40 IRR:1.06 [0.55-2.07] 

      >1.40 IRR:1.90 [1.01-3.58] 
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Article and 

Population 
Method Reference Variable ACWR/TSB Relationship 

   1.02-1.14 sRPE <0.86 IRR:1.38 [0.83-2.30] 

     0.86-1.02 IRR:1.02 [0.57-1.83] 

     1.14-1.30 IRR:1.01 [0.53-1.92] 

Colby et al. (135)    >1.30 IRR:0.93 [0.48-1.80] 

  ACWR + L CW 0.93-1.13 and >1097m SD <0.67; Low SD adj-IRR: 1.44 [0.64-3.27] 

Pop = AFL    0.67-0.93; Low SD adj-IRR:0.87 [0.31-2.43] 

     0.93-1.13; Low SD adj-IRR:0.78 [0.28-2.16] 

     1.13-1.40; Low SD adj-IRR:1.23 [0.51-2.93] 

     >1.40; Low SD adj-IRR:1.60 [0.68-3.78] 

     <0.67; High SD adj-IRR:1.64 [0.65-4.11] 

     0.67-0.93; High SD adj-IRR:1.00 [0.42-2.41] 

     1.13-1.40; High SD adj-IRR:0.73 [0.29-1.83] 

     >1.40; High SD adj-IRR:0.91 [0.36-2.29] 

   0.99-1.08 and >81694m TD <0.88; Low TD adj-IRR:1.11 [0.41-2.98] 

     0.88-0.99; Low TD adj-IRR: 0.80 [0.20-3.26] 

     0.99-1.08; Low TD adj-IRR:1.62 [0.53-4.89] 

     1.08-1.21:Low TD adj-IRR:1.73 [0.72-4.11] 

     >1.21; Low TD adj-IRR:2.60 [1.07-6.34] 

     <0.88; High TD adj-IRR:0.89 [0.29-2.74] 

     0.88-0.99; High TD adj-IRR:0.68 [0.19-2.42] 

     1.08-1.21; High TD adj-IRR:2.16 [0.78-6.02] 

     >1.21; High TD adj-IRR:1.36 [0.32-5.78] 

   1.02-1.14 and >4660 AU sRPE <0.86; Low sRPE adj-IRR:1.63 [0.70-3.77] 

     0.86-1.02; Low sRPE adj-IRR:2.52 [1.01-6.29] 

     1.02-1.14; Low sRPE adj-IRR:1.30 [0.37-4.63] 

     1.14-1.30; Low sRPE adj-IRR:1.02 [0.44-2.34] 

     >1.30; Low sRPE adj-IRR:0.61 [0.26-1.45] 

     <0.86; High sRPE adj-IRR:0.86 [0.30-2.50] 

     0.82-1.02; High sRPE adj-IRR:0.83 [0.34-2.04] 

     1.14-1.30; High sRPE adj-IRR:0.67 [0.25-1.85] 

        >1.30: High sRPE adj-IRR:0.62 [0.13-3.07] 

  ACWR 1.00 sRPE  ≥2.00; pre-season OR=3.33 [1.69-6.75] 

     ≥2.00; early in-season OR:4.33 [1.69-6.75] 

      1.35-1.50; late in-season OR:3.25 [1.69-7.51] 

      ≥2.00; late in-season OR:5.33 [1.69-6.75] 

Malone et al. (33)     ≥2.00; total in-season OR:3.33 [1.69-6.65] 

     1.00-1.35; pre-season OR=1.95 [0.98-3.95] 

      1.35-1.50; pre-season OR=0.88 [0.28-4.66] 

Pop = Gaelic 

Football 
   1.00-1.35; early in-season OR=1.95 [0.98-3.95] 

     1.35-1.50; early in-season OR=0.88 [0.28-4.66] 

       1.00-1.35; late in-season OR=2.95 [0.98-3.95] 

    ≥1.50; 7th year sRPE  ≥1.50; 1st year OR:2.22 [1.45-3.36] 

      ≥1.50; 2nd-3rd year OR:0.20 [0.04-0.78] 
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       ≥1.50; 4th-6th year OR:0.24 [0.06-0.80] 

McCall et al. (132) ACWR 0.60-2.0 sRPE 1.65-1.75 ES:0.45 [0.31-0.87]* 

Pop = Soccer   0.90-1.10 # of sessions 1.00-2.00 ES:0.83 [0.56-1.60]* 

  ACWR 1.0-1.49 TD >2.0; pre-season RR:8.41 [1.09-64.93] 

      >2.0; in-season RR:6.52 [4.83-8.80] 

    HSR (18.01-24.00 km/h)  >2.0; in-season RR:4.66 [4.12-5.27] 

Murray et al. (99)     Player Load >2.0; in-season RR:5.87 [4.12-8.36] 

  EMWA ACWR 1.0-1.49 TD >2.0; pre-season RR:8.74 [7.35-10.39] 

      >2.0; in-season RR:21.28 [20.02-22.62] 

Pop = AFL   MSR (6.00-18.00km/h)  >2.0; pre-season RR:6.03 [2.21-16.4] 

       >2.0; in-season RR:18.19 [17.17-19.27] 

    Player Load  >2.0; pre-season RR:9.53 [5.31-17.11] 

         >2.0; in-season RR:13.43 [12.75-14.14] 

  ACWR 1.02-1.22 TD  1.23-1.61; short recovery RR=2.88 [0.97-8.55]* 

Hulin et al. (126)       ≥1.62; short recovery RR=5.80 [1.75-19.2]* 

    0.67-0.86 TD ≥1.62; short recovery RR=3.41 [1.17-9.91]* 

Pop = Rugby 

League 
  1.10-1.20 TD  ≥1.50; long recovery RR=4.46 [0.91-21.91]* 

  ACWR <0.79 HSR (>20km/h)  >1.18 OR=1.71 [1.08-3.26]* 

Jaspers et al. (131)  <0.87 Acceleration efforts  0.85-1.12 OR=0.39 [0.23-0.65]* 

    <0.86 Deceleration efforts  0.86-1.12 OR=0.38 [0.20-0.72]* 

Pop = Soccer  <0.85 sRPE 0.87-1.12 OR=0.49 [0.24-1.02]* 

         >1.12 OR=0.69 [0.42-1.13]* 

  ACWR <0.49 TD >2.0; in-season RR:7.98 [5.86-10.88]* current week 

     HSR (18.01-24.00 km/h) >2.0; in-season 
RR:11.62 [10.04-13.45]* current 
week 

   0.50-0.99 TD >2.0; in-season RR:5.04 [4.16-6.11]* current week 

    LSR (0.00-6.00 km/h) >2.0; in-season RR:9.06 [7.78-10.56]* current week 

    MSR (6.01-18.00km/h) >2.0; in-season 
RR:10.98 [10.73-11.25]* current 

week 

    HSR (18.01-24.00 km/h) >2.0; pre-season RR:6.46 [4.63-9.02]* next week 

    HSR (18.01-24.00 km/h) >2.0; in-season RR:9.63 [9.21-10.07]* current week 

     Player Load >2.0; in-season RR:6.27 [5.62-6.00]* current week 

Murray et al. (111)  1.00-1.49 TD >2.0; pre-season RR:4.87 [2.33-10.21]* next week 

      >2.0; in-season RR:5.49 [4.19-7.20]* next week 

    LSR (0.00-6.00 km/h) >2.0; pre-season RR:8.29 [2.90-23.69]* next week 

Pop = AFL     >2.0; in-season RR:7.25 [6.44-8.16]* next week 

    MSR (6.01-18.00km/h) >2.0; in-season RR:7.21 [6.80-7.65]* next week 

    HSR (18.01-24.00 km/h) >2.0; in-season RR:6.54 [6.19-6.92]* current week 

        RR:4.36 [3.50-5.43]* next week 

    Player Load >2.0; pre-season RR:12.46 [8.35-18.59]* next week 

     >2.0; in-season RR:7.72 [7.57-7.88]* current week 

          RR:5.80 [4.62-7.27]* next week 

  ACWR  0.9-1.2, High Chronic Load sRPE 1.8-2.1, Very Low Chronic TD IRR:4.96; p=0.00 7 days later 
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      IRR:5.67; p=0.00 14 days later 

      IRR:6.93; p=0.00 21 days later 

       IRR:4.89; p=0.00 28 days later 

     1.8-2.1, Very Low Chronic SD IRR:6.36; p=0.00 7 days later 

      IRR:4.58; p=0.00 14 days later 

      IRR:3.51; p=0.01 21 days later 

       IRR:2.81; p=0.03 28 days later 

     1.8-2.1, Very Low Chronic sRPE IRR:3.21; p=0.01 7 days later 

      IRR:3.32; p=0.00 14 days later 

      IRR:3.47; p=0.00 21 days later 

       IRR:2.71; p=0.00 28 days later 

      0.3-0.6, Very Low Chronic sRPE IRR:2.25; p=0.03 7 days later 

      IRR:2.38; p=0.02 14 days later 

      IRR:2.18; p=0.02 21 days later 

        IRR:2.15; p=0.01 28 days later 

    TD  1.5-1.8, Very Low Chronic SD IRR:3.31; p=0.02 7 days later 

      IRR:3.00; p=0.02 14 days later 

      IRR:2.53; p=0.02 21 days later 

       IRR:2.36; p=0.07 28 days later 

Stares et al. (143)     0.0-0.3, Low Chronic Distance IRR:8.19; p=0.02 7 days later 

      IRR:5.49; p=0.06 14 days later 

      IRR:4.16; p=0.11 21 days later 

Pop = AFL       IRR:3.16; p=0.19 28 days later 

    SD (>75% max speed) 2.1-3.0, Very Low Chronic SD IRR:3.04; p=0.03 7 days later 

      IRR:2.36; p=0.02 14 days later 

      IRR:1.94; p=0.03 21 days later 

       IRR:1.47; p=0.20 28 days later 

     2.1-3.0, Very Low Chronic sRPE IRR:3.14; p=0.03 7 days later 

      IRR:2.11; p=0.04 14 days later 

       IRR:2.39; p=0.01 21 days later 

     0.0-0.3 Very Low Chronic sRPE IRR:2.84; p=0.02 7 days later 

      IRR:1.56; p=0.19 14 days later 

      IRR:2.06; p=0.02 21 days later 

      IRR:1.61; p=0.07 28 days later 

       IRR:1.78; p=0.07 28 days later 

      1.8-2.1, Low Chronic Distance IRR:3.74; p=0.02 7 days later 

      IRR:2.63; p=0.04 14 days later 

      IRR:2.46; p=0.05 21 days later 

       IRR:1.69; p=0.24 28 days later 

     2.1-3.0, Low Chronic Distance IRR:3.71; p=0.03 7 days later 

      IRR:3.91; p=0.00 14 days later 

      IRR:3.83; p=0.00 21 days later 

       IRR:2.86; p=0.01 28 days later 

     2.1-3.0, Low Chronic Sprint Distance IRR:5.11; p=0.02 7 days later 
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      IRR:3.37; p=0.01 14 days later 

      IRR:3.21; p=0.00 21 days later 

          IRR:2.41; p=0.03 28 days later 

  ACWR 1.0-1.49 sRPE  ≤ 0.5 1.5x more injured players [0.30]^ 

Weiss et al. (133)    0.5 and 0.99  1.4x more injured players [0.25]^ 

Pop = Basketball       ≥ 1.5 1.7x more injured players [0.50]^ 

Williams et al. (134) 

Pop = Cross-Fit 
ACWR 

Normal' ACWR and 'moderate' 

LnRMSSW 
HRV High' ACWR and 'low' LnRMSDD RR: 2.61 [1.38-4.93]* 

 ACWR All Other sRPE 0.90-1.30 Protective effect 

   >1.25 and > 3.00 kg/kg deadlift sRPE >1.25 and 2.50-2.90 kg/kg deadlift OR: 1.33 [1.10-1.59] 

     >1.25 and 1.70-2.40 kg/kg deadlift OR: 2.48 [1.33-3.87] 

       >1.25 and 1.00-1.70 kg/kg deadlift OR: 5.10 [3.98 -6.10] 

   >1.25 and 5 m in < 0.88 seconds sRPE >1.25 and 5 m in 0.88-0.92 seconds OR: 2.11 [1.45-3.23] 

Malone et al. (129)    >1.25 and 5 m in 0.92-0.95 seconds OR: 3.23 [2.11-4.12] 

       >1.25 and 5 m in >0.95 seconds OR: 3.98 [2.34-4.55] 

Pop = Hurling  >1.25 and 10 m in < 1.75 seconds sRPE >1.25 and 10 m in 1.75-1.78 seconds OR: 1.87 [1.34-2.54] 

     >1.25 and 10 m in 1.78 - 1.83 seconds OR: 2.11 [1.45-3.11] 

       >1.25 and 10 m in > 1.83 seconds OR: 2.78 [1.32-3.14] 

   >1.25 and 20 m in < 2.85 seconds sRPE >1.25 and 20 m in 2.85-2.89 seconds OR: 2.11 [1.76-3.12] 

     >1.25 and 20 m in 2.89 - 3.01 seconds OR: 3.12 [2.87-4.11] 

       >1.25 and 20 m in > 3.01 seconds OR: 4.55 [2.12-4.98] 

   >1.25 and < 30 seconds RST sRPE >1.25 and 30.50 - 34.00 seconds RST OR: 1.02 [0.26-2.59] 

     >1.25 and 34.50 - 36.00 seconds RST OR: 2.48 [1.33-3.87] 

        >1.25 and 36.50 - 40.00 seconds RST OR: 5.10 [3.98 -6.10] 

  EMWA ACWR N/A Mood N/A OR: 0.89 [0.85-0.94] 

Hamlin et al. (136)   Sleep Quality N/A OR: 1.01 [0.96-1.06 

    Sleep Duration N/A OR: 0.94 [0.91-0.97] 

Pop = Various 

Sports 
  Energy N/A OR: 0.91 [0.88-0.94] 

    Academic N/A OR: 1.07 [1.01-1.14] 

      Combined N/A χ2= 31.76, 3 DoF 

  ACWR <2.11 sRPE >2.11 RR: 1.25 [0.67-2.35], p = 0.69 

   <1.5 sRPE >1.5 RR: 1.20 [0.81-1.77], p = 0.92 

   <1.3 sRPE >1.3 RR: 0.98 [0.71-1.36], p = 0.12 

   <1.25 sRPE >1.25 RR: 0.87 [0.64-1.20], p = 0.83 

   <0.85 sRPE >0.85 RR: 1.31 [1.02-1.70], p = 0.48 

Delecroix et al. 
(140) 

 3 weeks ≤ 1.30 sRPE 3 weeks > 1.30 RR: 1.37 [1.05-1.77, p = 0.01 

   2 weeks > 0.85 sRPE 2 weeks ≤ 0.85 RR: 1.80 [1.38-2.33], p = <0.001 

Pop = Soccer  2 weeks < 0.85 or >1.25 sRPE N/A RR: 1.55 [1.20-1.99], p = <0.001 

   1 week > 0.85 sRPE 1 week > 0.85 RR: 1.94 [1.51-2.49], p = <0.001 

   1 week > 1.25 sRPE 1 week > 1.25 RR: 1.68 [1.23-2.29], p = 0.001 

   1 week < 0.85 or > 1.25 sRPE N/A RR: 1.33 [1.01-1.75], p = 0.04 

   0.85 - 1.25 sRPE > 2.11 RR: 1.34 [0.70-2.56], p = 0.37 
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     > 1.5 RR: 1.27 [0.84-1.92], p = 0.25 

     > 1.3 RR: 1.06 [0.75-1.51], p = 0.73 

     > 1.25 RR: 0.97 [0.69-1.36], p = 0.88 

     < 0.85 RR: 1.29 [0.97-1.72], p = 0.07 

        < 0.85 or > 1.25 RR: 1.16 [0.89-1.49], p = 0.27 

  ACWR N/A Duration N/A AUC: 0.580 [0.496-0.651], p = 0.09 

    TD N/A AUC: 0.549 [0.473-0.646], p = 0.097 

Cummins et al. 

(139) 
  Relative distance (m/min) N/A AUC: 0.492 [0.406-0.585], p = 0.811 

    HSR (>20 km/h) N/A AUC: 0.504 [0.426-0.590], p = 0.205 

    VHSR (>25 km/h) N/A AUC: 0.543 [0.445-0.638], p = 0.205 

Pop = Rugby 

League 
  Acceleration efforts N/A AUC: 0.605 [0.533-0.680, p = 0.001 

    Deceleration efforts N/A AUC: 0.581 [0.503-0.650], p = 0.037 

      Player Load N/A AUC: 0.561 [0.460-0.656], p = 0.155 

  EMWA ACWR <0.80 sRPE 0.80-1.30 HR: 1.21 [1.01-1.44] 

Raya-Gonzalez et al. 

(138) 
Pop = Soccer 

ACWR Unknown sRPE Unknown OR: 0.16 [0.01-1.84]* 

Colby et al. (137) 

Pop = AFL 
ACWR 

<3 exposures to ACWR >1.37 over last 

2 weeks 
sRPE 

≥3 exposures to ACWR >1.37 over last 2 

weeks 
Adj-IRR 1.93 (1.13-3.31) 

Johnston et al. (125)    1.30-1.50 HR: 1.34 [1.01-1.76 

Pop = Endurance 
Sports 

    >1.50 HR: 2.15 [1.04-4.44] 

  ACWR 1:4; <0.60 sRPE 1:4; 0.60 - 0.97 RR: 0.88 [0.44-1.73] 

     1:4; 0.97 - 1.38 RR: 1.47 [0.78-2.78 

       1:4, > 1.38 RR: 1.86 [0.93-3.72] 

   1:4, 0.60 - 0.97 sRPE 1:4; 0.97 - 1.38 RR: 1.68 [1.02-2.78] 

McCall et al. (145)      1:4, > 1.38 RR: 2.13 [1.20-3.77] 

   1:4, 0.97 - 1.38 sRPE 1:4, > 1.38 RR: 1.27 [0.76-2.11] 

Pop = AFL  1:3, <0.59 sRPE 1:3, 0.59 - 0.97 RR: 0.77 [0.41-1.44] 

     1:3. 0.97-1.42 RR: 1.17 [0.65-2.11] 

       1:3, > 1.42 RR: 1.47 [0.76-2.82] 

   1:3, 0.59 - 0.97 sRPE 1:3. 0.97-1.42 RR: 1.52 [0.92-2.48] 

       1:3, > 1.42 RR: 1.90 [1.08-3.36] 

    1:3. 0.97-1.42 sRPE 1:3, > 1.42 RR: 1.25 [0.74-2.11] 

  EMWA ACWR <0.80 Player Load > 1.30 RR: 3.05 [1.38-6.76]* 

   0.80-1.30 Player Load > 1.30 RR: 3.33 [1.35-8.19]* 

  <0.80 and low 21-day chronic workload Player Load > 1.30 and 21-day L CW RR: 14.15 [2.36-84.91]* 

   
0.80-1.30 and low 21-day chronic 

workload 
Player Load >1.30 and 21-day L CW RR: 30.67 [3.03-310.51]* 

  <0.80 and high 21-day chronic workload Player Load 0.80-1.30 and 21-day H CW RR: 2.59 [1.36-4.93]* 

    >1.30 and high 21-day chronic workload Player Load 0.80-1.30 and 21-day H CW RR: 14.52  [2.38-88.66]* 
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  ACWR 
1.01-1.25 pre-season, 1.03-1.14 

inseason 
sRPE <0.82 pre-season, <0.92 in-season HR: 1.03 [0.61-1.75]* 

     0.82-0.96 pre-season, 0.92-1.00 in-season HR: 1.05 [0.62-1.79]* 

       >1.25 pre-season, >1.14 in-season HR: 2.10 [1.32-3.30]* 

   
1.10-1.53 pre-season, 1.05-1.22 

inseason 
Player Load <0.86 pre-season, <0.87 in-season HR: 0.84 [0.47-1.52]* 

     0.86-1.09 pre-season, 0.87-1.04 in-season HR: 1.47 [0.88-2.50]* 

       > 1.53 pre-season, >1.22 in-season HR: 2.20 [1.36-3.60]* 

   
1.10-1.52 pre-season, 1.05-1.22 

inseason 
TD <0.85 pre-season, <0.88 in-season HR: 0.92 [0.51-1.67]* 

     0.85-1.09 pre-season, 0.88-1.04 in-season HR: 1.85 [1.11-3.10]* 

      >1.52 pre-season, >1.22 in-season HR: 2.40 [1.48-3.90]* 

   
1.06-1.50 pre-season, 1.03-1.24 

inseason 
HSR (> 4.17 m/s) <0.78 pre-season, <0.83 in-season HR: 0.67 [0.39-1.14]* 

     0.78-1.05 pre-season, 0.83-1.02 in-season HR: 0.90 [0.55-1.47]* 

Sampson et al. 
(144)  

      >1.50 pre-season, >1.24 in-season HR: 1.37 [0.88-2.10]* 

  EWMA ACWR 
0.97-1.11 pre-season, 1.01-1.10 

inseason 
sRPE <0.86 pre-season, <0.92 in-season HR: 1.75 [0.98-3.10]* 

     0.86-0.96 pre-season, 0.92-1.00 in-season HR: 1.52 [0.83-2.80]* 

       >1.11 pre-season, >1.10 in-season HR: 4.00 [2.40-6.70]* 

Pop = American 

Football   
 1.16-1.49 pre-seaon, 1.02-1.16 inseason Player Load <0.92 pre-season, <0.89 in-season HR: 3.30 [1.64-6.70]* 

     0.92-1.15 pre-season, 0.89-1.01 in-season HR: 1.92 [0.90-4.00]* 

       >1.49 pre-season, >1.16 in-season HR: 6.80 [3.50-13.00]* 

   
1.15-1.48 pre-season, 1.02-1.16 

inseason 
TD <0.91 pre-season, <0.89 in-season HR: 3.00 [1.52-6.30]* 

     0.91-1.14 pre-season, 0.89-1.01 in-season HR: 2.10 [1.01-4.40]* 

       >1.48 pre-season, >1.16 in-season HR: 6.80 [3.60-13.00]* 

   
1.09-1.43 pre-season, 1.00-1.16 
inseason 

HSR (> 4.17 m/s) <0.86 pre-season, <0.84 in-season HR: 1.59 [0.83-3.00]* 

     0.86-1.08 pre-season, 0.84-0.99 in-season HR: 2.00 [1.09-3.90]* 

        >1.43 pre-season, >1.16 in-season HR: 4.60 [2.60-8.10]* 

  ACWR 
1.01-1.25 pre-season, 1.03-1.14 
inseason 

sRPE <0.82 pre-season, <0.92 in-season HR: 1.01 [0.59-1.75]* 

     0.82-0.96 pre-season, 0.92-1.00 in-season HR: 0.96 [0.57-1.67]* 

     >1.25 pre-season, >1.14 in-season HR: 1.81 [1.12-2.90]* 

       >1.25 pre-season, >1.14 in-season + RLI HR:3.70 [1.78-7.80]* 

  combined with 
1.10-1.53 pre-season, 1.05-1.22 
inseason 

Player Load <0.86 pre-season, <0.87 in-season HR:1.02 [0.54-1.92]* 

  previous leg   0.86-1.09 pre-season, 0.87-1.04 in-season HR: 1.72 [0.98-3.00]* 

  injuries   > 1.53 pre-season, >1.22 in-season HR: 2.50 [1.50-4.30]* 

       > 1.53 pre-season, >1.22 in-season + RLI HR: 5.40 [2.50-12.00]* 
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1.10-1.52 pre-season, 1.05-1.22 

inseason 
TD <0.85 pre-season, <0.88 in-season HR: 1.14 [0.60-2.20]* 

     0.85-1.09 pre-season, 0.88-1.04 in-season HR: 2.30 [1.27-4.00]* 

     >1.52 pre-season, >1.22 in-season HR: 2.80 [1.48-3.90]* 

       >1.52 pre-season, >1.22 in-season + RLI HR: 5.80 [2.70-12.50]* 

   
1.06-1.50 pre-season, 1.03-1.24 

inseason 
HSR (> 4.17 m/s) <0.78 pre-season, <0.83 in-season HR: 0.62 [0.35-1.10]* 

     0.78-1.05 pre-season, 0.83-1.02 in-season HR: 0.98 [0.58-1.64]* 

     >1.50 pre-season, >1.24 in-season HR: 1.30 [0.81-2.10]* 

        >1.50 pre-season, >1.24 in-season + RLI HR: 2.80 [1.36-5.90]* 

  EWMA ACWR 
0.97-1.11 pre-season, 1.01-1.10 

inseason 
sRPE <0.86 pre-season, <0.92 in-season HR: 1.75 [0.99-3.10]* 

  combined with   0.86-0.96 pre-season, 0.92-1.00 in-season HR: 1.27 [0.68-2.30]* 

  previous leg   >1.11 pre-season, >1.10 in-season HR: 3.60 [2.10-6.10]* 

  injuries     >1.11 pre-season, >1.10 in-season + RLI HR: 6.80 [3.20-14.00]* 

   
1.16-1.49 pre-season, 1.02-1.16 in-
season 

Player Load <0.92 pre-season, <0.89 in-season HR: 3.30 [1.54-7.70]* 

     0.92-1.15 pre-season, 0.89-1.01 in-season HR: 2.40 [1.06-2.60]* 

     >1.49 pre-season, >1.16 in-season HR: 8.00 [3.90-17.00]* 

       
 

>1.49 pre-season, >1.16 in-season + RLI 

 

HR: 16.00 [6.40-40.00]* 

   
1.15-1.48 pre-season, 1.02-1.16 in-

season 
TD <0.91 pre-season, <0.89 in-season HR: 3.10 [1.41-6.70]* 

     0.91-1.14 pre-season, 0.89-1.01 in-season HR: 2.70 [1.19-6.30]* 

     >1.48 pre-season, >1.16 in-season HR: 8.10 [3.90-17.00]* 

       >1.48 pre-season, >1.16 in-season + RLI HR: 16.00 [6.40-40.00]* 

   
1.09-1.43 pre-season, 1.00-1.16 in-

season 
HSR (> 4.17 m/s) <0.86 pre-season, <0.84 in-season HR: 1.67 [0.82-3.30]* 

     0.86-1.08 pre-season, 0.84-0.99 in-season HR: 2.10 [1.04-4.00]* 

     >1.43 pre-season, >1.16 in-season HR: 5.10 [2.80-9.40]* 

        >1.43 pre-season, >1.16 in-season + RLI HR: 5.70 [2.60-12.00]* 

Key: ACWR: Acute:Chronic Workload Ratio, HSR: High Speed Running, MSR: Medium Speed Running, sRPE: session Rating of Perceived Exertion, []: 95% 

Confidence Interval, []*: 90% Confidence Interval, TSB: Training Stress Balance, TD: Total Distance, L CW: Low Chronic Workload, H CW: High Chronic 

Workload, LSR: Low Speed Running, SD: Sprint Distance, HRV: Heart Rate Variability, LnRMSSD: log-transformed square root of the mean sum of the 

squared differences between R-R intervals, RLI: Recent Leg Injury, RR: Relative risk, OR: Odds ratio, IRR: Incidence rate ratio, adj-IRR: adjusted IRR, HR: 

Hazard Ratio
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Combined Effect Size 

Seven studies were analysed to produce a combined effect size (32, 33, 45, 99, 111, 127, 128) 

(Figure 7). Variables examined included TD (32, 99, 111), sRPE (33, 45, 128), HSR (111, 127), 

PL (111), and MSR (111). The combined effect sizes show a trend for an ACWR range of 0.80-

1.30 being related to a lower injury risk. In terms of OR, ACWR greater than 2.0 showed a higher 

risk (OR = 4.00, 95%CI = 1.65-9.68), compared to a range of 1.30-2.00 (OR = 1.69, 95%CI = 

0.67-4.30), and 0.80-1.30 (OR = 0.59, 95% CI= 0.14-2.45 and 1.65, 95%CI = 1.51-1.81). For 

RR, ACWR > 2.0 resulted in RRs ranging from 3.91 to 8.90, while <0.8 had a RR of 3.57 

(95%CI = 1.65-9.68) and 1.30-2.00 was 11.51 (95%CI = 5.57-23.79). The range of 1.30-2.00 

appears to be an outlier, possibly due to the study using all other ACWR as a reference value 

which included low ranges, such as <0.30. While this study (32) was unable to create a combined 

effect size for ACWR >2.00, it does report a single result demonstrating a higher RR (16.7). No 

variable was present across all 4 ranges for comparison, however two were included in 3 ranges 

(sRPE and TD). sRPE shows a higher combined OR in an ACWR greater than 2.00 (OR = 4.00, 

95%CI = 1.65-9.68) compared to 1.30-2.00 (OR = 1.69, 95%CI= 0.67-4.30) and 0.8-1.3 (OR = 

0.59, 95%CI = 0.14-2.45), while TD shows a higher RR in the ACWR of 1.3-2.0 (RR = 11.51, 

95%CI = 5.57-23.79), compared to greater than 2.0 (RR = 5.73, 95%CI = 3.42-9.59 and 7.41, 

95%CI = 1.72-31.89) and <0.8 (RR = 3.57, 95%CI = 1.65-9.68).  
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Figure 8.Calculated ACWR combined effect size 

 

Key: Combined effect size created in Comprehensive Meta-Analysis software using the following criteria: examined ACWR and injury predictability without the 

effect of other variables, results were published in either odds ratios or relative risk (as these were the only present results that could be combined), and the study 

contained multiple outcomes in the ACWR ranges of <0.80, 0.80-1.30, 1.30-2.00, and >2.00. This resulted in seven studies included. sRPE: session Rating of 

Perceived Exertion, OR: Odds ratio, RR: Relative risk, MSR: Medium speed running, PL: Player load, HSR: High speed running, TD: Total distance 
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Discussion 

The aim of this systematic review was to identify, critically appraise, and synthesise key findings 

in the literature regarding ACWR and provide evidence for an ACWR that results in the lowest 

injury risk. This review found the literature was generally of “good” quality. Furthermore, the 

research included high variability in points of reference, ACWR ranges, and variables tested. It 

appears that utilising ACWR with external and internal loads may relate to injury risk, with 

EWMA ACWR potentially resulting in a more sensitive measure, however the high variability of 

the involved studies makes it difficult to be sure. There also appears to be a trend towards the 

ratios of 0.80 to 1.30 demonstrating the lowest risk of injury.  

External Loads 

There was high variability in the variables measured, reference groups and ACWR ranges. For 

example, while HSR was a relatively common variable studied the definitions varied between 

articles. One study defined HSR as anything greater than 20 km/hr (131), while another study 

defined HSR as anything greater than 14.4km/hr (127). With regards to reference groups, one 

study utilised a reference group of less than or equal to 0.85 (127), while another used 1.00-1.49 

(99). Given the notable variability between studies, systematic comparison and analysis is 

difficult. However, given the high number of statistically significant results across the range of 

studies (32, 45, 99, 111, 126, 127, 131, 132, 135, 142, 143) of “good” quality it is likely that 

utilising ELs and ACWR may have a relationship with injury risk. While this article was not able 

to adequately compare variables to find those most related to injury risk, it does appear that the 

ACWR itself may matter more than the variable studied. For example, utilising LSR, MSR, and 

HSR all tended to result in increased injury risked with higher ACWR. Further research will need 

to be completed to adequately compare variables to each other.  

Internal Loads 

High variability also existed in using ILs and ACWRs. While most studies utilised sRPE, 

reference groups ranged from 1.00 (33), to 0.90-1.20 (143). ACWRs were also variable as one 

study (128) examined a range from 0.85 to 1.00, while another study (33) analysed a range from 

1.00 to 1.35. ACWRs were also examined in combination with varying chronic workloads (143) 

or varying times in the year (33). This makes further systematic analysis of the effectiveness of 
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the ACWR while using ILs difficult. However, with the “good” quality of included studies (33, 

42, 45, 128, 130-135, 142, 143), it does appear that utilising ACWR and sRPE may relate to 

injury risk in athletic populations. In addition, it was also found that utilising ACWR and 

measures of stress, sleep, mood, and energy were significantly related to injury risk (136). 

Limitations 

Several limitations exist in this paper. As noted in the Methods section, there is potential for 

search bias, duplication bias, inclusion criteria bias and selector bias. Publication bias might also 

exist in the current literature, but this was not accounted for in the current study, which may 

influence the positive findings regarding ACWR and its association with injury risk. Secondly, a 

meta-analysis may have been able to provide more objective information. This was unable to be 

completed due to the high variability in the data, as well as difference in statistical variables used 

(OR, RR, and IRR). Authors were contacted (as stated in the methods) for their data in an attempt 

to convert all outcomes to one variable (such as OR), however not enough authors responded. 

Future research should utilise either one statistical variable or present the sample numbers of 

athletes injured and non-injured to allow conversion between variables.  

Though there appears to be a relationship between both ELs and ILs and injury risk, It is 

important to note, this relationship may be the result of false correlations due to the acute load 

being present in both the numerator and denominator (46) or confounded from an athletic 

schedule (47). Future research will need to be performed demonstrate the impact of these factors. 

Until these factors are accounted for in future research, findings should not be interpreted with 

complete confidence. Clinically, practitioners should realise the ACWR is only part of managing 

load and injury risk. Other methods, such as week to week changes, or factors, such as sleep, 

recovery, and nutrition, need to be utilised as part of a comprehensive injury management 

program. In addition, studies presented in this article also highlighted the importance of fitness 

(129) and previous injury risk on injury risk (141), and these factors should not be ignored when 

attempting to minimise incidence of injuries.  

Conclusion 

Given the high variability in studies, little statistical information can be constructed based on the 

current research. However, the studies included in this review were generally of “good” quality, 
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were completed in multiple countries and encompassed various sports. These studies do suggest 

that ACWRs follow a parabolic curve when related to injury risk. This is in support of Gabbett 

(31), who stated the lowest injury risk would fall between 0.80 and 1.30. In the future, 

researchers should collaborate on methodologies or generate a set of protocols to follow when 

designing studies with similar reference values, ACWR ranges, and confidence intervals. An 

example of a set reference group may be the range of 0.80-1.30, as it may be correlated to the 

lowest risk of injury. This will potentially result in a more robust field of research, allowing 

strong conclusions regarding the relationship between ACWR and injury risk. As the relationship 

between the ACWR and injury risk may be due, in part, to statistical anomalies, further 

understanding of the potential faults and limitations of the ACWR is necessary. The next chapter 

further explore the concept of the ACWR to achieve this understanding.   

Addendum 

It should be noted that statements in this chapter framed as “TL resulted in injury risk of…” must 

interpreted with caution due to the difficulty on identifying causal factors of injury due to its 

multifactorial nature and current state of the literature (as introduced in the addendum of Chapter 

III). 

In addition to the limitations noted above, further critical analysis of the ACWR and findings 

from these studies is warranted. As mentioned in the addendum of Chapter III, the ACWR has 

been recently criticised in the literature which is discussed at length in Chapter V. Articles 

included in this review highlight one of the concerns noted in the addendum of Chapter III, 

notably discretisation of continuous variables and multiple comparisons which increase the 

likelihood of Type 1 errors. For example, the study by Delecroix et al. (140) states that high 

sensitivity and/or specificity were not achieved when trying to predict injury risk with the 

ACWR. Given the number of comparisons in this study, it is possible that significant findings 

could be found through chance (140). The stated low sensitivity and specificity findings in this 

study do highlight that caution needs to be utilised when interpreting significant relationships. 

These significant relationships may be present despite low classification accuracy and 

predictability.  
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A portion of articles included in this review have included an injury lag in their analysis (32, 128, 

144). This is an area that requires further exploration and inclusion in future research. Training 

load may overload bodily tissue, but the resultant injury isn’t experienced until weeks later (146). 

This provides further confounding on whether an injury may be to TL in the previous week or 

have accumulated from the completed training over a period of months.  

Further, although the studies were generally considered to be of “good” quality, only two 

questions of the Downs and Black checklist address the use of confounding variables (122). This 

lack of accounting for confounding variables in the majority of included studies, as well as a wide 

range of variables with differing definitions, contributes to the lack of statistical information that 

can be implemented from this chapter, despite the “good” quality of included studies.  
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Chapter V 

The Acute:Chronic Workload Ratio: An 

Update on the Literature on its 

Implementation 
 

 

Preface 

The systematic review reported in Chapter IV found significant associations between the ACWR 

and injury risk. However, limitations to the ACWR model were identified, and results of the 

review showed high variability in reference ranges and definitions of variables used. Since the 

publication of this review, further studies have been published questioning the physiological and 

mathematical underpinnings of the ACWR. Through a narrative review, this chapter provides an 

update on the ACWR literature, and the drawbacks associated with its use.  

 

This chapter has been formatted for publication in the ‘Strength and Conditioning Journal’. 
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Introduction 

The Acute Chronic:Workload Ratio (ACWR) has been proposed as a method to optimise an 

individual’s training load (TL) to ultimately reduce injury risk while maintaining a sufficient TL 

to stimulate fitness. The ACWR approach aims to achieve this by giving clinicians an ongoing 

measure of load that can be adjusted to avoid sudden changes, or spikes, in training that can 

increase injury risk (31). Numerous variables of TL that inform ACWR have been researched and 

range from total distance (69) and high speed running (127) to session Rating of Perceived 

Exertion (sRPE) (126) and heart rate variability (HRV) (147). Derived safe ratios to train in (0.80 

-1.30) and ratios that increase injury risk (< 0.80 and > 1.50) have been postulated (31). 

Additionally, the ACWR approach has been used across a variety of sports (e.g., AFL, rugby 

league, soccer) and has been suggested to be able to predict injuries within these sports (99, 126, 

128). The ubiquitous nature and ease of use of the ACWR has caused it to grow significantly in 

popularity since the time it was proposed, with Gabbett’s paper on the ACWR accruing 1119 

citations since its publication in 2016 (31). Subsequently the ACWR has also been included in 

two consensus statements on TL (29, 37). However, recent research has questioned the validity 

and reliability of the ACWR (46, 109, 110), and whether it is a suitable method to adjust TL with 

the intent to reduce injury risk.  

Methods of updating the ACWR have been made in an attempt to overcome these questions and 

are presented briefly here before further detailing later in the chapter. One method is the 

uncoupled ACWR which removes acute TL from the calculation of chronic TL in an attempt to 

reduce mathematical coupling (46). Secondly, to better account for the decaying nature of fitness 

and fatigue an exponentially weighted moving average (EWMA) has been presented as an 

alternative to originally rolling average calculation (100). This chapter explores the recent 

research regarding the potential limitations of the ACWR and its suitability for tactical 

populations.   

Physiological and biological underpinnings 

The intent of the ACWR approach is to inform injury risk by determining and presenting the 

relationship between acute TL, or fatigue, and chronic TL, or fitness (31). Despite a recent 

increase in popularity over recent years, the exploration of TL and injury is not a concept that 
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originated with the ACWR. Research conducted 30 years ago aimed to explore this relationship 

in attempts to avoid overtraining and subsequent injury (148). The theories of progressive 

overload, first put forth by DeLorme in 1948 (149), as well as concepts of training periodisation, 

which originated in the Soviet Union (150), aimed to improve physical attributes while allowing 

for adequate recovery to ensure maximal improvements and avoid overtraining and injury (151). 

The history of research in this area shows that the ACWR is a continuation of concepts and 

models that have been developed to find the balance between training and overtraining.  

The conceptual foundation of the ACWR is based on the research of Banister (152) on athlete 

performance, with one of the original papers on the use of the ACWR citing Bansiter’s systems 

model of athlete performance (31). Banister’s model of athlete performance, proposed in 1991, 

was one of the original models to examine a relationship between training and a given output, in 

this case performance (152). Bannister’s model proposed that athlete performance can be 

estimated from the relationship between a positive function, or fitness, and a negative function, 

fatigue (152, 153). Banister’s model also influenced other researchers, such as Foster et al. (154), 

Borresen and Lambert (155) and others (156, 157), who have likewise attempted to outline the 

interactions between TL, performance, and overtraining. Though this relationship inherently 

makes sense (i.e., performance will be maximised with higher levels of fitness and lower levels 

of fatigue), additional complexities limit its application. For example, fatigue and performance 

are multi-factorial, not clearly defined, and therefore difficult to measure (158). While fatigue has 

been defined as a psychobiological state associated with an inability to complete a physical task 

that was once achievable within a recent time frame, the mechanisms leading to fatigue, 

particularly subjective fatigue, are not well understood (158). Recently, the use of various 

questionnaries and psychometric scales have shown greater sensitivity to measures of TL 

compared to objective measures (159, 160), and while biochemical markers have been shown to 

respond to training intensity, their use as monitoring tools is likely not practical given logistical 

and cost concerns (158, 161). In a similar fashion, performance is impacted by a variety of factors 

all of which are not likely to be accounted for by measures of fitness and fatigue (158). The 

multi-factorial nature, specifically of fatigue and performance, are potentially why research has 

shown that systems modelling has large variability between predicted and actual performance 

(162). The fact that some variables, such as testosterone, have been correlated with both fatigue 

and fitness further contributes to a lack of clarity around what constitutes fitness or fatigue (163).  
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Given the complexities and interactions involved within these variables it may be too simplistic 

to reduce them to simply a positive and negative function to predict an outcome. Though the 

ACWR aims to predict risk of injury and not performance, it utilises a similar fatigue (acute 

workload) and fitness (chronic workload) model. The ACWR does make adjustments from the 

original research (34, 86). One such adjustment is the move away from the additive function 

originally seen in Banister’s model (34, 86) to utilising a ratio (31). The original research 

conducted by Banister also recommends that the parameters should be specified to each 

individual to ensure accuracy as individuals are likely to respond differently to training stimuli 

(153). The ACWR, and its standard optimal ratio of 0.80 to 1.30, has been recommended for 

various individuals, teams, and sports (31). This wide ranging application assumes that each 

individual, across varying teams and sports, and associated variables (running distance, sRPE, 

bowls etc.) that affect various bodily tissues, will respond in a similar fashion (109). Though the 

ACWR is attempting to predict a different outcome (injury risk vs. performance) no 

physiological reason has been given for the switching from the additive function to a ratio (164). 

Additionally, the time frames chosen were based off a logical connection to a sport team’s 

schedule rather than the use of physiological, biological, or biomechanical mechanisms that relate 

timeframe to injury (109, 164). This includes the progression to daily timeframes in an attempt to 

follow the schedule of a specific sport (142). The connection to these mechanisms have been 

emphasised with the development of multiple conceptual models of factors leading to injury (54, 

114, 165). While these models do vary, one of the consistent factors between them is the 

importance of linking variables to the physiological mechanisms that can lead to injury (54, 114, 

165). It is imperative to connect variables of interest to the mechanisms that contribute to the 

overload of bodily tissues that ultimately leads to injuries (53). This connection will ultimately 

provide rationale for why specific variables should be tracked and modified in an attempt to 

mitigate injury risk and avoid spurious links to injury risk (53). Injury prevention strategies 

should therefore be designed and implemented after careful consideration of these factors to 

ensure that the strategies are specific to populations and their injuries (53). 

Impact on statistical analysis 

Banister’s model employed an additive function to estimate the impact training load variables had 

on performance, whereas the ACWR employs a ratio between the acute and chronic workloads 
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(31, 152). The utilisation of a ratio can potentially affect statistical analysis and outcomes. One 

drawback to the utilisation of ratios is termed mathematical coupling (46, 166). Mathematical 

coupling suggests that correlations can occur simply due to both sides of the equation containing 

the same set of data. This concept is in part why many formal statistical tests assume 

independence of samples. Mathematical coupling can be seen in the original iteration of the 

ACWR as the chronic workload is calculated by the rolling average of the last four weeks, which 

includes the acute workload. Lolli et al. (46) demonstrated this through randomly generated data, 

consisting of four weeks of high-speed distance training for 1000 AFL players. It was found that 

while low correlations existed between the distances of the four individual weeks (r < 0.06), 

moderate to large correlations existed between the chronic and acute TL (r = 0.52; 95% CI = 0.47 

– 0.56) (46). Correlations were reduced significantly when uncoupled ACWR were calculated (r 

= 0.01; 95% CI = -0.05 – 0.07) (46). This mathematical relationship may hinder the true 

physiological explanations regarding the likelihood of injuries (46). Additionally, this method of 

calculation may result in a different ACWR. Lolli et al. (46) found conventional calculation of an 

ACWR to be 1.47, but using the uncoupled method resulted in a ratio of 1.71, adding variability 

to the ‘true’ ACWR, and potentially affecting the validity of interpreting of the ACWR. In a 

response to coupling or uncoupling the ACWR, Gabbett et al. (167) calculated both measures for 

28 cricket fast bowlers and found that both methods were highly correlated (r = 0.99), with no 

differences between injury risk and higher ACWR being associated with higher risk of injury. 

However, correlations can be a poor sign of agreement and other statistical analysis, such as a 

Bland Altman plot, may provide a stronger statistical conclusion (168).    

Another drawback of using ratios, particularly in the context of sports medicine, is that the 

utilisation of a normally distributed numerator and a normally distributed denominator does not 

result in a normally distributed outcome (169). The lack of a normally distributed outcomes 

affects, and potentially violates, the assumptions of parametric statistical analysis (170). The 

slope between the numerator and denominator also needs to be a straight line through the origin 

to avoid a misrepresentation of the true relationship between the two values (171). If no 

relationship exists between the two variables, then the utilisation of a ratio will inherently create 

one between the numerator and denominator. Small deviations in this relationship can lead to 

confounding effects from the denominator, which can affect meaningful interpretation and create 

difficulties for practical application (170). While non-parametric statistical analysis is a valid 
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alternative, this violation needs to be noted during future research so appropriate statistical 

analyses are chosen (172). 

Research conducted by Impellizzeri et al. (164) also questioned the usefulness of including a 

chronic TL in the calculation. Impellizzeri et al. (164) sought to test this by assigning random 

chronic TL to an acute workload. As this lacks a logical explanation, it was hypothesised that this 

would serve as a null model (164). However, analysis found little difference in the significance of 

findings between randomly generated ACWR and the actual data (164). It was proposed that this 

was occurring due to the denominator (chronic training load) simply rescaling the numerator 

(acute training load). This is a similar scenario to converting from meters to kilometres, whereby 

dividing the number of meters by 1000 (number of meters in a kilometres) does not change the 

value as opposed to rescaling it (164). 

Additionally, other confounding variables may not have been accounted for in the previous 

studies relating ACWR to injury risk. In a presentation at the MIT Sloan Sports Analytics 

Conference, Bornn et al. (173) discussed one of these confounders; the training schedule. Using a 

simulation of 1000 player-seasons with injury probability directly proportional to the TL in an 

individual session, injuries were induced in approximately 5% of training sessions (173). By 

specifying that the TL prior to the sessions do not impact the likelihood of an injury it ensured 

that ACWR would have no impact on injury risk (173). However, in a post hoc analysis it was 

found that high ACWR predicted a 6.80 to 10.50% increase in injury risk, suggesting that 

schedules and training sessions may be impacting the relationship between ACWR and injury  

(173). Various papers studying the ACWR have linked the concept directly to injury risk without 

accounting for other, potentially confounding, variables such as training schedules (32, 126, 128). 

This lack of control of other variables may lead to an overestimating of relationships that exist 

between the ACWR and injury risk.  

The use of unweighted averages to calculate TL within the ACWR has also been presented as a 

limitation. As outlined by Menaspà (174), utilising unweighted averages could result in three 

athletes having the same ACWR and therefore similar injury risk despite having different training 

patterns. In a similar fashion, using a single weekly value for acute TL may not adequately 

account for day-to-day training variations between athletes (113). The adoption of the EWMA 

ACWR has been proposed as a solution to these issues while also having the additional benefit of 
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accounting for the decaying effects of TL (100). The EWMA ACWR is not without its own 

limitations. The true decaying effects of TL are unknown, and are likely to vary between 

individuals as noted by Bannister (152). Therefore, the decay constants utilised in the calculation 

of EWMA ACWR are arbitrary (113). The decay constant presented in the EWMA calculation, if 

less than 0.50, weighs the initial day of training greater than the next day, and potentially 

subsequent days. This weighting only increases as the decay constant approaches zero. The 

proposed decay constants by Williams et al. (100), the first paper published on the EWMA 

ACWR, would be 0.25 for the acute load and 0.068 for the chronic load (113). With a decay 

constant of 0.068, this equation weights the contribution to TL from the initial day as 1.9 times 

greater than the load from the most recent training (Day 28 – assuming the standard four week 

timeframe) (113).  

To be able calculate the EWMA ACWR on day one of training, an initial TL value must be 

assigned to day zero, with this value being zero, or using the first recorded TL. Either option may 

lead to a greater weight applied to the initial load as mentioned above. However, with enough 

training days these two approaches (i.e., assigning zero to day zero or assigning the first recorded 

TL to day zero) will eventually converge (113). Wang et al. (113) calculated how long this would 

take using data published in a study by Menaspà (174). Using data from one athlete an ACWR 

was calculated using both approaches (a day zero load of zero, and a day zero load based of the 

first recorded TL, in this case 55 AU). It was found that 50 days of training would need to take 

place before the two ACWR values converge (113), effectively suggesting that first 50 days of 

TL are highly dependent on the initial values chosen. This in turn has led to suggestions that, in 

this situation, the first 50 days would have to be ignored before a valid estimate of injury risk 

could be produced (113). Despite potentially being a more sensitive measure, the EWMA ACWR 

is not without faults, such as the calculation of the decay constant as well as other drawbacks 

associated with analysis utilising ratios (46, 112, 164), and will need further research and 

validation prior to further implementation in a practical environment. 

Research papers utilising the ACWR have tended to compare discrete ranges to each other, such 

as low, moderate, and high TL groups. These groups vary across the literature with no consistent 

cut off definitions for low, moderate, or high (32, 45, 69, 128, 141). Adjusting the ACWR, which 

is a continuous variable, into discrete categories, causes other statistical concerns, such as an 
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inaccurate estimation of effects through higher false negative results and false discovery rates 

(112). Discretisation assumes that each individual within a category has the same level of risk, 

regardless of where they lie within that category. This practice ignores within-category 

relationships, potentially leading to a loss of statistical power, increasing the likelihood of a false 

negative result (112). A higher false discovery rate occurs as splitting the ACWR into different 

categories increases the number of comparisons, contributing to a higher probability of a Type 1 

error (112, 113). Given the potential concerns with the physiological basis of the ACWR (used 

across a multitude of sports and TL variables), the significant findings demonstrated in studies 

may be the result of Type 1 errors occurring due to a range of comparisons being made. These 

findings may be accounting for the variations reported in the systematic review (Chapter IV), 

which presented a variety of statistically significant results across various ranges.  

Use in tactical populations 

Due to the aforementioned concerns in the conceptual basis and statistical calculations, the use of 

the ACWR as a method to alter TL in an attempt to reduce injury risk is not recommended for use 

in tactical populations at this stage. One potential use for the ACWR in tactical populations could 

be to provide an overview of the TL in a physical training program. As training staff are often not 

experts in exercise and sport science or strength and conditioning, the ACWR may be useful to 

provide a snapshot of what is occurring during a physical training program. Any concerns can 

then be analysed using other methods of TL (e.g., total distance or weekly changes) to explore 

what changes, if any, need to be made. If tactical personnel wish to utilise the ACWR, it may be 

better to utilise the EWMA due its ability to provide a picture of the overall training program. 

Utilisation of the original ACWR requires four weeks of data before it can be implemented, 

which is a significant amount of time in academy programs that can last 20 to 22 weeks (175). 

This may make the ACWR more suitable in elite tactical populations that have longer training 

schedules, but as these populations can employ professionals, such as Strength and Conditioning 

Coaches (176), it may be better to use other TL variables that are specific to that population’s 

injury profile and workload. 

Lastly, utilising the ACWR with its 0.80-1.30 safe range, which is applied to all individuals and 

variables, again contributes to a generalisation of training that is so often seen in these 

populations (177). Tactical is an overarching term that encompasses a variety of occupations each 
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with specific demands. It is not expected that a law enforcement officer and a military soldier will 

perform the same job, nor do individuals within the same profession have the same physical 

demands (e.g., law enforcement recruit vs special weapons and tactics team member) (9, 178) . 

Research by Myers et al. (179) found that new police recruit trainees from different US agencies 

had different levels of fitness when joining law enforcement while Lockie et al. (180) found that 

even within the same agency, levels of physical fitness vary between and within law enforcement 

recruit cohorts. These differences suggest a measure that continues with a generalised approach 

may lead to some recruits being overloaded and injured, while others are underloaded and may 

suffer from detraining. Though it may be difficult, training loads in these occupations need to be 

as individualised as practically possible to ensure an optimal balance between injury risk, fitness 

improvement, and performance. While the ACWR may be limited in is application as a TL 

monitoring tool to reduce injury risk, other methods exist. It is essential to profile the typical TLs 

undergone by a tactical population to understand which variables and tools may be pragmatically 

implemented in this environment.  
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Chapter VI 

Profile the Typical Training Load of a 

Law Enforcement Recruit Class 
 

Preface 

This chapter begins the second section of this thesis, ‘Profiling training load, fitness, and 

injuries’. Specifically, this chapter reports on research conducted to profile the TL of law 

enforcement recruits. As TL is one of the primary variables of interest to this program of 

research, profiling this variable allows for the identification of patterns or significant changes that 

may relate to other variables of interest (i.e., injury risk and fitness). Furthermore, this profiling 

serves as a benchmark to compare against future studies within this population.  

 

A condensed version of this chapter has been submitted for publication in the ‘Journal of Strength 

and Conditioning Research’ and is currently awaiting review.  
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Introduction 

Law enforcement is a predominantly sedentary occupation by nature interspersed with periods of 

high intensity activity (1). Occupational tasks can range from performing deskwork to near 

maximal physical exertions (181). These shifts from sedentary periods to bouts of high intensity 

work can often occur without warning, hindering the ability for officers to properly prepare 

themselves (12, 182). These activities may also be performed while carrying 10 kg of equipment 

(i.e. body armour, handcuffs, firearm) (183) which negatively impact the officer’s capabilities 

(184). The physical demands of this career predispose officers to high rates of injury and requires 

adequate fitness to effectively perform their unique occupational tasks.  

A critical review by Lyons et al. (21) found that law enforcement officers tend to suffer injuries 

at a rate of 240 to 2500 injuries per 1000 personnel per annum. For comparison, a study of United 

States construction workers found an average annual injury rate of 22.10 per 1000 workers (185). 

These injuries can impact individual officers by causing decreases in occupational performance 

(25). Due to law enforcement’s role in protecting the public, decreases in performance can 

potentially lead to public harm or even death. At an organisational level, injuries lead to higher 

financial costs. An annual report from the New South Wales Police Force showed the median 

cost per injury claim was $9,900 AUD (186). A second detrimental effect on organisations is the 

increase in workforce strain, with the New South Wales Police Force report also suggesting that 

the average amount of time lost per employee due to workplace injury was 78 hours (186). This 

absenteeism further increases workforce strain by requiring other law enforcement officers to 

complete additional shifts to cover the missed time by their injured peers. This could then 

increase their risk of injury through additional workplace exposure (187). Furthermore, research 

from tactical training academies has shown that previous injury is a strong predictor of future 

injury (188). As such, it is not surprising that multiple methods have been trialled during 

academy training to reduce injury, such as movement screening (189) and ability-based training 

(107).  

In addition to reducing an officer’s chance of injury (190), increasing physical fitness can 

improve occupational performance (11). Research conducted by Canetti et al. (11) found a 

significant, positive relation between measures of anaerobic strength, such as muscular strength, 

and the ability to perform occupational tasks (e.g. body drag or fence climb). Furthermore, 
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research by Lockie et al. (191) reports that performance on pull-ups, push-ups, and 2.4-km run 

were predictive of performance in certain occupational tasks, such as fence climbs and 

occupational task based obstacle courses. Recruits who have higher levels of aerobic fitness are 

also more likely to successfully complete academy training (55). Furthermore, increased physical 

fitness has also been found to contribute to improved long term health outcomes for both physical 

(192) and mental (63) health of officers.  

Strategies aimed at reducing injury risk while improving fitness are of vital importance to this 

population, positively benefiting both organisations and individuals. Training academies due to 

their safe, supervised, and controlled environment, are ideal to implement such strategies when 

compared to the unpredictable nature of the occupation (193). One potential methodology that 

could be implemented in academies and impact both injury risk and fitness is the optimisation of 

training load (TL). Though indirectly affected through concepts such as ability-based training, the 

optimisation of TL has not been studied in depth within tactical populations despite success in the 

sporting realm (31). 

The optimisation of TL has recently grown in popularity in the sporting world and is used as a 

strategy to decrease injury risk while improving fitness and performance (29). This approach 

employs a wide variety of tools to measure TL (29). Approaches to measuring TL can be 

organised into external and internal loads. External loads are defined as “any external stimulus 

applied to the athlete that is measured independently of their internal characteristics” (29). 

Measures of external loads include variables such as distance run, volume of weight lifted, or 

number of accelerations. Internal loads are loads that are “measurable by assessing internal 

response factors within the biological system, which may be physiological, psychological, or 

other” (29). Variables of internal load are inclusive of heart rate or Ratings of Perceived Exertion 

(RPE) (29, 31). Rapid changes in external or internal loads may be indicative of future injury risk 

or performance change. For example, Piggott (43) found that 40% of injuries in Australian 

football followed a change in TL in the previous week.  

The Acute:Chronic Workload Ratio (ACWR) is one approach designed to capture an individual’s 

cumulative load by comparing their most recent TL (acute) to their prior TL (chronic) (31). The 

ACWR has been related to injury risk in the literature (32, 45), with ratios of 0.80 -1.30 

theoretically resulting in the lowest risk of injury (31). The ACWR quickly gained popularity in 
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sports and has been used across a variety of research studies (45, 111, 119, 126). Despite this 

initial popularity, recent research has suggested the ACWR may not predict injury due to 

conceptual faults (109, 110) and methodological flaws (46, 47).  Although the ACWR may not be 

an effective means of predicting injury risk, it may be able to be used to provide a snapshot of 

workload over time through which to inform overall TL and progression. Optimising TL may 

prove to be a beneficial strategy to reduce injuries and improve fitness in a law enforcement 

recruit population. Prior to making recommendations however, it is vital to first profile typical 

TLs experienced by recruits. Therefore, the aim of this study was to profile the typical TL of a 

law enforcement recruit class undergoing academy training.  

Methods 

Experimental Approach to the Problem 

To profile the typical training loads of law enforcement recruits a mix of prospective and 

retrospective data collection was conducted. Training plans and schedules from seven recruit 

classes were collected and retrospectively analysed using a desktop analysis. A desktop analysis 

consists of examining the documented schedule of a recruit class (classes, physical training 

sessions, and occupational drills among others) to estimate distance covered and time spent 

completing various activities. A sub sample of recruits from one class was prospectively followed 

with the use of GPS technology to provide a benchmark for the desktop analysis. Weekly total 

distance covered, weekly changes in distance covered, as well as ACWR for distance covered 

were calculated. Further, the use of exponentially weighted moving average (EWMA) ACWR 

was calculated as this method provides a more accurate estimation by accounting for the 

decaying effects of fitness and fatigue (100). Lastly, a linear mixed effect model was performed 

to analyse the differences in distance covered across various weeks.  

Participants 

Training and schedule data were provided from seven recruit classes from one United States law 

enforcement agency. All classes took place in the same location, but under the supervision of 

various staff members. Course length did differ between classes, with one class lasting 20 weeks, 

and the six retrospective classes being 22 weeks in length. GPS Data were prospectively collected 

from a subsample of 24 recruits, 9 female (age = 29.89 ± 6.39 years, height = 163.41 ± 6,48 cm, 
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body mass = 68.09 ± 11.16 kg) and 15 male (age = 35.53 ± 11.90 years, height = 176.11 ± 9.82 

cm, body mass = 82.61 ± 11.94 kg) recruits, randomly selected from one class. Informed consent 

(Appendix 4.0 and 5.0) was provided by the recruits and ethical approval by the Bond University 

Human Research Ethics Committee and by the California State Fullerton Institutional Review 

Board under HSR-17-0037.  

Procedures 

GPS and Desktop Analysis 

This study profiled TL of seven classes undergoing academy training. In order to gain an 

understanding of the typical TL within this population, one class was profiled using data 

collected via Polar Team Pro Sensors (Polar Electro Inc. Bethpage, New York, United States) 

collected for four weeks (19 days) in an academy training facility in the United States. Academy 

training typically lasts 20-22 weeks at this facility and consists of classroom lectures, as well as 

physical and skills training sessions. Training typically occurred five days a week, eight hours a 

day for a total of 40 hours of training per week.  

Using this data and information obtained from the academy staff, a desktop analysis of the 

remaining 16 weeks was performed. The desktop analysis was constructed from course schedules 

and physical training descriptions collected as part of standard operating procedure provided by 

academy staff. The TL of the remaining six classes were retrospectively assessed using this same 

methodology. The desktop analysis method has previously been utilised in research, albeit in a 

military population (194).  

The Polar Team Pro sensors (Polar Electro Inc. Bethpage, New York, United States)  used to 

measure distance in this study have previously been found to have less than 5% error when 

measuring total distance at various speeds (195), though this accuracy decreases while indoors 

(196). The sensors were applied upon entry to the locker room first thing in the morning and 

removed upon leaving the classroom at the end of each working day. The distance recruits 

covered to and from their parking lot was not collected. Due to the limitations in the data 

collection process, such as being able to use the Polar Team Pro sensors for only four weeks, total 

distance was the only variable used for comparison in this study.  
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For the desktop analysis conducted on the seven classes, all estimates were based on a cohort 

rather than individual level. Outliers who did not participate in specific activities were excluded 

from that specific activity. In situations where the class split into multiple groups, one group was 

followed and analysed. While this procedure may affect timings of load experience by recruits, 

overall load experienced should be similar. This protocol has been used in previous research 

investigating military recruit training (194). Distances covered for the desktop analysis was either 

measured on site, or retrospectively using the Google Maps measuring tools, and accounted for 

the distance recruits needed to cover to their respective parking lots. Total distances per week 

were calculated as well as weekly changes in distance covered. This was calculated by 

subtracting the current week’s total distance from the total distance of the preceding week. Data 

analysis were performed separately to the collection and analysis of the Polar Team Pro (Polar 

Electro Inc. Bethpage, New York, United States) data to ensure minimal risk of bias.  

Calculation of ACWR 

Upon completion of the desktop analysis both ACWR, based on rolling averages, as well EWMA 

ACWR were calculated and compared against the proposed 0.80 to 1.30 optimal range (31). The 

rolling average ACWR was calculated using a 1:4-week Acute:Chronic ratio, with one week 

representing the acute workload, and four weeks representing the chronic ratio. Calculating the 

EWMA ACWR for a given day has previously been described by Williams et al (100) and is 

presented in Equation 1. 

Equation 1. Exponentially Weighted Moving Average Calculation 

EWMATODAY = LoadTODAY x λa + ((1 – λa) x EWMAYESTERDAY 

Where λa is between 0 and 1 and represents the degree of decay. Higher values of λa will 

discount older observation at a faster rate. The calculation of λa can be seen in Equation 2. 

Equation 2. Degree of Decay Calculation 

λa = 2/(N +1) 

Where N is the chosen time decay constant.  

The same one-week acute workload and four-week chronic workload were used for the EWMA 

ACWR leading to a N value of seven days for the acute workload and 28 days for the chronic 
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workload. To calculate the EWMA ACWR value itself, an EWMA was calculated for both the 

acute and chronic workload using the above formulas. The EWMA ACWR value was then 

calculated by dividing the EWMA acute workload by the EWMA chronic workload. To begin the 

calculation the first observation in the series was arbitrarily recorded as the first workload in the 

series.  

Physical Training Modalities 

Time spent physical training or completing various activities were calculated by the lead author 

through reports provided by the agency. Each activity was then assigned one of the following 

categories: anaerobic, aerobic, muscular conditioning, multi-modal, classroom, and skills 

training. This analysis was completed via a desktop analysis and informed by the lead author 

based upon time spent on location and expertise of the training staff. Anaerobic training was 

defined as high intensity, intermittent bouts of training and aerobic training as low intensity, but 

long duration. Muscular conditioning was defined as periods of training emphasised on weight-

lifting and other activities focusing on increasing muscular strength, while multi-modal training 

were activities that encompassed a combination of some or all of the aerobic, anaerobic, and 

muscular conditioning, such as circuit training. An example of a typical circuit training session in 

this population can be seen in Appendix 5.0. Skills training encompassed a variety of activities, 

such as weapons handling, evasive driving, or practicing real world scenarios (e.g., pulling over a 

suspect), while time spent in class was any time spent receiving a lecture (Table 6). Generally, on 

any day, recruits participated in a mixture of class, skills training, and physical training sessions. 

Physical training sessions generally occurred two to four times a week and lasted for one to two 

hours in duration, with programs varying between classes (175). 
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Table 6. Training modality definitions 

Training Modality Definition 

Anaerobic High intensity, intermittent bouts of training 

Aerobic Low intensity, long training 

Muscular Conditioning Training periods focused on weightlifting and other activities to increase 

muscular strength 

Multi-Modal Training that encompasses a combination of anaerobic, aerobic, and muscular 

conditioning 

Skills Training Training sessions focused on occupational skills such as weapons handling or 

evasive driving 

Classroom Time spent receiving a lecture 

 

Statistical Analysis 

Data are reported as mean ± SD unless otherwise specified. Descriptive methods of data 

normality were completed (i.e., distribution plots, skewness, kurtosis, and outliers) before 

analysis to determine the appropriateness of parametric or non-parametric analyses. A Bland 

Altman plot was produced to determine the agreeability of the desktop analysis against the mean 

distance data from the Polar Team Pro Sensors. A Bland Altman was chosen due to its improved 

ability to demonstrate agreement compared to correlation (168, 197). The Bland Altman allows 

for assessment of bias (encompassing fixed, proportional, and systematic bias) and precision (the 

closeness of the limits of agreement as measured by +/- 1.96 SD) (168, 197).  Assumptions 

(normal distribution of differences, no correlation between differences and means, and 

heteroscedasticity) were checked and met.  

The Bland Altman was conducted utilising only data captured during outdoor training sessions. 

This was done due to decreased indoor accuracy from the Polar Team Pro sensors and the 

potential for the signal to be dropped and picked up in a different location while the recruits were 

sitting in class (‘geographical drift’). Therefore, the points of comparison for the Bland Altman 

Plot were the mean distance covered by participants wearing the Polar Heart Rate monitor, and 

the expected distance covered during these same sessions as identified by the desktop analysis. 
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This resulted in nine data points from the sensors for production of the Bland Altman plot. It was 

expected that the Polar Team Pro Sensors would consistently demonstrate higher measures of 

distance than the desktop analysis due to the sensors being able to gather data on incidental 

distances covered. Absolute percentage error (absolute mean difference/mean) was also 

calculated the means of both Polar team Pro Sensors and Bland Altman Plot.  

Due to the differing class lengths, a linear mixed effects model was conducted to analyse the 

distance covered across various weeks. This was accomplished by using weeks as a predictor of 

distance and specifying weeks as a random effectnested within separate classes (198). Post hoc 

analysis was conducted using Tukey’s method to correct for multiple comparisons. This 

comparison was completed across all weeks, with corrections for p-values performed for all 

iterations. To make the results more practical, comparisons are only shown between six adjacent 

weeks. For example, Week 1 was compared to Weeks 2, 3, 4, 5, 6, and 7. This timeframe was 

chosen based in part on periodisation principles outlined by Issurin (151). All statistical analysis 

were conducted using R Studio (version 1.25.042) (199) with packages blandr (200), nlme (201), 

ggplot2 (202), multcomp (203), pastecs (204), and reshape (205). 

Results 

Results from the Polar Team Pro Sensors showed that recruits covered an average of 3.90 km (± 

2.10 km) per day over the first four weeks. Conversely, the desktop analysis resulted in an 

average of 2.89 km (± 2.06 km) per day over the same time period. When accounting for the 

distance covered to and from the parking lot, the average daily distance covered from the desktop 

analysis increased to 4.06 km (± 2.05 km).  

A mean difference of 0.27 km (95% CI 0.20 – 0.34 km) for the distance covered during outdoor 

training sessions existed between the Polar Team Pro Sensors and desktop analysis, indicating 

fixed bias was present as the Polar Team Pro Sensors consistently measured higher than the 

desktop analysis as expected.There does not appear to be a proportional bias as the mean 

difference was consistent across the range of mean distance covered (Figure 8). This is reflected 

by a slope of 0.019 when calculating a regression equation between the differences and means of 

the measures. There is also no systematic bias (correlation between the difference scores and the 
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mean scores) (r = 0.38, p-value = 0.31). The absolute percentage error was 7.7% and 8.3% of the 

average estimated distance by the Polar Team Pro Sensors and desktop analysis. 

Figure 9. Bland Altman plot comparing Polar Team Pro Sensors and desktop analysis

 
Key: PTPS: Polar Team Pro Sensor, DA: Desktop Analysis, Middle Dashed Line: Mean difference between PTPS 

and DA, Upper Dashed Line: + 1.96 SD from mean difference, Lower Dashed Line: - 1.96 SD from mean difference  

 

 

Though the timeframes varied between classes, the average distance covered per week during the 

20-week program was within one standard deviation of the overall mean (Table 7). This suggests 

that the difference in distances between the programs was likely mainly due to the difference in 

duration and that the seven classes can be reasonably compared together.  
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Table 7. Average distance per week per class during academy training 

Class number and duration Average distance per week (km) # of SD from mean 

Class 1 - 22 weeks 17.99 0.45 

Class 2 - 22 weeks 17.12 -0.68 

Class 3 - 22 weeks 18.72 1.40 

Class 4 - 22 weeks 18.44 1.03 

Class 5 - 22 weeks 16.64 -1.30 

Class 6 - 22 weeks 17.56 -0.11 

Class 7 - 20 weeks 17.04 -0.79 

Total mean (SD) 17.64 (0.77)  

Key: SD – standard deviation 

Distance Covered 

There was an approximately 10 km increase in total distance covered from Week 1 to 2 (Figure 

9). Results of the linear mixed effect model show significant differences between Week 1 and 

Weeks 2 (difference = 9.65 km; p-value = <0.01), 3 (difference = 9.64 km; p-value = <0.01), 4 

(difference = 11.65 km; p-value = <0.01), 5 (difference = 9.69 km; p-value = <0.01), and 6 

(difference = 10.07 km; p-value = <0.01). Overall, the model shows that week was a significant 

predictor of distance (χ2(21) = 88.41, p-value < 0.001), suggesting that the distance covered 

changes significantly across weeks. 
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Figure 10 Average total distance covered per week across seven academy classes  

 

Key: Numbers represent the weeks that are significantly different in total distance covered. For example, Week 16 

has significantly greater distance covered than Weeks 21 and 22. *: p-value < 0.05; **p-value < 0.01 

 

Between Weeks 7 and 14 the distances covered plateaued, remaining between approximately 15 

and 20 km per week. At Week 17, the total distance covered began to decline, to less than 10 km 

during the last two weeks. This decrease was also reflected in the linear mixed effect model with 

significant differences between Week 15 with Weeks 18 (-8.96 km; p-value = < 0.01) and 21 (-

13.16 km; p-value = < 0.01); Week 16 with Weeks 21 (-9.82 km; p-value = < 0.01)  and 22 (-9.69 

km; p-value = < 0.01), and Week 17 with Weeks 18 (-7.99 km; p-value = 0.049), 21 (-12.19 km; 

p-value = < 0.01), and 22 (-12.07 km; p-value = < 0.01). For full results of the linear mixed 

effects model, including p-values please refer to Appendix 6.0. 
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Figure 11. Average weekly change in distance covered across seven academy classes 

 

 

As per the weekly total distance covered, there was an increase of approximately 10 km in 

distance covered during Week 2 (Figure 10). No other large changes appeared to occur during 

most of the academy. However over during the last five weeks, larger fluctuations could be seen, 

ranging from approximately – 9 to 4 km changes week to week.  

 

Acute:Chronic Workload Ratios 

The average ACWR showed few spikes and consistently remained between the 0.80 - 1.30 range 

through most of the program (Figure 11). The highest ratio of approximately 1.20 occurred 

during Week 4. From Week 16 on, the ACWR began to decrease, with intermittent increases 

between Weeks 18 and 20 (0.70 to 1.00), and Weeks 21 and 22 (0.60 to 0.70). Due to 

methodology of the ACWR, results cannot be reported until Week 4, but the impact of increase in 

distance covered could be seen as the acute load is still higher than the rolling average.  
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Figure 12 Average ACWR of distance covered across seven academy classes 

 

Key: Red lines signify 0.80 – 1.30 optimal range as proposed by Gabbett (31); ACWR: Acute:Chronic Workload 

Ratio 

While the ACWR is unable to display data during the first four weeks, the EWMA ACWR can 

begin tracking from Week 2 (Figure 12). The EWMA ACWR shows an increase to 

approximately 1.40 during the first six weeks. After this period, the EWMA ACWR began to 

consistently decline, ending at about 0.90 during Week 22.  

Figure 13. Average EWMA ACWR of distance covered across seven academy classes 

 

Key: Red lines signify 0.80 – 1.30 optimal range as proposed by Gabbett (31); EWMA ACWR: Exponentially 

Weighted Moving Average Acute:Chronic Workload Ratio 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

A
C

W
R

Week

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

EW
M

A
 A

C
W

R

Week of academy



 
 

 
93 

 

Class, skills training, and physical training 

The hours completed in class and skills training are shown in Figure 13, which suggested an 

inverse relationship between the two training types. Overall, except for Weeks 8 and 18, recruits 

were more likely to spend time in class than completing skills training. There was a higher 

proportion of time spent in class particularly in the beginning and end of the academy, with the 

middle time period during academy training showing increases in the time spent training various 

skills.  

 

Figure 14. Average hours of class and skill training per week across seven academy classes 

 

 

The hours spent completing various types of physical training each week is presented in Figure 

14. Similar to distance, an increase, of approximately six hours, could be seen between Week 1 

and Week 2. Time spent training remained relatively consistent for the rest of the program, 

around three to four hours per week, before tapering off during the last five weeks. Aerobic 

conditioning and multi-modal training were the two most common forms of training, with less 

time spent on anaerobic and muscular conditioning. 
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Figure 15. Average hours of training methodology per week across seven academy classes 

 

 

Discussion 

This study profiled the typical TL of a law enforcement recruit class during academy training by 

analysing the total distance covered (inclusive of weekly changes and ACWR), and hours spent 

in class, conducting skills training, and completing physical training. The results of this study 

show an increase in the total distance covered during the early stages of the academy, especially 

between Weeks 1 and 2 (approximately 10 km). The effect of this almost twofold increase is also 

reflected in the higher early values of the ACWR and EWMA ACWR. The data also highlighted 

that recruits often undergo aerobic and multi-modal-based training, as opposed to anaerobic- and 

strength-based training, echoing previous findings in this population (206). 

Results from the Bland Altman plot showed that a desktop analysis could be used to gauge the 

total distance covered by recruits during the academy, though it may underestimate the true 

distance covered. The tendency for the desktop analysis to underestimate prospective and 

observed measures has been previously acknowledged in the literature (194). These differences 

are likely due to incidental movements that would be registered on a GPS device but not a 

desktop analysis, (e.g., recruits getting up and moving around during class session) (194).  
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The desktop analysis of this population showed an increase of 10 km in total distance covered per 

week after the first week and remains between approximately 15 and 22 km until Week 17. This 

increase in distance corresponded to an increase in hours spent physical training, and potentially 

resulted in a higher training intensity. Results from the linear mixed effect model showed 

significant differences between Week 1 and Weeks 2-6, with differences ranging from 9.65 to 

11.65 km. Previous research in law enforcement populations has shown that injuries occur, in 

part, due to the increase in physical demand as recruits begin academy training (207). In military 

academies, which employ similar training strategies as law enforcement (180), research has 

found a similar trend where the increase of physical training is related to injuries, particularly 

those that are overuse in nature (207). A study by Booth et al. (208) has even shown that 

physiological, biochemical, and psychological evidence of overtraining can be seen as early as 

the first five weeks of training in these populations. The transition from civilian to recruit life also 

represents a change in TL. Research on college students (mean age of 22.6 years) suggests that 

they cover distance ranging from 1.89 to 3.16 km per day, or approximately 9.45 to 15.80 km 

across five days (the same length of the typical work week for recruits) (209); a distance lower 

than the recruits in this study (mean = 17.64 (0.77) km per week). As college students typically 

walk to and from class, the average distance covered may be even less for the average individual 

prior to joining the academy, though further research will be necessary to more accurately 

examine this change. Considering the significant increases of distance in the early stages of this 

academy, as well the likely increase in daily workload when compared to civilian life, it is 

plausible that law enforcement recruits may be experiencing symptoms of overtraining during a 

similar time frame. In addition to the higher distance, recruits may be working at a higher 

intensity when compared to students due the physical and mental demands of academy training 

(17, 177), and added load carriage, which can weigh up to 10 kg (183). This overall increase in 

TL may be a contributing factor to the overtraining and high rates of injuries seen in recruits 

(207, 208). 

Previous research in elite Australian Football League (AFL) players has shown that exposures to 

week-to-week changes of > 30% in distance may increase risk of injury but had poor predictive 

ability (area under curve = 0.55 – 0.56) (137). Additional research in AFL players found that 

three weekly cumulative distances between 73.72 to 86.66 km increased risk of injury (OR = 

5.49; 95% CI = 1.57 – 19.16) (69). In this study’s population, week to week changes over 30% 
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can be seen, particularly from Week 1 to Week 2 where distances covered almost doubled, as 

well as large three weekly cumulative distances (Weeks 2-4 showing approximately 60 km in 

distance covered). These variables may be contributing to injury risk in this recruit population. 

Caution does need to be applied when comparing a sporting population to law enforcement 

recruits. The distance covered by athletes, particularly AFL players, may be at a higher average 

intensity and potentially contribute more to injuries. Additionally, elite AFL players have 

previously been found to have a VO2Max of 63.40 ml/kg/min (210), while the average recruit in 

this population has an estimated VO2Max of 35.42 to 41.08 ml/kg/min (175). Given the beneficial 

impact of physical fitness on injury risk in both of these populations (103, 211), elite AFL players 

may be able to tolerate higher TL than recruits. Lastly, though the proportion of distance covered 

by recruits through running may not be as large as AFL players, recruits are commonly exposed 

to these distances while carrying extra weight, which can be approximately 10 kg (183). External 

load carriage has previously been related to a variety of musculoskeletal injuries, such as back 

pain and stress fractures in tactical populations, particularly the military, though this population 

does carry much higher loads up to 45 kg (6). Additional differences exist between law 

enforcement and athlete training, with law enforcement personnel typically undergoing a 

paramilitary, “one size fits no one” training style (177), while those in sporting population tend to 

have more individualised programs, and further support with regards to recovery and diet (212). 

Due to differences between sporting and law enforcement recruit populations further research 

will need to be conducted specifically in recruits to study the relationship between the TLs 

experienced and associated injuries.  

In research conducted by Trank et al. (30), military recruits who ran more than 25 miles (40.23 

km) over the course of an eight week training program had an increased risk of injury, with no 

increased improvement in 1.5 mile (2.4-km) performance. Recruits in this current population 

were likely to undergo training programs with an emphasis on long distance running (175, 206, 

213). This type of training may be predisposing recruits to higher rates of injury (due to increased 

exposure (114)) with little benefit to performance. While cardiovascular fitness is crucial to 

occupational performance in law enforcement (214), it is unlikely that officers will be required to 

perform long distance running as an occupational task (181). Improving cardiovascular fitness 

through means that more closely related to occupational tasks may be of greater benefit to law 

enforcement officers. The utilisation of high intensity interval/intermittent training (HIIT) may be 
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an effective way to improve physical fitness with a reduction in distance covered (thus decreasing 

exposure to injury) that more closely relates to occupational tasks. Research has suggested that 

that HIIT training can significantly improve physical fitness in a general population (215). 

Though this may decrease distance covered, HIIT training may impact injury risk due to higher 

intensities. The relationship between intensity and injury risk will need to be studied in this 

population to fully understand how HIIT may impact injury risk.  

Due to the nature of the ACWR, calculations could not be made during the first four weeks of the 

academy, when the total distance increased significantly. The impact of this sudden increase can 

be better seen in the EWMA ACWR which sees an increase over the course of the first five 

weeks, above the proposed 1.30 optimal range, suggestive of the large increases seen in the total 

distance covered. In a population of rugby league athletes, an ACWR using total distance less 

than 0.30 and a two-week average greater between 1.31 -1.51 were likely to increase injury risk 

(32). Similarly, in a cohort of AFL players, an EWMA ACWR greater than 2.00 was associated 

with increased injury risk when compared to a ratio between 1.00 and 1.49 (99). Both ACWRs 

never reach these values in the studied population, possibly due to calculation utilising an average 

across seven classes.  

When analysing time spent in class compared to skill training, an inverse relationship can be 

seen, with a majority of skills training being conducted during the middle portion of the academy. 

Though no significant differences were found in the distances covered between weeks there is 

potential for differences in intensity during this timeframe due to an increase in time spent skills 

training. A change in intensity may be measured via internal load variables, which were not 

examined in this study due to academy training time limitations. Measuring internal load is of 

value as changes in internal load have previous been related to injury risk and performance in 

sport (39). The possibility of a change in intensity during this timeframe may be associated with 

injury or performance changes in recruits of this population. 

The results of this study suggested that anaerobic and muscular conditioning are the least utilised 

form of physical training, with a large focus on aerobic and multimodal training. These findings 

are consistent with previous research in this population which suggests a focus on long distance 

runs and body weight circuits (213). It has been found in law enforcement populations that higher 

levels of anaerobic fitness led to improved performance in occupational tasks (10, 11). Despite 
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this relationship, academies often engage in physical training programs focused on muscular 

endurance and aerobic fitness (175, 213, 216). This training focus is typically due to competing 

demands for time from other necessary activities, such as defensive tactics or range sessions (55), 

as well as lacking the necessary resources and equipment to safely and effectively implement 

programs aimed at developing anaerobic fitness and strength in a large body of recruits (55). 

Recent research has highlighted certain options for law enforcement academies to pursue in order 

to improve these measures of fitness such as the use of unconventional equipment (e.g. body 

armour, or ammunition cans) and the incorporation of unilateral exercises (177, 216).  

It should be noted that portions of skills training in this population, such as defensive tactics, do 

contain periods of anaerobic conditioning. However, an earlier study in this same population has 

found that over the course of the academy, greater improvements were seen in measures of 

aerobic fitness and muscular endurance when compared to anaerobic fitness, muscular strength, 

and muscular power (175). An increase in anaerobic-based training may lead to further 

improvements in these fitness components and potentially lead to greater occupational 

effectiveness upon graduation. There is also a decrease in hours spent completing physical 

training during the last five weeks of the academy. Previous research has shown that capillary 

density can begin to decrease in as little as two weeks, and while strength can be maintained up to 

four weeks, eccentric force and power may decrease significantly (217). In recently trained 

individuals this can result in decreases of physical fitness to pretraining levels (217). These two 

factors may be vital for occupational performance with capillary density being a positive 

adaptation to aerobic training (212). Aerobic performance has previously been linked too 

occupational assessments such as fence climbs, and obstacle courses (191). Eccentric strength has 

also been linked to occupational tasks (e.g. grappling and landing from jumps) (212). Therefore, 

it is vital to ensure recruits are receiving enough training stimulus prior to joining the workforce 

to at least retain the improvements experienced during the academy and ensure adequate 

occupational performance.  

Due to limitations in funding and high initial purchase and maintenance costs (37), access to GPS 

technology may be limited in this population necessitating the use of practices such as a desktop 

analysis. This is especially true given the high number of recruits that would have to be fitted for 

this technology, ranging from about 50 to 100 recruits per class, with multiple classes being 
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conducted at the same time. For comparison, studies of sports teams often have a range of 13 

(133) to 53 (142) total athletes. The high number of recruits undergoing training (i.e., 50-100 per 

cohort with potential cohort overlap) will increase the difficulty associated with individualised 

load monitoring by increasing the amount of data to analyse and the number of monitoring 

devices (i.e., GPS units or heart rate straps). Additionally, staff would need to be trained in the 

use of this technology, how to adequately process the data, and make informed decisions based 

on the results. Academy staff, particularly in this current population, already have significant 

roles in the training and preparation of recruits. Given the number of potential TL measures that 

are available to practitioners, the utilisation of this technology can result in a significant time 

investment (218) for a population which are already time poor. The large financial and human 

resource costs may be a barrier in the implementation of individualised TL monitoring in tactical 

populations. This can be solved by hiring other individuals with the knowledge and expertise in 

this area, but this will still result in potentially significant salary costs. These barriers will need to 

be addressed before the use of GPS and other TL monitoring technology can be applied and 

utilised to its full potential in this population. In the meantime, TL in the tactical populations can 

be optimised through the concepts of population-specific periodisation and ability-based training. 

Research in military populations has shown that periodised programs results in improvements in 

physical fitness and reduction in injuries (219-221), while ability-based training has been 

proposed as a solution to the generic, “one size fits no one” approach commonly used in law 

enforcement populations (107, 177). 

There are limitations present in this paper. First, the Polar Team Pro units were only used during 

the first four weeks of a 20-week academy as researchers were limited in their ability to spend 

time on location. While training staff may have been able to facilitate further use of these units, it 

is unlikely they would have had the time needed to consistently download data from the units, 

recharge the units, clear storage on the units, and reissue the units. The collection of this data is 

often a full-time role in sports teams and adding this task to training staff would likely detract 

from their goal of teaching and training recruits to become effective law enforcement officers. 

This would be in addition to their regular tasks which require an excess of 40 hours per week, 

tending to a multitude of academy duties. Another option is the utilisation of a research team that 

is sufficiently equipped to provide the technology and human resources to implement a tracking 

program. A research team would likely need to be contracted to do so, thus representing a large 
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financial cost to the law enforcement institution. The use of desktop-based analysis, especially on 

a variable such as distance, may be a more practical application given these current barriers and 

the typical training performed, though this strategy may be influenced by bias. The absolute 

percentage error was within 10% of the two methodologies. This was deemed acceptable by the 

authors based on population expertise and previous experience validating desktop analysis (194). 

Fixed biases that have a greater than 10% error should require further investigation into the 

desktop analysis. Further research will be necessary to understand the validity of a desktop 

analysis performed by law enforcement staff compared to other measurements such as GPS 

devices. This study was also not able to provide information on internal TL, through the use of 

heart rate or perceived stress, over the full duration of the academy. Further research will need to 

be conducted using these variables to improve the information on the TL and intensity 

experienced by law enforcement recruits and how these may relate to injury risk and physical 

fitness. Additionally, this study was not able to compare the differences between male and female 

recruits. Previous research in military training has shown significant differences between internal 

TL variables between male and female trainees, which may affect the injury risk between the two 

sexes (84).  

Conclusion 

The use of a desktop analysis may be an appropriate method to track TL in law enforcement 

populations, especially with current barriers to individualised load monitoring. The results of this 

research showed increases in distances covered of more than 10 km weekly, particularly during 

the beginning of the academy training period. There was also a concurrent increase in the time 

spent undergoing physical training of approximately six hours from Week 1 to Week 2. These 

increases in both physical stress, distance covered, and physical training could be contributing 

factors to injury risk law enforcement recruits. Optimising the training of recruits, particularly 

during the early stages may be a valid method to mitigate this risk of overtraining and injury. 

Staff members currently working in law enforcement academies should also explore the use of 

anaerobic and strength training strategies to provide a varied stimulus and increase fitness 

components that are vital to working in law enforcement. The addition of internal TL measures 

will be necessary in the future to examine the role exercise intensity has on injury risk. Prior to 
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analysing the relationship between these factors, it is essential to profile the typical fitness 

changes and injuries experienced by this population. 

  



 
 

 
102 

 

  



 
 

 
103 

 

Chapter VII 

Profile the Fitness Changes of Recruits 

during Law Enforcement Academy 
 

Preface 

Chapter VI provided a profile of the typical TL experienced by recruits in the population 

informing this body of research. However, levels of fitness are likewise a crucial variable of 

interest due to its association with occupational performance, long-term health, and of note, the 

recruit’s response to a given TL. Recruits (like any athletes) require a sufficient training stimulus 

to improve in physical fitness. Changing TL, for example reducing TL to potentially reduce 

injuries, may impact on fitness development as the stimulus may not be sufficient to stimulate 

increases in fitness. The downstream impacts would be low injuries in the short term but 

insufficient fitness development leaving recruits not physically capable of performing 

occupational tasks safely leading to task failure and potential injury. The study reported in this 

chapter profiled fitness levels, and subsequent changes to these levels, of recruits undergoing law 

enforcement academy training.  

This chapter has been published in ‘Sustainability’ and is cited as follows: 

Maupin, D., Schram, B., Canetti, E., Dawes, J. J., Lockie, R., & Orr, R. M. (2020). Developing 

the fitness of law enforcement recruits during academy training. Sustainability 

(Switzerland), 12(19), [7944]. https://doi.org/10.3390/su12197944  

 

Note: Minor formatting changes have been made in this chapter when compared to the published 

version, such as changes to referencing and table and figure caption numbers, to improve 

readability and consistency across the thesis.  
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Introduction 

Law enforcement is a physically demanding occupation requiring personnel to repeatedly and, on 

occasion immediately, shift from periods of sedentary behaviour to high intensity activity (1).  

For example, an officer may transition from sitting in a patrol car to maximal running speed to 

chase and apprehend a suspect (1). In addition, officers must perform these high intensity 

activities while carrying up to 10 kg of additional occupational load (2). This additional load has 

a negative impact on task performance, while also increasing injury risk (184, 222, 223). Thus, 

officers must maintain a sufficient level of fitness to perform these high intensity activities 

adequately and safely.  

Law enforcement agencies commonly use academies as a means of preparing recruits for a career 

in law enforcement. This period of training must develop multiple skills and qualities in 

individuals by not only teaching the necessary skills and procedures for working as a police 

officer but by preparing recruits for the physical and psychological challenges of working in law 

enforcement (107, 191, 224). Physical training is a core component of police training at the 

academy and is used to prepare recruits for the physical nature of a career in law enforcement. 

Anaerobic fitness in particular, including power and strength, are positively correlated with 

occupational tasks in policing such as a victim drag or wall climb (10, 11). Despite this 

relationship, academies often focus on aerobic-based (e.g. formation runs) and muscular 

endurance (e.g. body weight exercises) due to large class sizes and limited availability of 

equipment (206, 213).  

Developing physical fitness during the academy not only prepares recruits to handle the 

occupational workload but may benefit personnel throughout their career. Previous research 

suggests that as officers progress through their careers they experience a decrease in physical 

fitness (1). If academies train recruits to a higher level of fitness upon graduation, they may be 

more resilient to fitness decline. Improving fitness of recruits can also lead to officers with a 

lower risk of injury (103) and improved long-term psychological (63) and physical (192) well-

being. Due to the multiple benefits of improving fitness in recruits on job performance, 

psychological, and physical health, it is imperative to profile the fitness development in law 

enforcement academies to ensure it is being trained effectively. Profiling these developments will 

allow for specific and focused interventions, if necessary, to further improve recruit training. It is 
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important to implement these on a case by case basis as different agencies will often have 

different fitness requirements (179). 

Therefore, the aim of this article is to profile the physical fitness developed by a specific law 

enforcement academy, and how it relates to occupational task performance. Additionally, results 

from this study will be compared to other academies as well as the general population to provide 

context around the recruits’ level of fitness upon graduation. 

Methods 

Subjects 

Data were retrospectively collected from 10 academy recruit classes of a large law enforcement 

agency in the United States, totalling 715 participants. Of these 715 participants, 604 were male 

(age = 26.70 ± 5.22 yrs, height = 175.98 ± 7.37 cm, body mass = 83.16 ± 12.29 kg), 110 were 

female (age = 26.69 ± 4.64 yrs, height = 162.63 ± 6.56 cm, body mass = 65.32 ± 12.08 kg), with 

one participant not disclosing their sex. The majority of subjects in this sample were male, which 

is commonly seen in other studies of comparable populations (1, 224, 225). Ethics approval 

obtained by the Bond University Human Research Ethics Committee and by the California State 

Fullerton Institutional Review Board both under HSR-17-0037. 

Recruit training consisted of 36 physical training sessions, with three of these sessions consisting 

of fitness tests. Training sessions varied across the academy, but often consisted of two to four 

sessions per week (lasting approximately two hours each). Training sessions often entailed long 

distance formation running, body weight exercises, and circuit training. In addition to organised 

physical training sessions, recruits also engaged in various incentive training and defensive tactic 

sessions. These sessions were organised and supervised by recruit training instructors who had 

previously undergone a two-week physical training instruction course. 

Procedures 

The following fitness assessments were conducted during the recruit training courses:  

PT500 

The PT500 is a composite score of six assessments: maximal push-ups, sit-ups, and mountain 

climbers completed in 120 s, maximal pull-ups, a 201-m run, and a 2.4-km run. The PT500 is an 
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established standard of fitness assessment that has been used historically within this population 

(191, 226). Recruits completed the assessments in typical physical training attire. The push-ups, 

sit-ups, and mountain climbers were completed on an outdoor, concrete surface with a partner, 

who ensured correct techniques and counted the number of repetitions. Pull-ups were completed 

on an outdoor pullup bar. The 201-m and 2.4-km runs were completed on an athletic track at the 

academy training facility. Recruits completed the runs in groups of 10-15. Specific procedures for 

each of the assessments have been published in previous research (191, 226) but are described in 

detailed below for reference. The scoring system for each regarding the final PT500 score is 

likewise detailed.  

Push-ups 

The maximal number of push-ups a recruit could complete in 120 s was assessed. Recruits started 

in the standard “up” position, with the body straight, hands positioned shoulder-width apart, and 

fingers pointed forwards. A water bottle was placed under the recruits’ chest to determine the 

correct depth of the “bottom” position of the push up. Upon start, academy staff began timing the 

120 s, and recruits flexed their elbows, lowering themselves until their chest touched the water 

bottle. Recruits then extended their elbows, returning to the start position. This technique was 

completed as many times as possible in the 120 s. Recruits were awarded one point per push-up 

completed, with a max score of 50.  

Sit-ups 

To test abdominal muscular endurance, the maximum number of sit-ups that could be completed 

in 120 s was evaluated. Recruits laid on their backs, with knees flexed to 90 degrees, feet flat on 

the ground, and hands cupped behind ears. Each recruit had a partner holding their feet to the 

ground during the test. Upon start, training staff began timing. Recruits raised their shoulders 

from the ground until their elbows touched their knees, while keeping feet flat on the ground and 

hands cupped behind their ears. The recruits would then lower themselves down until their 

shoulder blades contacted the ground. This technique was performed as many times as possible in 

120 s. For the first 50 repetitions, recruits were given one point per repetition, while for the last 

25 recruits were given two points per repetition.  
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Mountain Climbers (MC) 

Another assessment of muscular endurance, MC involve isometric work in the truck and upper 

limb musculature with dynamic movement occurring in the hip and knee joints. Recruits started 

in the standard “up” position of a push-up and maintained this position with arms extended 

throughout the test. Maintaining a neutral spine, recruits alternated flexing the hip and knee for 

each leg, bringing the knee close to the chest and foot underneath the body with each repetition. 

Recruits began at the start command, with staff timing the 120 s. The first 40 mountain climbers 

completed count as one point each, while the last 20 were given three points each. 

Pull-ups 

The pull-up test provides a second measure of upper body endurance. The recruits’ start position 

involved hanging on the bar in a vertical position, hands shoulder width apart, and using a 

pronated grip. While maintaining a vertical body alignment, recruits pulled themselves upwards 

until their chin cleared the bar. Recruits would then lower themselves until their arms were fully 

extended. This technique was continued until the recruit could no longer get their chin over the 

bar. Each repetition counted as three points with a maximum score of 60 points. 

201-m Run 

The 201-m run was conducted on a running track and timed by staff members with a stopwatch 

(Professional Digital Stopwatch Timer, LuckyStone). Upon the start command, academy staff 

started timing and the recruits ran as quickly as possible until they passed the distance marker. 

Run time was recorded for each recruit to the nearest 0.1 s.  

2.4-km Run 

For the 2.4-km run assessment, recruits were required to complete six laps as quickly as possible 

around a 400 m athletics track at the academy training facility. Run time was recorded for each 

recruit on a handheld stopwatch (Professional Digital Stopwatch Timer, LuckyStone) to the 

nearest 0.1 s. 

Work Sample Test Battery (WSTB) 

The WSTB is a California mandated group of tests each law enforcement agency must complete. 

Recruits must obtain a minimum score of 384 to graduate from the academy where points are 
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awarded relative to the completion time of each task (227). As with the PT500, this assessment 

has previously been described in the literature (191, 226). 

99-yard Obstacle Course (99OC) 

Simulating a foot pursuit, recruits were instructed to complete a standardised 99-yard (90.53 m) 

course as quickly as possible while remaining on the concrete track. During this run, recruits 

must also clear three 0.15 x 0.15 m curbs, and one 0.86 m high fixed obstacle.  

Body Drag (BD) 

The body drag assessment is a measure of lower limb power and requires recruits to drag a 74.8 

kg dummy for 9.8 m. Initially, recruits were required to pick up the dummy by wrapping their 

arms underneath the arms of the dummy and extending their hips and knees. Timing was initiated 

as soon as the recruit began dragging the dummy. Recruits dragged the dummy by walking 

backwards over the complete 9.8 m at which point timing was stopped. Time was recorded to the 

nearest 0.1 s.  

Chain Link Fence Climb (CLF) 

Recruits began 4.6 m away from the fence. Upon starting the test, recruits were required to run up 

to the fence, and climb using whatever technique they choose, without using the side supports to 

assist their climb. Recruits were given two attempts to scale the fence. Once the fence was 

cleared, recruits were required to land, and then run 22.9 m, as quickly as possible, to complete 

the test. Staff measured the time to complete the task using a handheld stopwatch (Professional 

Digital Stopwatch Timer, LuckyStone). Time was recorded to the nearest 0.1 s.  

Solid Wall Climb (SW) 

As per the CLF, recruits ran 4.6 m before clearing the fence with any technique and the running 

22.9 m upon clearance. The only difference between the two tests were the type of fence that 

needed to be cleared with this test utilising a solid wall instead of a chain link fence. Time was 

recorded to the nearest 0.1 s using a handheld stopwatch (Professional Digital Stopwatch Timer, 

LuckyStone). 

500-yard Run (500R) 

500 yards (457.2 m) was marked on an athletics track by academy staff. Recruits were instructed 

to run this distance as quickly as possible with training staff standing at the finish line timing 
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each recruit to the nearest 0.1 s using a handheld stopwatch (Professional Digital Stopwatch 

Timer, LuckyStone). 

20 m Multi-Stage Fitness Test (MSFT) 

A MSFT test was completed independent of the PT500 and WSTB. Standard procedures were 

adopted for the MSFT, with recruits required to run back and forth between two lines 20 m apart. 

Running speed was standardised by pre-recorded auditory cues played from an iPad handheld 

device (Apple Inc., Cupertino, California) connected to a portable speaker (ION Block Rocker, 

Cumberland, Rhode Island) via Bluetooth. The speaker was located in the centre of the running 

area so each recruit could clearly hear the auditory cues but positioned in a way as not to interfere 

with the recruits running. The test was stopped when the recruit was unable to reach markers 

twice in a row during the allotted time as indicated by the auditory cues, or voluntarily stopped 

running. Scores were recorded according to the final stage the recruit was able to achieve, and 

then used to calculate the total number of completed shuttles. VO2Max (ml/kg/min) was estimated 

for each recruit based on the equation by Ramsbottom et al. (228). This MSFT has previously 

been validated for use in police populations (228). 

Medicine Ball Toss (MBT) 

Also completed independently of the PT500 and WSTB was a Medicine Ball Toss. This test was 

used to measure upper-body power. Recruits sat on the ground, with head, shoulders, and lower 

back touching against a concrete wall. The recruits then tossed a 2-kg medicine ball (Champion 

Barbell, Texas, USA), lightly dusted with chalk, as far as possible using a two-handed chest pass. 

A standard tape measure was used to measure the perpendicular distance from the wall to the 

closest chalk mark made by the ball landing. Two trials were completed with a recovery time 

ranging from 30-60s. Results were recorded to the nearest 0.01 m with the furthest of the two 

trials being recorded. This procedure has previously been used a measure of fitness in police 

recruit populations (55). 

75-Yard Pursuit Run (75PR) 

Lastly, a 75-Yard (68.6 m) pursuit run (75PR) was also performed. This test consisted of a recruit 

completing five linear sprints about a square grid with sides measures 12.10 m, while also 

completing four 45-degree direction changes across the grid. Recruits were also required to step 

over three barriers (2.4 m long and 0.15 m high) during three of the five sprints. Time was 
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recorded using a handheld stopwatch that began on initiation of movement and ended with the 

recruit crossing the finish line, measured to the nearest 0.1 s (See Figure 15). The 75PR has 

previously been used as a measure of fitness and occupational task performance in recruit 

populations (55). 

Figure 16. 75-yard pursuit run diagram 

 

Statistical Analyses 

Data were uploaded into Microsoft Excel version 16.0 to be cleaned. Data were only retained if 

there was a recording on both testing dates. Statistical analysis was completed using the R Studio 

Statistical Software version 1.2. A paired t-test was completed using initial and final scores of 

each of the above tests to determine overall change in fitness during the academy. Significance 

was set at p < 0.05 a priori. Effect sizes (d) for between group comparisons were calculated for 

each fitness test by dividing the difference between the means by the pooled standard deviation 

(SD) (229). The interpretation of effect sizes is based on Hopkins (230) where values less than 

0.20 are considered a trivial effect; 0.20 to 0.60 a small effect; 0.60 to 1.20 a moderate effect; 
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1.20 to 2.00 a large effect, 2.00 to 4.00 a very large effect, and greater than 4.00 an extremely 

large effect. Using results from the final fitness tests, means were calculated to build a fitness 

profile of recruits graduating from the academy. Means were calculated overall and between 

females and males and then further separated into age ranges to allow comparison to other studies 

and to general population fitness norms described by American College of Sports Medicine 

(ACSM) (231). The participant who did not disclose their sex was not included in this analysis 

but was kept in the overall analysis. Separation between age and gender was performed as 

previous research has shown differences in fitness exist between genders and age ranges in 

comparable populations (1, 225). To further compare the age ranges, an ANOVA test was 

performed for the males, with Levene’s test used to ensure appropriate homogeneity of variance. 

Effect size for the ANOVA was calculated using ω2, calculated by subtracting the product of 

degrees of freedom and regression mean square from the mean sum of squares, and dividing this 

by the total sum of squares and mean regression square, with the values of 0.01, 0.06, and 0.14 

representing small, medium, and large effects respectively (232). As 11 males did not declare 

their age they were not included in this analysis. Previous research in comparable populations 

have used similar methods to assess differences in fitness across age and gender (1). A post hoc 

analysis was then performed to identify which age ranges significantly differed. As post hoc 

analysis tend to perform poorly when sample sizes are not equal, a robust post hoc test was 

performed for all variables even if Levene’s test was non-significant (198). The robust post hoc 

test utilised involved trimmed means and bootstrapping as proposed by Wilcox (233). As little or 

no data was present for the over 40 range for females, analysis was completed comparing the 20-

29 age range to the 30-39 age range. This analysis was completed by using the Wilcoxon rank-

sum test due to the non-normality present in the various fitness measures of the two groups. 

Effect size, r, was calculated by dividing the z-score by the square room of the sample size. 

Interpretation of the effect size was 0.10, 0.30, and 0.50 for a small, medium, and large effect 

(234).  

Results 

Detailed data describing the mean difference, test statistic, effect size and power for each 

outcome are provided in Table 8. Results from the dependent t-tests show significant 

improvements in all fitness measures from initial to final testing, with effect sizes ranging from 
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trivial to moderate. Sufficient power was present in all tests with the exception of the 99OC 

(0.52), signifying the sample size was large enough for this analysis. 

Table 9 shows the fitness profile of recruits at the end of the academy both overall and separated 

by sex. Males tended to have better scores in nearly all fitness tests, with the exception of MC. 

Results of an independent t-test analysis (Table 10) confirm this trend with males showing 

significantly higher scores on all tests except for MC. All tests also demonstrated appropriate 

power except for MC and sit-ups. These results also show larger effect sizes in the tests 

comprising the WSTB, suggesting that the difference between male and female recruits is even 

greater in tests of anaerobic fitness. 

Table 11 and Table 12 show female and male fitness separated by age, respectively. There 

appears to be a trend across both sexes of decreasing fitness results as age increases, though 

sample size for females in the upper ranges is substantially smaller.
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Table 8. Change in fitness over the course of the academy training 

Test Mean Difference (95% CI) p-value Test Statistic Cohen's d Interpretation Power 

PT500 pts 80.20 (75.59 -84.81) < 0.001 34.14 0.99 Moderate 1.00 

Sit-ups reps 8.79 (7.92-9.64) < 0.001 20.04 0.66 Moderate 1.00 

MC reps 9.75 (8.82 - 10.69) < 0.001 20.50 0.87 Moderate 1.00 

Pull-ups reps 4.81 (4.26-5.36) < 0.001 17.18 0.66 Moderate 1.00 

Push-ups reps 5.83 (5.03 - 6.62) < 0.001 14.38 0.52 Small 1.00 

2.4-km run s -52.97 (-48.09 - -57.84) < 0.001 -21.31 -0.68 Moderate 1.00 

201-m run s -3.02 (-2.72 - -3.31) < 0.001 -19.91 -0.66 Moderate 1.00 

99OC s -0.85 (-0.017 - -1.69) 0.045 -2.01 -0.12 Trivial 0.52 

BD s -0.76 (-0.48 - -1.04) < 0.001 -5.28 -0.29 Small 1.00 

CLF s -0.40 (-0.21 - -0.59) < 0.001 -4.12 -0.18 Trivial 0.98 

SW s -0.76 (-0.49 - -1.03) < 0.001 -5.59 -0.27 Small 1.00 

500R s -3.69 (-3.05 - -4.35) < 0.001 -11.22 -0.35 Small 1.00 

WSTB pts 25.99 (19.64 - 32.33) < 0.001 8.05 0.30 Small 1.00 

MSFT shuttles 21.84 (19.72 - 23.95) < 0.001 20.30 1.12 Moderate 1.00 

VO2Max ml/kg/min 6.05 (5.46 - 6.65) < 0.001 20.00 1.03 Moderate 1.00 

MBT m 0.34 (0.20 -0.48) < 0.001 4.75 0.23 Small 1.00 

75PR s 0.32 (0.21 - 0.45) < 0.001 5.52 0.26 Small 1.00 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid Wall Climb; 500R: 500 yard Run; WSTB: Work 

Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: Medicine Ball Toss; 75PR: 75 yard Pursuit Run. 
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Table 9. Fitness profile of recruits at the end of the academy 

Test Mean ± 95% CI Sample Size ♀ Mean ± 95% CI Sample Size ♂ Mean ± 95% CI Sample Size 

PT500 pts 411.42 ± 5.18 715 347.73 ± 10.93 110 423.18 ± 5.29 604 

Sit-ups reps 65.73 ± 0.86 715 63.54 ± 2.37 110 66.14 ± 0.92 604 

MC reps 58.72 ± 0.55 713 59.52 ± 1.21 110 58.57 ± 0.62 602 

Pull-ups reps 15.18 ± 0.63 635 7.64 ± 2.44 55 15.90 ± 0.62 580 

Push-ups reps 52.90 ± 0.75 714 47.06 ± 1.45 110 53.98 ± 0.82 603 

2.4-km s 661.21 ± 5.28 711 701.17 ± 15.47 110 653.79 ± 5.39 600 

201-m s 31.47 ± 0.30 710 35.85 ± 0.70 110 30.64 ± 0.29 599 

99OC s 18.70 ± 0.15 453 20.33 ± 0.43 61 18.44 ± 0.15 391 

BD s 5.32 ± 0.20 475 7.11 ± 0.49 71 5.00 ± 0.21 403 

CLF s 7.99 ± 0.12 477 9.49 ± 0.32 72 7.72 ± 0.11 404 

SW s 7.74 ± 0.14 450 9.87 ± 0.50 52 7.45 ± 0.13 397 

500R s 89.27 ± 0.78 463 99.41 ± 1.61 70 87.42 ± 0.74 392 

WSTB pts 529.24 ± 5.39 381 455.50 ± 14.32 54 541.62 ± 4.67 326 

MSFT shuttles 70.46 ± 2.25 365 58.38 ± 4.53 58 72.74 ± 2.46 307 

VO2Max ml/kg/min 40.06 ± 0.65 365 36.41 ± 1.30 58 40.75 ± 0.71 307 

MBT cm 6.31 ± 0.14 386 4.44 ± 0.15 61 6.66 ± 0.13 325 

75PR s 17.30 ± 0.13 381 18.60 ± 0.30 59 17.06 ± 0.13 322 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid Wall Climb; 500R: 500 yard Run; WSTB: Work 

Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: Medicine Ball Toss; 75PR: 75 yard Pursuit Run 
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Table 10. Independent t-test results of male and female recruit fitness at the end of the academy training 

Test Mean Difference (95% CI) p-value Test Statistic Cohen's d Interpretation Power  

PT500 pts 75.45 (65.33 - 87.57) < 0.001 12.29 1.16 Moderate 1.00 

Sit-ups reps 2.60 (0.06 - 5.14) 0.04 2.03 0.22 Small 0.57 

MC reps 0.94 (-2.30 - 0.41) 0.18 -1.38 -0.13 Trivial 0.24 

Pull-ups reps 8.26 (5.75 - 10.77) < 0.001 6.57 1.07 Moderate 1.00 

Push-ups reps 6.92 (5.26 - 8.58) < 0.001 8.22 0.70 Moderate 1.00 

2.4-km run s -47.38 (-31.01 - -63.74) < 0.001 -5.73 -0.68 Moderate 1.00 

201-m run s -5.21 (-4.45 - -5.98) < 0.001 -13.54 -1.43 Large 1.00 

99OC s -1.88 (-1.43 - -2.34) < 0.001 -8.27 -1.26 Large 1.00 

BD s -2.11 (-1.58 - -2.64) < 0.001 -7.87 -1.01 Moderate 1.00 

CLF s -1.77 (-1.44 - -2.11) < 0.001 -10.54 -1.54 Large 1.00 

SW s -2.42 (-1.90 - -2.94) < 0.001 -9.31 -1.78 Large 1.00 

500R s -11.99 (-10.22 - -13.76) < 0.001 -13.45 -1.63 Large 1.00 

WSTB pts 86.12 (71.10 - 101.15) < 0.001 11.45 1.94 Large 1.00 

MSFT shuttles 14.36 (9.23 - 19.50) < 0.001 5.55 0.68 Moderate 0.99 

VO2Max ml/kg/min 4.34 (2.87 - 5.81) < 0.001 5.86 0.71 Moderate 0.99 

MBT m 2.23 (2.03 - 2.42) < 0.001 22.53 2.03 Very Large 1.00 

75PR s -1.54 (-1.21 - -1.87) < 0.001 -9.28 -1.29 Large 1.00 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid Wall Climb; 500R: 500 yard Run;  

WSTB: Work Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: Medicine Ball Toss; 75PR: 75 yard Pursuit Run. 
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Table 11. Female fitness profile separated by age 

Test 20-29 years Sample Size 30-39 years Sample Size >40 years Sample Size 

PT500 pts 347.93 ± 12.61 84 350.54 ± 24.49 24 305.50 ± 57.28 2 

Sit-ups reps 63.33 ± 2.75 84 64.04 ± 5.36 24 66.00 ± 7.07 2 

MC reps 59.70 ± 1.41 84 59.04 ± 2.65 24 57.50 ± 3.54 2 

Pull-ups reps 8.14 ± 2.95 44 5.64 ± 3.70 11 N/A 0 

Push-ups reps 46.50 ± 1.68 84 49.42 ± 2.93 24 42.50 ± 10.61 2 

2.4-km s 706.52 ± 13.17 84 676.62 ± 55.45 24 771.00 ± 41.01 2 

201-m s 35.81 ± 0.79 84 35.62 ± 1.65 24 40.50 ± 2.12 2 

99OC s 20.28 ± 0.48 47 20.49 ± 1.11 14 N/A 0 

BD s 6.91 ± 0.53 54 7.74 ± 1.23 17 N/A 0 

CLF s 9.48 ± 0.39 55 9.54 ± 0.53 17 N/A 0 

SW s 9.68 ± 0.58 37 10.34 ± 1.07 15 N/A 0 

500R s 99.53 ± 1.95 53 99.06 ± 3.02 17 N/A 0 

WSTB pts 455.23 ± 17.43 40 456.29 ± 27.74 14 N/A 0 

MSFT shuttles 59.78 ± 5.30 45 55.00 ± 9.61 12 36 1 

VO2Max ml/kg/min 36.77 ± 1.54 45 35.42 ± 2.70 12 31.80 1 

MBT m 4.47 ± 0.18 47 4.36 ± 0.31 13 3.90 1 

75PR s 18.32 ± 0.30 45 19.52 ± 0.77 13 19.36 1 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid Wall Climb; 500R: 500 yard Run;  

WSTB: Work Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: Medicine Ball Toss; 75PR: 75 yard Pursuit Run 
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Table 12. Male fitness profile separated by age 

Test 20-29 years Sample Size 30-39 years Sample Size >40 years Sample Size 

PT500 pts 427.99 ± 5.91 466 408.02 ± 12.81 104 387.61 ± 81.05 23 

Sit-ups reps 66.69 ± 1.05 466 64.59 ± 2.27 104 61.65 ± 10.46 23 

MC reps 58.62 ± 0.70 465 59.14 ± 1.50 103 55.96 ± 8.68 23 

Pull-ups reps 16.12 ± 1.05 451 15.53 ± 1.73 96 13.64 ± 9.29 22 

Push-ups reps 53.79 ± 0.93 465 56.12 ± 2.26 104 49.35 ± 1.43 23 

2.4-km s 649.53 ± 6.24 465 668.48 ± 11.83 101 687.17 ± 60.63 23 

201-m s 30.31 ± 0.31 463 31.56 ± 0.91 102 33.96 ± 3.24 23 

99OC s 18.42 ± 0.17 303 18.47 ± 0.37 68 19.56 ± 0.99 11 

BD s 4.86 ± 0.11 310 5.53 ± 1.05 72 5.34 ± 0.98 11 

CLF s 7.42 ± 0.12 312 7.80 ± 0.26 71 8.59 ± 0.94 11 

SW s 7.42 ± 0.15 305 7.39 ± 0.27 71 8.37 ± 1.32 11 

500R s 86.82 ± 0.84 301 89.26 ± 1.88 70 93.73 ± 6.20 11 

WSTB pts 543.54 ± 5.31 250 540.29 ± 11.52 58 496.89 ± 35.60 9 

MSFT shuttles 73.93 ± 2.67 238 68.72 ± 6.32 61 68.00 ± 27.38 8 

VO2Max ml/kg/min 41.08 ± 0.79 238 39.76 ± 1.71 61 39.23 ± 7.78 8 

MBT m 6.70 ± 0.15 254 6.61 ± 0.24 61 5.99 ± 0.76 10 

75PR s 16.95 ± 0.14 252 17.34 ± 0.34 61 18.17 ± 1.79 9 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid Wall Climb; 500R: 500 yard Run; WSTB: Work 

Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: Medicine Ball Toss; 75PR: 75 yard Pursuit Run
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For males, there is slight statistical support for this trend with results from ANOVA showing 

significant differences in 11 fitness tests (PT500, sit-ups, push-ups, 2.4-km run, 201-m run, BD, 

CLF, SW, 500R, WSTB, and 75PR) with a small effect size (Table 13). Post-hoc analysis (Table 

14) shows that, with the exception of sit-ups, CLF, SW, 500R, and WSTB, significant differences 

existed between the 20-29 and 30-39 age ranges. The 20-29 age group also significantly 

outperformed the 30-39 group on all these assessments except for push-ups and MC. The 20-29 

age significantly outperformed the over 40 age group on all assessments with the exception of 

BD. Lastly, significant differences existed between the 30-39 age group and the 40-49 age group 

in push-ups, 201-m run, CLF, SW, 500R, and WSTB with the 30-39 age group performing better 

across all tests.  

Table 13. ANOVA results of male fitness separated by age 

Test F p-value ω2 Interpretation 

PT500 7.37 0.001 0.02 Small 

Sit-ups 3.21 0.04 0.01 Small 

MC 1.59 0.21 0.002 Minimal 

Pull-ups 1.26 0.29 < 0.001 Small 

Push-ups 4.63 0.01 0.01 Small 

2.4-km 6.36 0.002 0.02 Small 

201-m 15.25 < 0.001 0.05 Small 

99OC 2.27 0.11 0.007 Minimal 

BD 3.04 0.05 0.01 Small 

CLF 3.88 0.02 0.01 Minimal 

SW 3.017 0.05 0.01 Small 

500R 7.06 0.001 0.03 Small 

WSTB 5.23 0.01 0.03 Small 

MSFT 1.57 0.21 0.004 Minimal 

VO2Max 1.46 0.23 0.003 Minimal 

MBT 1.84 0.16 0.01 Small 

75PR 6.65 0.001 0.03 Small 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid Wall 

Climb; 500R: 500 yard Run; WSTB: Work Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: Medicine Ball 

Toss; 75PR: 75 yard Pursuit Run. 
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Table 14. Post-hoc analysis of male fitness separated by age 

Comparison PT500 Sit-ups Push-ups 2.4-km 201-m BD CLF SW 500R WSTB 75PR 

20-29 vs 30-39 yrs 0.002 0.08 0.04 0.003 0.001 0.01 0.11 0.85 0.07 0.3 0.03 

20-29 vs >40 yrs 0.005 0.01 0.01 0.01 < 0.001 0.11 < 0.001 0.002 0.01 < 0.001 0.02 

30-39 vs >40 yrs 0.12 0.13 < 0.001 0.22 0.001 0.53 0.01 0.003 0.04 < 0.001 0.09 

Key: BD: Body Drag, CLF: Chain Link Fence Climb, SW: Solid Wall Climb, 500R: 500 yard Run, WSTB: Work Sample Test Battery, 75PR: 75 yard Pursuit Run 
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For comparisons between females of age ranges 20-29 and 30-39, results of a Wilcoxon rank-

sum test (Table 15) showed significant differences existing only for the 75PR, with the 20-29 

age group performing better.  

Table 15. Wilcoxon rank sum results female fitness age 20–29 and 30–39 

Test p-value r Interpretation Power 

PT500 0.52 -0.06 Minimal 0.07 

Sit-ups 0.86 -0.02 Minimal 0.08 

MC 0.59 -0.05 Minimal 0.11 

Pull-ups 0.65 -0.06 Minimal 0.23 

Push-ups 0.30 -0.10 Minimal 0.51 

2.4-km 0.55 -0.06 Minimal 0.34 

201-m 0.96 -0.004 Minimal 0.08 

99OC 0.87 -0.02 Minimal 0.10 

BD 0.12 -0.18 Minimal 0.38 

CLF 0.43 -0.09 Minimal 0.07 

SW 0.22 -0.17 Minimal 0.30 

500R 0.83 -0.02 Minimal 0.08 

WSTB 0.90 -0.02 Minimal 0.06 

MSFT 0.39 -0.11 Minimal 0.22 

VO2Max 0.54 -0.08 Minimal 0.21 

MBT 0.46 -0.09 Minimal 0.15 

75PR 0.003 -0.39 Medium 0.94 
Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid 

Wall Climb; 500R: 500 yard Run; WSTB: Work Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: 

Medicine Ball Toss; 75PR: 75 yard Pursuit Run. 

Discussion 

The aims of this study were to assess whether recruits were able to improve their fitness 

levels over the course of the academy, and to identify if occupational-specific tasks improved 

over the same timeframe. The results show that recruits were able to significantly increase 

their performance in almost all domains, with the exceptions being CLF and SW. 

Almost all tests related to the PT500 showed a moderate effect size between initial and final 

tests, with the exception being push-ups, which resulted in a small effect size. MSFT and 

VO2Max also demonstrated a moderate effect size, with MBT and 75PR showing a small 

effect size. In contrast, tests forming the WSTB ranged from trivial (990C, CLF, SW) to 

small (BD, 500R, and WSTB) effect sizes. When analysing the types of tests, it can be seen 

that the PT500 tends to assess muscular endurance and aerobic capacity (with the possible 

exception of the 201-m run which only had a small effect size), while the WSTB tends to 

assess muscular strength and power. The MSFT and VO2Max are also measures of aerobic 

capacity, with the MBT being a measure of upper body power, and 75PR relying more on 
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lower body muscular power than endurance. This trend of greater increase in aerobic fitness 

and muscular endurance can be seen in other recruit populations. For example, Cocke et al. 

(224) found greater increases in push-up and sit-up performance compared to one repetition 

maximum bench press and vertical jump, despite employing a variety of training programs.  

While there did appear to be a slight trend towards higher fitness in younger age groups, this 

trend had minimal statistical support, with age only accounting for a small amount of 

variance among all fitness tests. The results here follow a similar trend presented by Dawes et 

al. (1) which showed decreased fitness in older age groups in police officers. However, given 

the small effect sizes, there may be other variables, such as prior training history, explaining 

the variance in the fitness results. Further research is needed to account for this and may lead 

to more sustained fitness over officers’ careers as they age.  

When comparing the final results of aerobic fitness to other law enforcement agencies it can 

be seen that recruits from this academy were able to complete significantly more MSFT 

shuttles (70.46 ± 2.25 shuttles) compared to recruits from a different agency (61.20 ± 16.98 

shuttles) (18). Female (701.17 ± 15.47 s) and male recruits (653.79 ± 5.39 s) in this academy 

were also able to complete a 2.4-km faster compared to recruits at another academy (Female 

= 741.00 s, Male = 660.60 s) (225). These results suggest that graduates from this academy 

possess higher levels of aerobic fitness when compared to other police academies. However, 

when compared to the general population the VO2Max scores for males aged 20-29 (41.08 ± 

0.79 ml/kg/min) would be considered poor, while females in this age range (36.77 ± 1.54) 

would be considered fair according to ACSM guideline (231). For the age ranges 30-39, 

males (39.76 ± 1.71 ml/kg/min) would be considered fair, while females (35.43 ± 2.70 

ml/kg/min) would be considered good. Finally, for males over 40 (36.98 ± 5.56 ml/kg/min) 

would be considered fair, while females of this age were not able to be compared due to low 

numbers.  

A similar trend can be seen in muscular endurance with recruits graduating from this 

academy being able to perform more push-ups (52.90 ± 0.75 vs 48.67 ± 11.87 reps), and sit-

ups (65.73 ± 0.86 vs 44.17 ± 5.91 reps) compared to another academy (18). When broken 

down into sex, it can be seen that females in this academy were able to perform slightly fewr 

push-ups (47.06 ± 1.45 vs 51.11 ± 12.75 reps) and more sit-ups (63.54 ± 2.37 vs 46.83 ± 6.82 

reps), while males performed fewer push-ups (53.98 ± 0.82 vs 70.24 ± 12.27 reps) and more 

sit-ups (66.14 ± 0.92 vs 47.92 ± 5.65 reps) (225). However, it should be noted that push-ups 
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in the current academy are performed for a score. This score reaches a maximum when 50 

repetitions are reached which could be providing a ceiling effect resulting in a lower score. 

These results show a trend that graduates from this academy possess a similar, if not higher, 

muscular endurance compared to other academies. When comparing push-ups to the general 

population, both males (53.79 ± 0.93 reps) and females (46.50 ± 1.68) in the 20-29 age range 

would be in the excellent category (231). For ages ranging from 30-39, males (56.12 ± 2.26 

reps) and females (49.42 ± 2.93 reps) would again be excellent (231). Males (49.35 ± 1.43 

reps) and females (50.00) aged 40-49 are also considered excellent when compared to the 

general population, though there was only one female in this age group. 

These results provide evidence that while most domains of fitness increased, there appears to 

be a trend towards a more prominent increase in muscular endurance and aerobic capacity, a 

trend seen across other academy training programs (224). While important aspects of fitness 

for a police officer, muscular strength and power are also vital to complete occupational 

tasks. Previous research has shown that measures of power and anaerobic fitness were more 

strongly correlated with police occupational tasks compared to measures of aerobic fitness 

(11). The importance of these domains to occupational performance is reflected in the 

WSTB, itself a test of occupational simulations, with drills emphasising strength and power. 

This trend is likely the result of physical training programs historically focused on muscular 

endurance and aerobic capacity, with physical training sessions containing bodyweight 

circuits and long-distance running (206, 213). In the future, academies should add elements 

of muscular strength and power to their physical training programs to better improve 

performance on work simulated tasks and prepare their recruits for working in the field.  

Recruits graduating from this academy tend to have a higher aerobic fitness level, and 

similar, if not higher, muscular endurance when compared to other academies. Compared to 

the general population, recruits from this agency have excellent muscular endurance as 

measured by the push-up. Worryingly, when comparing aerobic fitness there is a trend of 

below average scores when compared to the general population especially regarding the 

younger age ranges. Given the importance of aerobic fitness in both occupational task 

performance (2) and injury risk (224), this is something that should be addressed. 

Considering that previous research has shown that fitness decays over time upon graduation 

from the academy (225), strategies should be implemented aiming to further increase aerobic 

fitness of recruits. It should be noted however, that these findings contradict previous 

research in law enforcement which show that officers are above age related norms (235). This 
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may be a sign of changes in law enforcement fitness or may be specific to the population 

studied in this research. Future research will be necessary to clarify this point. As officers 

tend loose fitness throughout their careers (1), larger increases in aerobic fitness may allow 

officers to maintain higher levels of fitness as they age. Police departments may also be able 

to implement ongoing training programs to help maintain or even increase fitness in police 

officers after graduating from the academy.  

There are certain limitations in this study which should be noted. As this is a retrospective 

study it may be limited by other confounding variables not addressed in this study, such as 

prior training history. Additionally, as the sample is drawn from one law enforcement agency, 

results from this study cannot be used as a representation of all law enforcement recruits. 

Another limitation of this study is the lack of a true assessment of muscular power or 

muscular strength. While the occupational tasks performed utilise these qualities, a true 

assessment of these physiological capabilities would provide stronger evidence for the 

improvement, or lack thereof, of these qualities over the course of academy training. Lastly, 

the population in this study was weighted more towards younger individuals, specifically 

males. While representative of similar populations, increasing the number of female and older 

age subjects would allow for more robust comparisons.  

Conclusions 

Recruits were able to increase their fitness levels across almost all domains during an 

academy. However, a trend towards larger improvements in muscular endurance and aerobic 

capacity was seen compared to muscular strength. Even though larger improvements in 

aerobic capacity were seen, graduates from the academy still possessed lower aerobic fitness 

levels on average than the general population. While important, muscular endurance and 

aerobic capacity must not be solely focused on to the detriment of the other fitness domains. 

Adding a focus on muscular strength and power may improve performance on occupational 

simulated tasks, and possibly better prepare recruits for working as a law enforcement 

officers.  After addressing the typical fitness changes and TLs (Chapter VI) experienced by 

law enforcement recruits, profiling the typical injuries experienced by this population is the 

next step prior to understanding how these variables may relate to each other.  
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Addendum 

Note that the robust post-hoc techniques used in the current chapter are effective at 

controlling Type 1 error rates, especially when compared to non-robust methods (198.) A 

post hoc power analysis was performed, though current research cautions against the use of 

these types of analysis due to conceptual faults (236). Therefore, statements regarding 

sufficient power that are presented in this chapter should be cautiously interpreted. Additional 

analysis was completed post publication of this chapter. Utilising R Studio (199), a 

correlation analysis was conducted between initial fitness scores and the difference between 

initial and final assessment performance. This was completed to account for the impact of 

regression to the mean on performance, whereby a negative correlation would suggest less 

change given higher entry performance and vice versa. The results of this analysis are 

displayed in (Table 16). Effect size was interpreted, according to Cohen (229), as follows: 

small = 0.1, medium = 0.3, and large = 0.5. Results from this analysis show multiple small 

(Pull-ups, 201-m, MSFT), medium (MC, Push-ups, VO2Max, 75PR), and large (PT500, Sit-

ups, 2.4-km, 99OC, BD, CLF, SW, 500R, WSTB, MBT) effect sizes. This is suggestive that 

the improvement in fitness scores detailed in this chapter may be affected by regression to the 

mean, particularly in assessments with medium and large effect sizes, individuals with higher 

initial fitness levels demonstrated a smaller improvement in fitness.  
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Table 16. Pearson Correlation results comparing initial score and change in performance 

Test p-value r  Effect Size 

PT500 < 0.001 -0.59 Large 

Sit-ups < 0.001 -0.61 Large 

MC < 0.001 -0.48 Medium 

Pull-ups < 0.001 -0.25 Small 

Push-ups < 0.001 -0.43 Medium 

2.4-km < 0.001 -0.52 Large 

201-m < 0.001 -0.23 Small 

99OC < 0.001 -0.98 Large 

BD < 0.001 -0.73 Large 

CLF < 0.001 -0.99 Large 

SW < 0.001 -0.57 Large 

500R < 0.001 -0.56 Large 

WSTB < 0.001 -0.81 Large 

MSFT < 0.001 -0.26 Small 

VO2Max < 0.001 -0.31 Medium 

MBT < 0.001 -0.58 Large 

75PR < 0.001 -0.39 Medium 

Key: MC: Mountain Climbers; 99OC: 99 yard Obstacle Course; BD: Body Drag; CLF: Chain Link Fence Climb; SW: Solid 

Wall Climb; 500R: 500 yard Run; WSTB: Work Sample Test Battery; MSFT: 20 m Multi-Stage Fitness Test; MBT: 

Medicine Ball Toss; 75PR: 75 yard Pursuit Run; Effect size: small = 0.1, medium = 0.3, and large = 0.5.   
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Chapter VIII 

Profile the Typical Injuries of a Law 

Enforcement Recruit Class 
 

Preface 

Following the profiling of TL (Chapter VI) and fitness (Chapter VII) in law enforcement 

recruits undergoing training, a final consideration in measuring and applying TL and fitness 

programming are their associations with injuries and injury risk. In Chapter VII, the potential 

consequences of an insufficient TL were discussed in relation to impacts on fitness. However, 

just as insufficient TL may be problematic, so too may excessive TLs. Excessive training 

loads may lead to over training and not only a concomitant reduction in performance, but also 

increases in injury risk. As such, a profile of the typical injuries sustained during law 

enforcement training will provide an understanding on the effects of the current training 

program and its TL. The study reported in this chapter profiles injuries sustained by recruits 

undergoing academy training to further inform, and pursuant to further investigations of, 

potential links between TL, fitness, and injury risk.  

 

This chapter has been submitted to BMC Sport Science, Medicine, and Rehabilitation and is 

currently awaiting review.  
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Introduction 

Law enforcement officers commonly encounter physically stressful situations (12), such as 

foot pursuits and restraining uncooperative suspects (1). The physical nature of law 

enforcement increases the risk of officers suffering musculoskeletal injuries, such as muscle 

strains (21). It has been reported that law enforcement officers suffer musculoskeletal injuries 

at a rate ranging from 240 to 2500 per 1000 personnel per annum (21). The high injury rates 

seen in law enforcement officers has a combination of detrimental side effects both at an 

individual and organisational level. 

Injuries have the potential to increase an officer’s risk of future injury and decreasing their 

occupational performance, as referenced in military populations (25, 237, 238). This is of 

particular concern as previous investigations have reported that having sustained a previous 

injury is the strongest predictor of future injury (238). A systematic review across active 

populations, including military, found that previous lower extremity injuries significantly 

increased the risk of future injury due to a variety of potential factors, such decreased 

strength, proprioception, and neuromuscular control (238). These findings highlight the 

importance of interventions to reduce early-career injuries. A possible strategy to mitigate 

injury rates is to target injury prevention programs to law enforcement recruits while they are 

completing mandatory academy training.  

During academy training, physical training periods are typically implemented to develop the 

fitness and resilience required to perform physically demanding occupational tasks (191). 

Law enforcement recruits are typically drawn from the general population and often have 

varying levels of physical training experience and fitness prior to the commencement of 

training (12). The transition from general life to the highly physical, mental, and emotional 

demands of academy training can result in a drastic increase in a recruit’s overall level of 

stress, potentially leading to increased risk of injury (239). In military personnel, this increase 

in stress (inclusive of physical and mental stress) is potentially one of reasons recruits 

commonly experience a higher rate of injury than those active duty(36). Though different 

professions, with unique occupational demands, both law enforcement and military utilise 

training academies with similar aims to improve physical fitness and knowledge (36, 191). It 

is conceivable that law enforcement recruits entering a similarly demanding training period 

may also be experiencing increased risk of injury. While law enforcement is an inherently 
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unpredictable profession, academy training tends to be more controlled in nature, where 

academy staff are better able to manage risk exposure (193).  

The controlled nature of the training environment presents a unique opportunity to implement 

injury mitigation strategies that may reduce a recruit’s injury potential. Previous strategies, 

including ability-based training (107) and periodised strength training and conditioning (224), 

have been hypothesised as being able to reduce injuries. . To further optimise effectiveness of 

injury mititgation programs it is imperative that  are specific and targeted to a given 

population (36). This is due in part to differing physical training programs between agencies 

(240)and varying fitness levels of recruits  between agencies even within the same country 

(179). For this reason, a detailed injury analysis within the population is required to develop 

appropriate intervention strategies. 

Injury profiles provide further additional benefits, such as time lost and financial cost (241). 

These factors are especially crucial in law enforcement as any time lost will require officers 

to complete additional shifts thus increasing their risk of injury through additional workplace 

exposure. Previous research has suggested that approximately 26% of officers can miss 30 or 

more days due to injury (242). Injuries also incur a financial cost to treat and rehabilitate, 

ranging from $2,500 to $12,000 USD (243). Building specific injury profiles improve the 

understanding of a specific organisations time and financial costs of injuries, as well as aid in 

designing effective programs to mitigate these negative consequences.  

Developing injury profiles, consisting of common injuries and their mechanisms, specific to a 

given academy allows for more targeted injury mitigation strategies to be developed and 

employed. In addition, they can allow for further information on time lost and financial 

costings of injuries. As such, the aim of this study was to profile the injuries sustained by 

recruits during academy training from one specific United States (US)-based law 

enforcement academy to inform future injury mitigation strategies and to develop a baseline 

against which future mitigation strategies could be measured. 

Methods 

Participants 

This retrospective study reviewed recruit injury and illness data recorded by a US law 

enforcement academy from May 2012 to September 2019. During this time period, a total of 

4340 (3288 males, 938 females, 114 sex not stated) recruits participated in academy training, 
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across 52 classes. Further demographic data was not provided, a common finding in tactical 

populations due, in part, to security concerns (12, 107, 176). Records for academy recruits 

were drawn from the academy’s worker’s compensation insurance database and consisted of 

the official records of academy recruit members injured.  

Procedures 

De-identified data included injury date, claim number, body site, nature of the injury, activity 

performed at time of injury, position in the academy, age, a narrative description of the 

incident, as well as the appropriate codes, using the International Classification of Disease 

(ICD-9 or ICD-10) used to describe these injuries. This coding was originally performed by 

the diagnosing physician.  During this time frame, the police organization noted that the 

length of academy training varied from 20 to 22 weeks. Injury for this study was defined as 

tissue damage caused by acute or repetitive trauma, inclusive of musculoskeletal, neural, 

and/or integumentary systems but excluding general medical conditions such as cardiac (e.g. 

heart attacks) or respiratory (asthma) that occurred during academy training and was 

subsequently reported for worker’s compensation. In this population group, all reported 

injuries are subsequently processed under insurance claims, thus the filed insurance claims 

are an accurate representation of reported injuries. Fitness data was also included to allow for 

further analysis on the relationship between fitness levels and injuries. Fitness was measured 

via a standardised testing battery (the PT500), which has been described previously in 

multiple research papers (17, 175, 191, 244), and split into quintiles.  

Inclusion criteria for the data were a) injury record related to a recruit, and b) the recruit was 

injured during academy training. Records were excluded if a) the data were incomplete and 

thus not being able to identify the nature or location of the injury, b) the data were a duplicate 

entry, or c) the claim was in relation to illness. The data were manually reviewed to ensure 

only eligible records were included for analysis. Non-eligible and duplicate records were 

removed using the criteria previously described. If one recruit exhibited multiple ICD codes 

for the same location under the same claim, only the injury that most closely reflected the 

overall diagnosis or the most severe injury were counted towards the total. For example, if it 

was acknowledged that the recruit had an ankle joint and ligament injury in addition to an 

ankle fracture, only the data associated with the ankle fracture were utilised. Bilateral injuries 

were counted as two distinct entries.  
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Data were also reclassified according to ICD-10 codes, if not already present, to allow easier 

grouping of nature of injuries for presentation. This was completed by utilising the ICD codes 

originally applied, as well as the free-text narrative. Where inconsistencies existed between 

the free-text narrative and ICD codes, precedence was given to the narrative as this can 

present a more detailed overview compared to a finite coding system (245). This process was 

performed by the lead author, a qualified physiotherapist with assistance from a second 

author (BS) who has previously completed a similar strategy and is also a qualified 

physiotherapist. ICD-10 codes were further aggregated into overall categories to allow for 

more efficient and clearer presentation of data. For example, a sprain of joint or body area 

was classified as trauma to joint/ligaments, while tendinopathy and strain of muscle, among 

others, were classified as injury to muscle/tendon.  

Statistical Analysis 

Following the data cleaning process, incidence rates (IR) per 1000 recruits per year of 

exposure to training were calculated. Incidence rates were defined as the number of new 

occurrences of injuries during a specified time, noting that one individual could be injured 

multiple times (246). This was achieved by firstly determining the number of injuries per 

recruit per week, calculated by dividing the total number of injuries observed by the total 

number of weeks recruits were exposed to training. Next, this result was multiplied by the 

number of weeks in a year (i.e. 52) to calculate the number of injuries per recruit per year, 

and then by 1000 to determine the number of injuries per 1000 recruits per year of exposure 

to training, allowing for further comparison across multiple tactical and police populations 

regardless of training duration. A 95% confidence interval was determined using the online 

calculator at https://www.openepi.com/PersonTime1/PersonTime1.htm and utilising the Mid-

P exact test (247). This was performed for both male and female recruits.  

Additionally, recruits were placed into quintiles based on initial fitness testing scores, which 

was referred to as the PT500. Initial fitness scores were only provided for a subset of the 

population (15 classes, 1133 recruits, 219 females, 914 males).  The PT500 is standardised 

fitness assessment within this population. Multiple papers, including Chapter VII of this 

thesis, have been published describing the methodology of this assessment and should be 

referred to for further information (17, 175, 191, 244)IRs were calculated per quintile. The 

potential for recruits to be dismissed from the academy was factored into the count of weeks 

of training completed. If a recruit was dismissed, the week of the dismal was counted towards 
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the week totals with the remainder of weeks left unaccounted. For clarity, all weeks in which 

recruits were exposed to training were counted. For those recruits who successfully 

completed training, this was 20 or 22 weeks (depending on their respective course length) of 

training. For those recruits who were separated before the end of training (dropped out), all 

weeks of training up to and including the week in which they separated were included, as 

they were exposed to training in those weeks. Later weeks, in which these latter recruits were 

not continuing with training and so not exposed to training were not counted and so did not 

contribute towards the total cohort exposure time. This meant that only valid weeks of 

exposure to training were counted in the denominator when calculating incidence rates for 

injuries that occurred during training. However, details of separations were unavailable for 

one class, with no information provided. For the class where the details of separations were 

unavailable an estimate was calculated by taking the average of weeks (rounded to the nearest 

whole week, resulting in an average of 240 weeks) of separation of all classes with the same 

course length and applied at a cohort level.  To further improve the accuracy of IRs, only 

injuries that occurred during completed classes were counted. Injuries that occurred in classes 

that had started prior to May 2012 or ended after September 2019 were excluded to ensure 

consistency.  

The total number of injuries per individual class was then calculated and imported to R 

Studio (Version 1.2.5042, RStudio, Inc.) for correlation analysis to examine change in injury 

rates across successive (i.e., chronologically occurring) classes. Due to violations of 

normality as measured by Shapiro-Wilk test, Spearman’s rho was used to calculate 

correlations (248). Spearman (rs) correlations were interpreted as follows: 0.00 as zero, 0.10-

0.20 as poor, 0.30-0.50 as fair, 0.50-0.70 as moderate, 0.80-0.90 as very strong, 1.00 as 

perfect (249). Of note, the correlation analysis was only used to assess the correlation 

between incidence rates and passage of time as consecutive classes completed training. Next 

the nature of injury, location of injury, and activity performed at time of injury are presented 

as a raw figure and percentage of total amount of injuries. These figures were then tabulated 

to identify the most common nature and location of injury in this population as well as the 

activity being performed when injury occurred. The 95% confidence intervals were 

calculated for the injury, location of injury, and activity performed at time of injury 

proportions. This was completed using an online calculator found here: 

http://vassarstats.net/prop1.html.   
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Incidence rate ratios (IRR) were subsequently calculated to provide further comparisons of 

injury rate across fitness quintiles (using the lowest fitness quintile as the reference group), 

time, and sex. Determining the IRR for time was completed by dividing the IR during the 

first five chronological classes by the IR for the last five chronological classes. The 95% 

confidence intervals around the IRR were calculated as follows (250): 

95%CI = exp ( ln [IRR]-1.96xSE( ln[IRR])) to exp ( ln[IRR] + 1.96xSE( ln[IRR])) 

where 

SE( ln[IRR]) = √(1/[IRA] + 1/[IRB] – 1/IRB – 1/IRA) 

Results 

A total of 568 (194 females, 366 males, 8 unknown) injuries were identified during this 

seven-year period. This resulted in an IR IR of 376.51 (95% CI 345.50-409.60)injuries per 

1000 recruits per year of exposure. Females had an IR of 650.97 (95% CI 560.00-752.60) 

injuries per 1000 recruits per year of exposure, while males had an incidence of 311.37(95% 

CI 279.80-345.50) injuries per 1000 recruits per year of exposure. The calculated IRR 

between male and female IR was 2.09 (95% CI 1.85 – 2.37). 

Injury Characteristics 

The most common nature of injury that occurred was trauma to joints and ligaments (49.47% 

of injuries), followed by injury to muscle (26.41%), and fractures (7.21%) (Table 1). 

Regarding the location of injury, the most common area injured was the knee (23.42%) 

followed by the ankle (13.91%) and lower leg (10.39%) (Table 2). The five most common 

injured areas all concern the lower extremity and are then followed by the low back (6.34%) 

and shoulder (5.46%). 
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Table 17. Nature of reported injuries 

Nature 

Total 

number of 

injuries (%) 

95% 

CI 
Incidence 

Number of 

injuries – 

Male (%) 

95% 

CI 

Number of 

injuries – 

Female (%) 

95% 

CI 

Trauma to 

joints/ligaments 
281 (49.47%) 

45.38 – 

53.57% 
181.50 176 (48.09%) 

43.02-

53.20% 
101 (52.06%) 

45.06-

58.98% 

Injury to Muscle 150 (26.41%) 
22.95 – 

30.19% 
98.77 97 (26.50%) 

22.24-

31.25% 
51 (26.29%) 

20.60-

32.90% 

Fracture 41 (7.21%) 
5.37-

9.65% 
26.30 27 (7.33%) 

5.12%-

10.52% 
13 (6.70%) 

3.96-

11.12% 

Contusion 38 (6.69%) 
4.91-

9.05% 
24.37 26 (7.10% 

4.89-

10.20% 
12 (6.19%) 

3.58-

10.50% 

Superficial 

Injury 
31 (5.46%) 

3.87-

7.65% 
19.88 22 (6.01%) 

4.00-

8.93% 
8 (4.12%) 

2.10-

7.92% 

Dislocation 12 (2.11%) 
1.21 – 

3.65% 
7.70 7 (1.91%) 

0.93%-

3.89% 
5 (2.58%) 

1.11-

5.89% 

Concussion 10 (1.76%) 
0.96-

3.21% 
6.41 7 (1.91%) 

0.93%-

3.89% 
3 (1.55%) 

0.53-

4.45% 

Injury to Nerve 5 (0.88%) 
0.48-

2.04% 
3.21 4 (1.09%) 

0.42%-

2.77% 
1 (0.52%) 

0.09-

2.87% 

Total 568 (100%)   366 (100%)  194 (100%)  

Key: Incidence reported in cases per 1000 recruits per year of exposure to training. Columns may not add 

up to 100% due to rounding. 
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Table 18. Body location of reported injuries 

Location 

Total 

number of 

injuries (%) 

95% 

CI 
Incidence 

Number of 

injuries – 

Male (%) 

95% 

CI 

Number of 

injuries – 

Female (%) 

95%  

CI 

Knee 133 (23.42%) 
20.12-

27.07% 
85.30 88 (24.04%) 

19.95-

28.67% 
42 (21.65%) 

16.44-

27.97% 

Ankle 79 (13.91%) 
11.31-

17.00% 
50.67 50 (13.66%) 

10.52-

17.56% 
29 (14.85%) 

10.62-

20.65% 

Lower Leg 59 (10.39%) 
8.14-

13.17% 
40.41 37 (10.11%) 

7.42-

13.62% 
20 (10.31%) 

6.77-

15.39% 

Hips 50 (8.80%) 
6.74-

11.42% 
32.07 27 (7.38%) 

5.12-

10.52% 
22 (11.34%) 

7.61-

16.57% 

Thigh 40 (7.04%) 
5.21-

9.45% 
25.65 30 (8.20%) 

5.80-

11.46% 
10 (5.16%) 

2.82-

9.22% 

Low Back 36 (6.34%) 
4.61-

8.65% 
23.09 27 (7.38%) 

5.12-

10.52% 
9 (4.64%) 

2.46-

8.58% 

Shoulder 31 (5.46%) 
3.87-

7.65% 
21.16 20 (5.47%) 

3.56-

8.28% 
12 (6.19%) 

3.58-

10.50% 

Foot/Toe 26 (4.58%) 
3.14-

6.63% 
16.68 15 (4.10%) 

2.50-

6.65% 
11 (5.67%) 

3.20-

9.87% 

Hand/Digit 24 (4.22%) 
2.86-

6.22% 
15.39 15 (4.10%) 

2.50-

6.65% 
9 (4.64%) 

2.46-

8.58% 

Face 14 (2.46%) 
1.47-

4.09% 
8.98 9 (2.50%) 

1.30-

4.61% 
5 (2.58%) 

1.11-

5.89% 

Chest/Rib 13 (2.29%) 
1.34-

3.88% 
8.34 7 (1.91%) 

0.93-

3.89% 
5 (2.58%) 

1.11-

5.89% 

Nervous System 11 (1.94%) 
1.09-

3.44% 
7.05 8 (2.19%) 

1.11-

4.26% 
3 (1.55%) 

0.53-

4.45% 

Head 10 (1.76%) 
0.96-

3.21% 
6.41 8 (2.19%) 

1.11-

4.26% 
2 (1.03%) 

0.28-

3.68% 

Wrist 9 (1.59%) 
0.83-

2.98% 
6.41 3 (0.82%) 

0.28-

2.38% 
6 (3.09%) 

1.42-

6.58% 

Ears 6 (1.06%) 
0.49-

2.29% 
3.85 2 (0.55%) 

0.15-

1.98% 
4 (2.06%) 

0.80-

5.18% 

Neck 6 (1.06%) 
0.49-

2.29% 
3.85 5 (1.37%) 

0.59-

3.16% 
1 (0.52%) 

0.09-

2.87% 

Eyes 5 (0.88%) 
0.38-

2.04% 
3.21 4 (1.09%) 

0.42-

2.77% 
0 0 

Abdomen 5 (0.88%) 
0.38-

2.04% 
3.21 2 (0.55%) 

0.15-

1.98% 
3 (1.54%) 

0.53-

4.45% 

Mouth/Throat 4 (0.70%) 
0.27-

1.79% 
2.57 4 (1.09%) 

0.42-

2.77% 
0 0 

Upper Arm 3 (0.53%) 
0.18-

1.65% 
1.92 3 (0.82%) 

0.28-

2.38% 
0 0 

Elbow 2 (0.35%) 
0.10-

1.27% 
1.28 1 (0.27%) 

0.05-

1.53% 
1 (0.52%) 

0.09-

2.87% 

Upper Back 1 (0.18%) 
0.03-

1.00% 
0.64 1 (0.27%) 

0.05-

1.53% 
0 0 
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Total 568 (100%)   366 (100%)  194 (100%)  

Key: (1) Incidence reported in cases per 1000 recruits per year of exposure to training. (2) Nervous system 

is inclusive of concussions. Columns may not add up to 100% due to rounding. 

 

Over half (55.63%) of all injuries experienced over the course of this seven-year period 

occurred during physical training, while 19.89% of injuries occurred during defensive tactics 

training, where recruits learn how to defend themselves from aggressive and violent suspects 

(Table 3). Approximately 8.98% of injuries occurred during an unknown activity, though it 

appears these injuries were commonly musculoskeletal in nature and a combination of 

overuse and acute injuries.  

Table 19. Activity performed when injury occurred 

Activity 

Total 

number of 

injuries (%) 

95% 

CI 
Incidence  

Number of 

injuries – 

Male (%) 

95% CI 

Number of 

injuries –  

Female (%) 

95% 

CI 

Physical 

Training 
316 (55.63%) 

51.52-

59.66% 
206.51 

199 

(54.37%) 

49.25-

59.40% 
115 (59.28%) 

52.25-

65.95% 

Defensive 

Tactics 
113 (19.89%) 

16.81-

23.37% 
72.47 87 (23.77%) 

19.70-

28.39% 
24 (12.37%) 

8.46-

17.75% 

Unknown 51 (8.98%) 
6.90-

11.61% 
32.71 29 (7.92%) 

5.57-

11.14% 
20 (10.31%) 

6.77-

15.39% 

Occupational 

Simulations 
42 (7.39%) 

5.51-

9.84% 
26.94 26 (7.10%) 

4.89-

10.20% 
14 (7.22%) 

4.35-

11.75% 

Marching 12 (2.11) 
1.21-

3.65% 
7.70 9 (2.46%) 

1.30-

4.61% 
13 (6.70%) 

3.96-

11.12% 

Range 8 (1.41%) 
0.72-

2.76% 
5.13 3 (0.82%) 

0.28-

2.38% 
5 (2.58%) 

1.11-

5.89% 

Personal 

Hygiene 
7 (1.23%) 

0.60-

2.52% 
4.49 5 (1.36%) 

0.59-

3.16% 
2 (1.03%) 

0.28-

3.68% 

Manual 

Handling 
5 (0.88%) 

0.38-

2.04% 
3.21 5 (1.36%) 

0.59-

3.16% 
0  

Class 1 (0.18%) 
0.03-

1.00% 
0.64 1 (0.27%) 

0.05-

1.53% 
0  

Standing 1 (0.18%) 
0.03-

1.00% 
0.64 1 (0.27%) 

0.05-

1.53% 
0  

Total  568 (100%)   366 (100%)  194 (100%)  

Key: (1) Incidence reported in cases per 1000 recruits per year of exposure of training. (2) Unknown 

injuries had insufficient data to classify activity at time of injury. Columns may not add up to 100% due to 

rounding. 
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Injuries Rates across Fitness Levels and Time 

Fitness appeared to have an impact on injury incidence, both overall and between sexes, with 

lower quintiles having higher IRs. IRs were highest in the 20th percentiles (IR: 891.57, 95% 

CI 723.80-1146.00 injuries per 1000 recruits per year of exposure) and decreased to the 100th 

percentiles (IR: 306.53, 95% CI 207.70-437.10 injuries per 1000 recruits per year of 

exposure). This is reflected in the relative IRR, decreasing from 0.42 (95% CI 0.32-0.55) in 

the 20th to 40th percentile comparison to 0.34 (95% CI 0.25-0.47) in the 20th to 100th 

percentile grouping. Male IRs followed a similar pattern with decreased rates across higher 

initial levels of fitness. The IRR follows a similar decrease across quintiles except for the 20th 

to 80th percentile comparison (IRR 0.46, 95% CI 0.31-0.68) being greater than the 20th to 60th 

percentile comparison (IRR 0.43, 95% CI 0.28-0.66). However, for females, while a lower  

IR was present in the 40th percentile (IR: 491.83, 95% CI 258.60-854.70 injuries per 1000 

recruits per year of exposure), the IR increased across the 60th (IR: 587.20, 95% CI 286.30-

1070.70), 80th (IR: 712.33, 95% CI 181.30-1939.00), and 100th (IR: 1162.01, 369.50-

2805.00) percentiles. This resulted in increasing IRRs from the 20th to 40th percentile 

comparison (IRR: 0.42, 95% CI 0.32-0.55) to the 20th to 100th percentile comparison (IRR: 

0.95, 95%CI 0.29-2.46). 
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Table 20 Incidence rates across fitness quintiles 

  20th Percentile 40th Percentile 60th Percentile 80th Percentile 100th Percentile 

  
Total  

(n=229) 

Female 

(n=103) 

Male 

(n=126) 

Total  

(n=230) 

Female 

(n=58) 

Male  

(n=172) 

Total  

(n=224) 

Female 

(n=39) 

Male  

(n=184) 

Total  

(n=227) 

Female  

(n=10) 

Male  

(n=217) 

Total  

(n=224) 

Female  

(n=9) 

Male 

(n=215) 

PT500 

 (mean±SD) 

181.25 

±36.72 

173.17 

±38.72 

187.86 

±33.75 

257.61 

±16.54 

256.48 

±6.35 

257.99 

±16.63 

311.58 

±15.07 

312.31 

±14.28 

311.42 

±15.26 

365.96 

±17.11 

361.90 

±15.84 

366.14 

±17.18 

439.20 

±30.81 

423.33 

±6.41 

439.86 

±30.76 

Injuries 71 42 29 36 11 25 29 9 20 29 3 26 28 4 24 

IR (per 1000 

recruits per year 

of exposure) 

891.57 1212.66 644.44 407.05 491.83 378.35 328.83 587.20 274.48 314.43 712.33 295.39 306.53 1162.01 273.03 

IR 95% CI (per 

1000 recruits per 

year of exposure) 

701.60 

to 

1118.00 

885.10 

to 

1623.00 

439.80 

to 

913.50 

289.40 

to 

557.40 

258.60 

to 

854.70 

250.30 

to 

550.30 

224.40 

to 

466.10 

286.30 

to 

107.70 

172.40 

to 

416.40 

214.60 

to 

445.70 

181.30 

to 

1939.00 

197.10 

to 

426.60 

207.70 

to 

437.10 

369.50 

to 

2805.00 

179.00 

to 

400.10 

IRR (per 1000 

recruits per year 

of exposure) 

1.00 

(Ref) 

1.00 

(Ref) 

1.00 

(REF) 
0.42 0.41 0.59 0.37 0.48 0.43 0.35 0.59 0.46 0.34 0.95 0.42 

95% CI IRR (per 

1000 recruits per 

year of exposure) 

- - - 
0.32 to 

0.55 

0.27 to 

0.60 

0.40 to 

0.86 

0.27 to 

0.50 

0.33 to 

0.70 

0.28-

0.66 

0.26 to 

0.48 

0.33 to 

1.06 

0.31 to 

0.68 

0.25 to 

0.47 

0.29 to 

2.46 

0.28 to 

0.63 

Key: IR: Incidence Rate, 95% CI: 95% Confidence Interval, IRR: Incidence Rate Ratio
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When plotting injuries across consecutive classes, there was a significant, positive trend for 

increased injury rates over successive classes with a moderate correlation coefficient (rs = 0.60; 

p-value < 0.001) (Figure 1). IRs were calculated for the first five (IR: 189.75, 95% CI 126.66-

274.10 injuries per 1000 recruits per year of exposure) and last five (IR: 666.49 95% CI 544.60–

807.90 injuries per 1000 recruits per year of exposure) classes (chronologically). A calculated 

IRR of 3.51 (95%CI 2.44 to 5.06) between these two groups, further suggest an increase in 

injuries over time.  

 
Figure 17. Incidence rates per individual academy classes 

 
Key: Each dot represents one recruit class, with classes ordered chronologically beginning in May 2012, with a line 

of best fit and 95% confidence interval represented by shading.  

 

The highest number of injuries occurred between weeks two and five, with the highest amount 

occurring during the second week (Figure 2). Two other spikes occur during weeks eight and 14, 

with approximately 40 injuries occurring each week.  
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Figure 18. Number of injuries per week between during academy training from May 2012 to September 2019 

 

 

Discussion 

The aim of this study was to profile the injuries typically experienced by law enforcement 

recruits during academy training. This was undertaken to inform future injury mitigation 

strategies to potentially reduce injuries and their negative effects. Firstly, IRs in this study were 

found to be higher in females compared to males. This echoed previous research conducted by 

Schram et al. (251) in a tactical population. Schram et al. (251) also reported that injury rates 

between females and males were no longer significantly different after accounting for fitness 

levels. This is consistent with previous research in military populations that showed higher injury 

rates in females may be more likely due to differences in fitness levels rather than sex (252-255).  

In contrast, a systematic review on injury rates in sports found male athletes to have a 

significantly higher injury rate (256). While tactical and athletic populations have differing 

occupational demands this does provide further context that fitness levels in female tactical 

personnel may be impacting injury rates more than physiological or biomechanical differences 

(251). Further, females may be required to work at a greater relative intensity as they will be 

required to complete similar occupational tasks at a lower initial fitness levels (on average) (257) 

and may have to carry greater loads in comparison to their bodyweight as seen in military 

personnel (258). These factors further illustrate that nature of injury in female law enforcement 
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and tactical personnel is a complex interaction of fitness levels, one size fits all training, and 

varying fitness requirements.  

Interestingly, female IR increased across higher fitness levels (although with overlap between 

confidence intervals), contrary to previous research which suggests higher fitness levels decrease 

risk of injury (12, 259). The large differences between the 60th, 80th, and 100th percentiles, as well 

as the increase in injury across higher fitness level, may be due to the small female sample size in 

these groups. However, the previous studies that showed no significant differences when 

accounting for fitness had similar disparities in the sample populations (252-255). Also of note, 

are the large 95% CI’s suggesting a wide range of IR’s over repeated samples. The studies by 

Tomes et al. (259) and Orr et al. (12) that linked fitness to injuries in law enforcement recruits did 

not contain information regarding the sex of participants so comparison of sample size, as well as 

fitness across sex, could not be made. 

In addition to the impact of fitness on injury rates, it has been reported that females may be more 

likely to report their injuries more frequently and sooner than male military recruits (251, 255), 

while in law enforcement it has been found that a higher proportion of female officers collected 

worker’s compensation (260). Future research is needed to understand how this may impact 

reporting of injuries in law enforcement recruits between males and females (260). These 

differences would suggest that the male injury rate is underrepresented. This study did not 

specifically account for fitness levels but rather investigated IRs within percentiles, which limits 

statistical findings and ability to control confounding variables. For example, females in the 60th 

percentile may still have significantly lower fitness levels than males within the same percentile 

which may influence injury rate, in addition to the points mentioned previously regarding relative 

workloads and the requirement to perform occupational tasks regardless of fitness level. Future 

research will need to be conducted to further analyse the true effect of fitness on injury rates both 

between sexes within this population, and within females.   

The findings from this study revealed that recruits at this academy were more likely to experience 

musculoskeletal injuries to their lower limb due to physical training or defensive tactics training 

(where recruits are trained in self-defence). This is not entirely unexpected based on the physical 

demands and exertion associated with these forms of training, particularly the current physical 
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training program  which focuses on body weight exercise and long distance running (206, 213). 

The nature of injuries in this study is similar to previous research in a population of New Zealand 

recruits, consisting of mainly muscular and ligamentous injuries (261). However, recruits in the 

New Zealand academy were more likely to suffer shoulder injuries which may reflect a 

difference in training methodology, though the research by Sawyer et al. (261) did not d describe 

the New Zealand training program.  Differences in training methodologies may impact the injury 

profiles seen in law enforcement recruits. For example, a training program that includes more 

upper body strength training may see a higher rate of upper limb injuries compared to a program 

focused on long distance running. Future research should provide descriptions of training 

methodology where appropriate to allow further comparisons.  

The high rate of upper limb injuries in New Zealand recruits is more closely related to the injury 

profile seen in law enforcement officers, as law enforcement officers commonly experience 

injuries to the upper limb (21). This discrepancy between upper and lower limb injuries may be 

due to law enforcement officers engaging with and subduing suspects rather than long distance 

runs (21). Although law enforcement officers are more likely to experience upper limb and back 

injuries (21), lower limb injuries can account for 13-30% of all injuries (262-264). These injuries 

were found to typically be sprains and strains, and most often occurred at the knee and ankle 

(264). As one of the best predictors of future injury is having suffered a previous injury, the high 

number of strains and sprains suffered by law enforcement recruits at this academy may influence 

future lower extremity injuries when working as officers. However, this would need to be 

confirmed with further prospective research studies. 

While differing from other research in law enforcement populations (261, 264), the injury profile 

presented in this current study is similar to previous findings in military recruits. Injuries in 

military recruits are more likely to occur at or below the knee and consist of overuse or stress 

syndromes, muscle strains, and ankle sprains (23). Though differences exist between military 

recruits and the population in the current study, both groups are usually drawn from the general 

population and focus on body weight exercises and long distance running for training (213, 265). 

Research by Trank et al. (30), conducted in a military recruit population, has suggested that large 

amounts of running distance (> 25 mi or 40.23 km) leads to an increased risk of injury, with 

further research by Knapik et al. (220) demonstrating an experimental training program resulted 
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in fewer miles run, improved performance, and decreased risk of injury. A training program that 

focuses on long distance running may be predisposing recruits of this population to a large 

amount of lower limb injuries through mechanisms such as program-induced cumulative 

overload (PICO), whereby the combination of physical training and occupational demands can 

lead to injury (56). Given the proportion of injuries occurring during physical training, future 

research into injury mitigation programs should examine the potential impacts of periodised 

physical training programs , ability-based training (where recruits training at level similar to their 

physical capacity) and upskilling of physical training instructors (through educational initiatives). 

The use of periodisation and education of academy staff may help to limit overtraining and 

contribute to a more gradual increase of physical loading in recruits. Future research is necessary 

to adequately explore, implement, and measure the effect of such intervention programs.  

Data from this study also depicted a trend of increased injuries over successive classes (i.e., time) 

within this agency with greater IR during the end of the reporting session than the beginning, and 

no overlap between the calculated confidence intervals. The reason behind this increase in 

injuries over time is unknown. One potential explanation is increased sensitivity to, and better 

reporting of, injuries by academy staff, allowing them to report injuries that may have otherwise 

been missed. However, anecdotal information provided by training staff suggests that reporting 

standards did not change during this time period. Another possibility may be a general decline in 

the average fitness and an increase in obesity in recruits attending the training. This supposition is 

in-line with trends seen in general populations (266). Lower fitness levels are associated with an 

increased risk of injuries (12, 259), with high body mass index also being a risk factor for injury 

in military recruits (267). Previous research has shown that physical fitness levels, particularly 

aerobic fitness, muscular strength, and muscular power, are also predictive factors in recruit 

graduation (17, 55). Academy physical training is a demanding process, consisting of two to four 

sessions per week (lasting approximately two hours each) and often entailing long distance 

formation running, body weight exercises, and circuit training. Given the physically demanding 

nature of academy training, general decline in public fitness levels may be having a negative 

effect on injury and graduation rate of law enforcement recruits. The academy in the present 

study does currently employ conditioning sessions prior to starting academy training, but these 

sessions are optional. Enforcing these sessions or supplying a physical training program for 
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prospective recruits to begin prior to starting the academy may be a viable way of improving 

fitness and decreasing the risk of injuries prior to starting the academy.  

While this study demonstrated a comprehensive injury profile of a US law enforcement agency, 

several limitations should be acknowledged. Firstly, studies that have employed a similar 

approach (such as using worker’s compensation data or similar reporting systems) have 

suggested the number of injuries may be underrepresented due to requiring a formal report (245, 

268). While both studies involved military populations, it is possible that a similar pattern exists 

with policing populations and this study may underrepresent injuries. As the injuries were taken 

from insurance claims through worker’s compensation, minor and less severe injuries may not 

have been reported, potentially leading to an underrepresentation of the incidence rates and 

influence the locations, natures and mechanisms of injuries sustained. Utilising self-report 

mechanisms may be a method to estimate injury rates more accurately, combating the 

underrepresentation mentioned above as well as other factors such as recruits not wanting to stop 

their duty due to injury. Secondly, the free-text narrative was often incomplete with breaks 

occurring in the middle of a sentence. This resulted in a lack of information, which may have 

affected both the nature and activity being performed at time of injury. Another limitation is the 

use of one author to conduct the screening process of injury records, as this may increase the 

likelihood of errors and inappropriate exclusions when compared to utilising multiple authors. 

Information regarding financial cost and time loss was also not reported in this current study. 

Future research is necessary in this population to understand the extent of these organisational 

costs. Lastly, the data reported here applies to one specific agency in the US and may not be 

representative of other law enforcement jurisdictions due to differing requirements and fitness 

levels. Though this allows for greater specificity in injury mitigation programs (such as 

periodisation, ability-based training, and upskilling of physical training instructors) for this 

agency, the findings of this study may not accurately reflect the injuries seen in other academies 

and should not be used in that regard.   
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Conclusion 

Law enforcement recruits from the US academy reported in this study suffered from a high rate 

of lower limb injuries, usually musculoskeletal in nature, and commonly caused by participation 

in physical training sessions. Further research in this population, and specific to each agency, 

should address potential strategies to minimise these injuries. Although similarities existed 

between the injury profiles of the recruits compared in this study, it is still necessary to continue 

to profile recruit injuries specific to each law enforcement agency to assist with the development 

of specific and targeted injury mitigation strategies.   

  



 
 

 
146 

 

  



 
 

 
147 

 

 Chapter IX 

Relationship Between Training Load and 

Injuries in Law Enforcement Recruits 
 

Preface 

The previous section (encompassing Chapters VI-VIII) assessed training load (TL), fitness, and 

injuries separately to provide an understanding of each individual variable. This section 

(encompassing Chapters IX and X) will aim to understand how TL relates to injury risk and 

fitness adaptations, with this chapter specifically assessing the relationship between TL and 

injuries. The research in Chapter VI identified large changes in total distance covered, 

particularly during the initial stages of the academy, and led to the supposition that these large 

changes may be contributing to the injury risk of recruits. As discussed in Chapter VIII more 

injuries occurred during Weeks 2 to 5 and tended to be lower limb injuries that were 

musculoskeletal in nature. As such, there is a potential connection between the distance covered 

by the recruits (TL) and the injuries they are sustaining. This connection is explored in depth 

throughout this chapter.  

Of note, it was originally planned at the beginning of this project to study how the Acute:Chronic 

Workload Ratio (ACWR) may impact injury risk. However, due to the recent research on this 

concept (Chapter V), it was decided that this analysis would not be undertaken given major 

limitations whereby it would be impossible to tell if any relationships between ACWRs and 

injury risk were due to statistical artifacts or true relationships. Additionally, Chapter VIII 

highlighted that most injuries occur between Week 2 and Week 5 in this recruit population 

studies. The ACWR is not able to be utilised until Week 5 thus only providing information after 

the critical period of training where most injuries occur. Though the exponentially weighted 

moving average (EWMA) ACWR does allow for earlier calculations it is still limited by the 
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aforementioned constraints and requires further development. The research conducted in this 

chapter therefore focused on distance as a measure of TL. One major benefit of this approach is 

its pragmatic nature, making it easier for academy staff to realistically apply the findings. 

  

This chapter will inform a paper to be submitted to Journal of Occupational Health   
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Introduction 

The tracking and optimisation of training load (TL) has recently grown in popularity in the 

sporting world and is used as a strategy to decrease injury risk while improving fitness and 

performance (29). This method encompasses a wide variety of tools to measure TL (29). These 

methods of measuring TL can be organised into external and internal loads. External load (EL) is 

defined as “any external stimulus applied to the athlete that is measured independently of their 

internal characteristics” (29). Measures of EL include variables such as distance run, volume of 

weight lifted, or number of accelerations and can be measured by devices such as GPS units (29, 

31). Internal load (IL) is any load that is “measurable by assessing internal response factors 

within the biological system, which may be physiological, psychological, or other” (29). 

Variables of internal load include heart rate or Ratings of Perceived Exertion (RPE) (29, 31). 

These variables can be measured using a variety of methods, such as a total value across one or 

multiple weeks or the change in values between weeks (31). 

Rapid changes in IL and EL variables can be indicative of future injury risk or performance 

change. For example, research by Piggott (43) demonstrated that 40% of injuries in Australian 

Football League (AFL) players followed from a change in TL compared to the previous week, 

while high running distances occurring over three weeks (73721 – 86662 meters) increased injury 

risk in the same population (69). TL has also been associated with performance changes. A study 

of rugby league players found that high IL (as measured by session Rating of Perceived Exertion) 

was significantly related to decreases in agility performance (39). Though this practice is 

commonly used in sports, programs that optimise TL to mitigate injury may be of benefit in other 

populations. Tactical populations are one such group that may see benefit from more optimal load 

prescription.  

Tactical agencies, particularly military and law enforcement, employ periods of training called 

academies which combine classroom lectures, physical training sessions, and occupational skill 

development (14, 17, 180). Recruits who participate in academy training are often drawn from 

the general population, and academy life can represent a significant increase in both physical and 

mental stress (23, 239). This rapid increase in stress is one of the major contributing factors to 

musculoskeletal injuries suffered by recruits (23, 239). These injuries have multiple second order 
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effects, such as financial and personnel costs for organisations. Injuries to recruits can result in 

separations or having to leave the academy (55). In addition, injured recruits bear treatment and 

lost training time costs as well as costs associated with longer term care (269). Given average 

costs to train a law enforcement recruit, for example, ranges from 85,000 AUD (64,000 USD) 

(270) to $135,993 AUD ($100,000 USD) (271), injuries leading to separations can result in 

significant financial cost. Additionally, one the biggest predictors of injury risk is having 

previously sustained an injury (188, 238). Therefore, reducing injuries during academy training 

may ensure healthier (and potentially longer) careers for tactical personnel.   

Research in military training has shown that training injuries are often overuse in nature, and may 

be the result of training errors (e.g., excessive workloads) (23). Additionally, military recruits 

who complete high running distances (> 25 miles (40.2 km)), an EL variable, have been 

identified to be at an increased risk of injury with no further improvement in fitness (30). While 

law enforcement and military encompass differing occupational tasks, law enforcement 

academies typically employ a similar physical training style, often noted as paramilitary training 

(177). These training programs typically include body weight circuit training, and long distance 

runs (206, 213), and are often considered to be a contributing factor to injuries in law 

enforcement recruits (177). Crucially, it is still vital for these professions to engage in physical 

activity to improve physical fitness as various components of fitness have been found to 

significantly relate to occupational task performance (10, 11, 191). 

Due to the impacts that injuries have on law enforcement, at both the individual and 

organisational level, it is vital that TL-related contributors to injuries are identified. Identifying 

these contributors can help inform specific and effective injury mitigation strategies. Though 

previous research in sports has explored the potential relationship between TL and injury risk, 

little research in this area has been performed within the tactical environment. Therefore, the aim 

of this paper was toexamine the relationship between injury risk and TL in a tactical population 

undergoing academy training to help inform injury reduction programs.  
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Methods 

Participants 

Data were drawn from the retrospective data informing the research reported in Chapter VI. This 

retrospective data consisted of a total of 547 participants (431 male; 116 female). It should be 

noted that demographic data (e.g., height, weight, and age) was only provided for five of the 

seven included classes. Research within tactical populations often lacks demographic data such as 

age, weight, or height due to security concerns (12, 107). Therefore, the following shows the 

demographic data for a subsample of the studied populations: Male n = 349, age = 27 ± 6 yrs, 

height = 176.1 ± 11.4 cm, weight = 82.6 ± 13.1 kg; Female n = 81, age = 27 ± 5 yrs, height = 

164.4 ± 7.0 cm, weight = 65.8 ± 12.8 kg. 

Procedures 

TL outcome measures 

A desktop analysis was conducted on seven law enforcement recruit classes. A desktop analysis 

consists of examining the documented schedule of a recruit class (classes, physical training 

sessions, and occupational drills among others) to estimate distance covered and time spent 

completing various activities. The desktop analysis of distance covered was previously validated 

through the use Polar Team Pro Sensors (Polar Electro Inc. Bethpage, New York, United States) 

implemented over the course of four weeks (see Chapter VI). Male 2:350, 351:431.  

Estimations for the desktop analysis were based on a cohort, not an individual level, with outliers 

who did not participate in specific activities (e.g, due to injury) ignored for the duration of that 

activity only. As a desktop analysis constitutes an overall workload and not an individualised 

workload, this was done to estimate the workload of the average recruit. In situations where the 

class split into multiple groups, one group was followed and analysed. This procedure may affect 

timings of load experience by recruits, but over time the overall load experienced would be 

similar. This protocol has been used in previous research investigating the workloads of military 

personnel undergoing training (194). The analysis provided weekly total distance, weekly change 

in distance, and cumulative distance (the summation of all previous distances covered).  



 
 

 
152 

 

Time spent physical training or completing various activities was calculated by the lead author 

based on a desktop analysis and reports provided by academy staff. These activities were then 

assigned one of the following categories: aerobic, anaerobic, muscular conditioning, multi-modal, 

class, and skills training.  Definitions for these terms were taken in part from the NSCA’s 

Essentials of Strength and Conditioning (38). For further information regarding these 

classifications, please refer to Chapter VI. 

Additionally, physical tests such as the PT500 and Work Sample Test Battery (WSTB) were 

utilised as variables. For full descriptions of the tests please refer to Chapter VII.  

Injury outcome measures  
Injury data was provided from the agency’s worker’s compensation database and limited to the 

included classes. Data provided, inclusion and exclusion criteria, as well as classification process 

have been outlined in Chapter VIII. Though some conceptual models recommend incorporating 

injuries that have a physiological rationale with variables being studied (e.g., distance run and 

stress fractures) (114, 165), all injuries were included to increase sample size as well as to 

account for possible effects fatigue may have in injuries (272).  

Statistical Analysis 

Descriptive statistics are reported as frequencies and percentages for categorical variables and 

mean ± SD for normally distributed continuous variables. Normality checks were completed (i.e., 

distribution plots, skewness, kurtosis, and outliers) before analysis to determine the 

appropriateness of parametric or non-parametric analyses.  

A generalised linear mixed model (GLMM) with maximum likelihood estimation, based on an 

adaptive Gauss-Hermite approximation, was utilised to explore the relationship between distance, 

weekly change in distance, cumulative distance, time spent physical training and associated 

categories as well as fitness measures (e.g., PT500, WSTB and their respective components), and 

the binomial outcome, injury. This was completed using a logit transformed model with a 

binomial distribution and weeks of training as a repeated measure. Due to the nature of the data 

collection, utilising a desktop analysis, each recruit within in a class was assumed to have 

experienced the same training. Given variations in training staff and programs, individual training 

classes were treated as a random effect. All variables mentioned in the procedures section were 
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explored for potential relationships with injury risk. Grand mean centring (the process of 

transforming a variable into deviations around a fixed point) was utilised for the variables 

cumulative distance, PT500, and WSTB scores in an attempt to avoid multicollinearity and 

improve convergence. If a recruit separated, or left the academy, all further measures past the 

week of separation, were marked as zero. This was performed to continue to account for recruits 

that were intended to undergo, but failed to complete, the training. 

To choose the best fitting model, a stepwise approach was utilised, wherein each variable was 

individually modelled as a potential predictor of injury. Comparisons between the models’ 

Akaike information criterion (AIC) and Bayesian information criterion (BIC) scores were then 

conducted, with the lowest score suggesting the best fit. The best fitting model was carried 

forward and the remaining variables added individually as a predictor. This process was repeated 

(the addition of a predictor resulting in the lowest AIC and BIC scores) until further additions of 

a predictor did not significantly (with AIC and BIC as a cross reference) improve model fit. This 

procedure was repeated until the addition of any further variable did not significantly improve 

model fit. The GLMM was chosen with assistance from a faculty statistician due to the repeated 

measures nature of the study, and the binomial outcome. All statistical analyses were conducted 

using R statistical software (199) (version 1.25.042) with packages tidyverse (273), pander (274), 

furniture (275), texreg (276), psych (277), lme4 (278), gee (279), effects (280), performance 

(281), interactions (282), lattice (283), patchwork (284), and devtools (285). Due to the 

complexity in analysing residuals of a GLMM (286), model diagnostics were performed using 

the DHARMa package (287) (http://florianhartig.github.io/DHARMa/) to more effectively 

examine residuals. 

Results 

Data from 547 participants, of which 431 (78.79%) were male and 116 (21.21%) were female, 

who participated in training during the research timeframe were available. A total of 76 injuries 

occurred across the seven classes, with injuries occurring most often during the beginning of the 

program (Week 2 to Week 4) and a second spike occurring around Week 13 (Figure 18). Of these 

injuries, 23 (30.26%) occurred in female recruits, and 53 (69.74%) occurred in male recruits. This 

represents approximately 19% of female recruits and 12% of male recruits suffering an injury. 
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Figure 19. Number of injuries that occurred per week of academy training 

 

 

Figure 19 shows the average distance covered per week across the seven classes. Recruits 

covered approximately 15 to 23 km per week, except for four weeks (Weeks 1, 18, 21, and 22). 

The highest distances cover per week exceeded 30 km (Weeks 15, 17, and 20) for some classes. 

There was a large, 10 km increase in the distance covered on Week 2 compared to Week 1.  
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Figure 20. Average distance covered per week of academy training 

 
Key: Error bars show the highest distance covered for that week 

Comparisons of the GLMM models, found the best fitting model to utilise weekly distance, week 

of training, and sex to predict injury (χ2= 38.26, p-value < 0.001). Appendix 7.0 details the 

individual models made prior to the final, presented model.  Referent values for these variables 

were as follows: distance – 0 km, week – Week 1, sex – male. Results of the model suggest that 

for every 0.08 km (80 m) covered, the odds of sustaining an injury are increased by a factor of 

1.08 (95%CI 1.04, 1.12). As the academy progresses, injury risk decreases per week (OR = 0.94, 

95% CI 0.91, 0.98). Lastly, sex is another significant factor, with males less likely to sustain a 

musculoskeletal injury (OR = 0.55, 95% CI 0.34, 0.91). These increased odds of injury are only 

true when assuming the other predictors are at their referent value. The fixed effects estimate, z-

value, odds ratio with 95% CI and statistical significance of each predictor can be seen in Table 

20. The addition of further variables either did not significantly improve model fit or suffered 

from issues of convergence or overfitting. Diagnostic checks were carried out on the final model 

and no issues were detected (Appendix 8.0). 
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Table 21. Results of the described GLMM analysis and proposed injury odds in recruits during academy training 

Predictor Estimate z-value p-value OR (95% CI) 

Intercept -5.52 -11.40 < 0.001 0.00 (0.00, 0.01) 

Distance (km) 0.08 4.35 < 0.001 1.08 (1.04, 1.12) 

Week -0.06 -2.84 0.005 0.94 (0.91, 0.98) 

Sex (male) -0.59 -2.34 0.019 0.55 (0.34, 0.91) 

 

The results of this model suggest that higher distances covered per week resulted in an increased 

probability of injury (Figure 20). As this graph was not linear, it suggested that injury risk was 

compounded by further increases in distance.  

Figure 21. Predicted probability of injury by distance  

 
  

The model also suggests that as the academy progresses, the probability of injury decreases. 

Higher distances occurring in earlier weeks are more likely to result in recruit injuries, with 

distances of approximately 30 km resulting in higher probabilities of injury. This probability 

continues to decrease as the academy training progresses (Figure 21).  
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Figure 22. Predicted probability of injury by week 

 
 

 

Lastly, when analysing the impact of sex on injuries, female recruits were more likely to suffer 

injuries than their male counterparts, with female recruits almost twice as likely to suffer an 

injury as male recruits when compared across similar distances and weeks (Figure 22).  

Figure 23. Predicted probability of injury by sex 
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Discussion 

The aim of this chapter was to investigate the impact of TL on injury risk in tactical populations, 

specifically law enforcement recruits. The results of this study found distance covered per week, 

week of training, and male sex were significant predictors of injury. Higher distances covered per 

week, and earlier weeks of training both increased risk injury risk, while males were significantly 

less likely to be injured (noting that these relationships are dependent on the other variables 

staying at their referent values).  

The results from this study indicate that decreasing the distance covered may be a method to 

decrease TL and therefore reduce injury risk. This follows research in other populations, such as 

runners and military recruits, that show an increasing injury incidence with higher running 

distances (30, 288-290). Research by Trank et al. (30) found that recruits who completed over 25 

miles (40.2 km) running over an eight-week period had a significantly higher injury rate than 

recruits who ran fewer than 25 miles (40.2 km). Further, research in AFL players suggested 

three-week running distances between 73.72 to 86.66 km were associated with an increased risk 

of injury (69). Recruits in the law enforcement population informing this research covered up to 

30 km per week, a similar distance to the aforementioned AFL players when averaged over a 

three-week period. However, a potential difference between these TL relates to the differences in 

the intensity at which the distances were covered. In AFL players, distances were covered mainly 

by running, potentially at higher speeds, with previous research identifying players ran between 

6.8 and 7.5 km/hour on average during games (291). However, though law enforcement recruits 

may be working at a lower intensity they are also likely to have lower levels of fitness. For 

example, elite AFL players have been found to average VO2Max around 60 ml/kg/min (292), 

compared recruits in this population have an average VO2Max of 40.1 ml/kg/min (175). Thus, 

while running speeds may have been slower in the law enforcement population, their relative 

intensity may still be high. Furthermore, previous research has shown that lower levels of aerobic 

fitness are associated with higher rates of injuries in both AFL (293) and tactical populations 

(15). It has also been proposed that lower aerobic fitness may negatively impact the ability of 

AFL players to tolerate changes in TL and therefore present with an increased risk of injury (33). 
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Thus, the lower overall fitness of law enforcement recruits may limit the amount of TL that can 

be tolerated prior to injury.   

 Previous research has studied the failure rate of tissues based on the number of loading cycles 

and found that a reduction of training stress by as little as 10% can decrease the number of 

loading cycles to induce failure by 100% (294). However, the higher distances covered may be 

leading to higher injury risk due to increased exposure, which has previously been shown to be a 

determinant of injury (53). While decreasing total distance covered may be valid strategy to 

minimise injury risk by limiting exposure, it is vital that recruits are sufficiently exposed to 

physical training in order to improve their physical fitness which is crucial to the occupational 

tasks seen in law enforcement (10, 11, 191). Alternate physical training strategies that improve 

physical fitness, while controlling for distance covered, warrant consideration, such as HIIT.   

As the law enforcement population informing this study often engages in long distance running 

as a means of training (206) the use of alternative strategies to reduce distance covered may 

benefit injury risk, while still being sufficient to improve physical fitness. Studies have shown 

that interval training may reduce injury risk in military recruits, though the true effect of interval 

training is unknown due to presence of other injury mitigation strategies in these studies (295, 

296). However, though interval training may reduce the number of loading cycles, the increase in 

intensity and ground reaction force may impact risk of injury (53). The use of cross training is 

another method that has been proposed to limit injuries due to its ability to reduce repetitive 

stress on specific body parts (297), though research will be needed to examine its impact on 

injury in this population.  

Utilising strength training may be another method to reduce distance covered, potentially 

reducing injury risk, while still improving fitness in recruits. Though this form of training will be 

more likely to improve aspects of muscular strength and power, these factors are still vital the 

performance of occupational tasks (10, 11) and have been related to injury risk in previous 

studies (12). Applying a varied physical training program could lead to a more well-rounded 

fitness profile, and more importantly for the purposes of this study, reduce total distance which 

was a predictor of injury risk.  
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Week of training was also a predictor of injury, with a higher probability of injuries occurring 

earlier in the academy. Higher risk of injury earlier in the program may be due to an increase in 

TL and stress as recruits transition from civilian life. Research on college students (mean age of 

22.6 years) found that they could cover distances ranging from 1.89 to 3.16 km covered per day, 

or approximately 9.45 to 15.80 km across five days (the same length of the typical work week for 

recruits) (209). Recruits in this population can be expected cover on average 20 km a week 

during the beginning stages of the academy. This transition and increase in TL has previously 

been theorised to contribute to the higher levels of injuries experienced in recruit populations 

(23). The use of strategies such as ability-based training (ABT) and population-specific 

periodisation may ease this transition, resulting in a more optimal TL. Law enforcement 

academies tend to engage in a “one size fits no one” training approach. This approach imposes a 

standardised TL across a population with varying levels of fitness and potentially overloads unfit 

recruits and underloads fitter recruits (177). The implementation of ABT, where recruits are 

trained at a more appropriate level given their ability, may reduce the TL for recruits at a higher 

risk of injury while ensuring fitter recruits receive sufficient stimulus to improve fitness (177). 

Likewise, a population-specific periodised approach, that is specific to the demands of the 

occupation, whereby TL is gradually increased in conjunction with periods of recovery may 

enable a graduated increase in TL. This concept can be seen in a study by Ross and Allsopp 

(298), which advocates for periods of strategic rest (termed “orthopaedic holidays”) that allow for 

sufficient recovery while not interfering with physical training. Though few weeks had distances 

covered greater than 30 km, it is possible that similar fitness improvements can be made while 

covering distances between the 16 and 24 km ranges, thus mitigating injuries related to 

overtraining. Future research will be necessary to study the impact of implementing cross 

training, ABT, and strength training on the distance covered, and more crucially, the injury risk 

and fitness improvements. Alternatively, physical training programs or sessions can be provided 

for recruits prior to their commencement of training to ease the transition into the academy.  

Lastly, sex was also a significant predictor of injury with female recruits more likely to suffer 

injuries. Previous research in tactical populations, especially during periods of training, have also 

found that injuries are significantly higher in females (251-255). However, research in this area 

shows that this significant difference between male and female recruits is reduced when 
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accounting for recruit fitness (252-255). As the injury disparity between sexes is reduced when 

accounting for fitness,, the authors suggest that a recruit’s fitness level may be a more important 

predictor in a recruit’s injury risk than sex (252-255). This supposition is supported by research 

showing that female recruits, on average, are less fit than male recruits (175, 299), and that 

fitness has previously been tied to injury risk across a variety of tactical populations (15, 188). 

Despite these findings, this study was not able to adequately assess fitness (as measured by the 

PT500, WSTB, and associated assessments) as an injury predictor. This was due to the test 

models suffering from problems such as overfitting and convergence. These issues were not 

solved even with solutions such as grand mean centring. It is unknown exactly why these models 

suffered from overfitting and convergence issues, but could be because only initial values were 

used, meaning that each week had the same fitness scores (though variations did exist between 

individual recruits). Future research will need to note these potential issues and conduct statistical 

analysis that may negate these concerns.  

Limitations are present in this study. Firstly, the lack of variation in the desktop analysis limits 

the conclusions of this model. This applies specifically to the variable of distance (as sex varied 

between individuals and week is fixed for all participants) but also other variables (e.g., weekly 

change in distance, hours of physical training) that were deemed to not improve the model. More 

individualised data may also strengthen the relationships to injuries. The only individualised 

variable in this model was sex and if other individualised variables (e.g., age or weight) were 

added to this model, it is unknown if sex would still be a predictive factor. The lack of an IL 

measure is another limitation. The use of IL is important as different individuals may respond 

differently to the same training stimulus and is an adequate measure of intensity. Measuring 

internal TL and assessing its relationship to injury risk will be a vital future avenue of research, 

especially when understanding the impact of physical training strategies such as interval training 

or strength training that will reduce the distance covered but may result in higher intensities. 

Future research could compare the injury rates of utilising an interval training program versus a 

standard physical training program more effectively if it considered not only external loads (e.g., 

distances covered) but also internal loads (e.g., Rating of Perceived exertion or heart rate). 

Additionally, though the week of training of was found to be a significant predictor of injury, this 

may be due, in part, to the healthy worker effect (300), whereby injury risk may decrease as the 
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academy progresses due to recruits that are likely to be injured suffering injuries and separating 

from the academy in the beginning. 

Despite the potential for the lack of individualised data measuring external and internal training 

load being perceived as a limitation to this study, it is unlikely that law enforcement academies 

will have the resources to individually monitor recruits throughout the academy. For example, the 

average number of recruits per class, based on 547 recruits across seven classes, is 78, with 

multiple classes running concurrently across various locations. Supplying each recruit with a GPS 

and heart rate monitor device may prove to be too costly for the average law enforcement 

academy, combined with the human resource cost of needing to collect, analyse, and implement 

plans based of this data. Academy staff are experts in the field of law enforcement but may have 

little experience or knowledge in the specialised field of data and sports science. Additionally, 

law enforcement academies rarely employ dedicated strength and conditioning or sports science 

professionals due to the added financial costs. Thus, noting the limitations, this research utilised a 

pragmatic approach that the average law enforcement organisation could implement (i.e., a 

desktop analysis with distances as the variable). While future research may continue to explore 

the concept of individualised load monitoring, realistic and pragmatic strategies for these 

populations will be vital until individualisation is possible within the given academy constraints.  

Conclusion 

Large distances covered, earlier weeks of training, and female sex were significantly associated 

with injury risk of recruits undergoing training in this study, with large distances covered early in 

training associated with a higher likelihood of injury. Specifically, distances over 30 km during 

the first half of the academy program may needlessly increase injury risk. Rapid increase in TL 

(distance) during the transition from civilian to law enforcement recruit and lower fitness levels 

(resilience to training load) may be likely causes. The use of occupation specific periodisation 

and ability-based training are two strategies that may lead to a more optimal TL, thus limiting 

overtraining in recruits while sufficiently developing fitness. Future research will need to assess 

IL variables as these may also have a link to injury risk.  
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 Chapter X 

Law Enforcement Recruit Fitness 

Changes across the Fitness Spectrum 
 

Preface 

Results in Chapter VI show a training program focused on muscular endurance and aerobic 

fitness, often focusing on long distance running. However, while overall recruits were able to 

significantly improve their physical fitness, how these changes in fitness development may differ 

between recruits of varying fitness levels is yet to be determined. For example, individuals with 

higher levels of physical fitness should be able to tolerate increased training loads (compared to 

those with less training history) with these higher training loads likely a necessity to ensure an 

adequate stimulus to develop physical fitness. As this population currently employs a “one size 

fits no one” training approach (e.g., group running in formation at a given pace) it may be that 

individuals across the fitness spectrum are training at a workload that may be either too low 

(recruits with higher levels of physical fitness) or too high (for recruits with little to no physical 

training history). 

In addition to identifying the fitness changes at a more individual level, understanding which 

elements of fitness (e.g., strength, endurance, power, etc.) are being influenced is of necessity. 

The research study described in the previous chapter noted the relationship between TL and 

injury risk, with a finding of an increased risk of injury amongst recruits with higher distances 

covered, specifically distances greater than 30 km. It may not be practical to drastically limit the 

distance recruits cover on a daily basis, as this may negatively impact improvements in physical 

fitness. Results from the study reported in Chapter VI highlight how the training program from 

the law enforcement academy informing this program of work, focused on muscular endurance 

and aerobic fitness, and typically consisted of long distance running. It is therefore not surprising 
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that while recruits were able to significantly improve their physical fitness, these changes were 

greater in measures of muscular endurance and aerobic fitness (Chapter VII).  

As such, the research reported in this chapter examined both changes in recruit fitness based on 

their initial baseline fitness (group by quintiles), and changes in fitness across various fitness 

components (e.g., endurance, strength, power etc.) to determine the impacts of this generic 

program across fitness components. It was hypothesised that recruits with lower baseline fitness 

(lower quintiles) would see larger improvements in fitness over the course of the academy than 

fitter recruits (higher quintiles) and changes in aerobic and muscular endurance will be greater 

than the changes in measures on aerobic conditioning across all quintiles. 

This chapter is to be split into two papers for submission to Journal of Strength and Conditioning 

Research and Journal of Science in Sports and Exercise  
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Introduction 

Law enforcement is a profession that combines long periods of sedentary behaviour with spurts 

of sudden and highly demanding physical activity (1). For example, an officer may transition 

from sitting in a patrol car to a maximal effort sprint to chase and apprehend a suspect (1). In 

addition, officers must perform these activities while carrying up to 10 kg of additional 

occupational load (2). This additional load has a multitude of negative impacts such as decreasing 

occupational performance and increasing metabolic output and injury risk in officers performing 

their tasks (2, 222, 223). To mitigate these negative effects, it is imperative that officers are able 

to maintain sufficiently high levels of fitness (301). To prepare new recruits for this demanding 

occupation, law enforcement agencies employ periods of training known as academies to develop 

the necessary physical and mental skills (107, 191, 224).  

Law enforcement recruits are usually employed from the general population and will have 

varying levels of fitness and physical capabilities (14, 55). In addition to teaching individuals the 

necessary skills and knowledge to become an effective officer, academies employ physical 

training sessions to physically prepare recruits for the periods of high intensity activity seen in 

law enforcement (175, 224). Not only do higher levels of physical fitness allow for effective 

completion of occupational tasks (2, 11), higher fitness levels can also promote improvements in 

long-term physical (192) and psychological (63) health. Furthermore, better fitness could also 

decrease injury risk (103). Due to these numerous beneficial impacts of fitness, it is vital for 

physical fitness to be developed during the academy period, and ideally maintained throughout an 

officer’s career. Unfortunately, the nature of law enforcement (e.g. shift work and long working 

hours) (212), makes the maintenance of physical fitness difficult. This is reflected in the 

decreasing physical fitness levels that can be seen as officers progress through their career (1). 

Training academies present an opportunity to develop fitness to a high enough level that even in 

the face of occupational decline, law enforcement officers will still be sufficiently fit to perform 

their job.  

Previous research in law enforcement academies has found that recruits are able to significantly 

improve their physical fitness, such as aerobic fitness, muscular strength, and muscular 

endurance, by graduation (175, 224). However, academies often employ a generic, “one size fits 
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no one”, training approach whereby all recruits are required to complete the same exercises with 

given loads and at given speeds and distances (107). As such, exercises being performed typically 

do not consider the initial fitness levels of the recruits. This all-encompassing approach is 

potentially problematic as recruits typically enter the academy with varying levels of physical 

fitness (14, 55). Accordingly, adopting a “one size fits no one” training approach may be too 

demanding for those with lower fitness levels, while simultaneously not challenging enough for 

those with a higher baseline. This discrepancy can potentially lead to overtraining and increased 

risk of injury for less fit individuals, while not being a sufficient enough stimulus to develop 

fitness for those with higher fitness levels (302). Additionally, academies often focus on aerobic 

fitness and muscle endurance training as these activities can be readily applied to train a large 

volume of recruits simultaneously and with little equipment (175). This training approach occurs 

despite the occupational tasks commonly encountered in law enforcement including tasks 

requiring muscular strength, power, and anaerobic fitness (10, 11). As such, it is vital that these 

fitness components are sufficiently developed to adequately prepare recruits for the occupational 

demands of policing.  

Given that physical fitness is a vital component to success and long-term health of law 

enforcement officers (2, 11, 192), the physical training delivery is often a generic, “one size fits  

no one” approach (107), and that physical training (often focusing on aerobic and muscular 

endurance) is a core component of academy training (175), the aims of this article were twofold. 

The first aim was to profile changes in recruit fitness based on their baseline fitness levels, 

grouped by quintiles, following academy use of a generic physical training program. The second 

aim was to compare changes in fitness across various fitness components (e.g., endurance, 

strength, power, etc.) to determine the impacts of this generic program across fitness components. 

It was hypothesised that recruits with lower baseline fitness (lower quintiles) would see larger 

improvements in fitness over the course of the academy than fitter recruits (higher quintiles) and, 

following the results of Chapter VII, changes in aerobic and muscular endurance will be greater 

than the changes in measures on anaerobic conditioning regardless of initial fitness level.  

Methods 

Subjects  
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Data were retrospectively collected from 10 academy recruit classes, totalling 715 participants 

from a law enforcement agency. Of these 715 participants, 604 were male (age = 26.70 ± 5.22 

yrs, height = 175.98 ± 7.37 cm, body mass = 83.16 ± 12.29 kg), 110 were female (age = 26.69 ± 

4.64 yrs, height = 162.63 ± 6.56 cm, body mass = 65.32 ± 12.08 kg), with one participant not 

disclosing their sex. Ethical approval was sought and granted by Bond University Human 

Research Ethics Committee and California State University, Fullerton Institutional Review Board 

under HSR-17-0037. 

Procedures 

Initial and final testing dates were approximately 20 weeks apart. The medicine ball toss, 75- 

yard pursuit run, and 20m multi-stage fitness test were typically conducted the week prior to the 

academy. The initial PT500 was conducted during the first week of the academy while the WSTB 

was conducted at various points during the beginning of the academy. The assessments are 

described in detail below. Though some assessments have a maximum amount to be completed, 

if the number of repetitions recorded exceeded the maximum, the raw number was kept to reflect 

the recruit’s ability. Assessments were performed in standard physical training attire (shorts, t-

shirt, and running shoes) and overseen by academy staff.  

Medicine Ball Toss (MBT) 

The MBT was conducted independent of the PT500 and WSTB. This is an assessment of upper 

body power and has previously been used in recruit populations (303, 304). Recruits sat on the 

ground, with head, shoulders, and lower back against a concrete wall. The recruits then tossed a 

2-kg medicine ball (Champion Barbell, Texas, USA), lightly dusted with chalk, as far as possible 

using a two-handed chest pass. A standard tape measure was used to measure the perpendicular 

distance from the wall to the closest chalk mark made by the ball landing. Two trials were 

completed with a recovery time ranging from 30-60 s. Results were recorded to the nearest 0.01 

m with the furthest of the two trials being recorded. 

75-Yard Pursuit Run (75PR) 

The 75PR (68.58 m) was also performed to measure agility and occupational performance and 

has previously been used as assessment with law enforcement recruits (303). This test consisted 
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of a recruit completing five linear sprints about a square grid with sides measures 12.10 m, while 

also completing four 45° direction changes across the grid. Recruits were also required to step 

over three barriers (2.44 m long and 0.15 m high) during three of the five sprints. Time was 

recorded using a handheld stopwatch (Professional Digital Stopwatch Timer, LuckyStone) that 

began on initiation of movement and ended with the recruit crossing the finish line, measured to 

the nearest 0.1 s (Figure 23). 

Figure 24. 75PR diagram 

 

 

20 m Multi-Stage Fitness Test (MSFT) 

A MSFT test was completed independent of the PT500 and WSTB. Standard procedures were 

adopted for the MSFT, with recruits required to run back and forth between two lines 20 m apart, 

to measure aerobic fitness (303, 305). This assessment has previously been used and validated in 

this population (305). Running speed was standardised by pre-recorded auditory cues played 
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from an iPad handheld device (Apple Inc., Cupertino, California) connected to a portable speaker 

(ION Block Rocker, Cumberland, Rhode Island) via Bluetooth. The speaker was located in the 

centre of the running area so each recruit could clearly hear the auditory cues but positioned in a 

way as not to interfere with the recruits running. The test was stopped when the recruit was 

unable to reach markers twice in a row during the allotted time as indicated by the auditory cues, 

or voluntarily stopped running. Scores were recorded according to the final stage the recruit was 

able to achieve, and then used to calculate the total number of completed shuttles. Relative 

VO2Max (ml/kg/min) was estimated for each recruit based on Ramsbottom et al. (228). 

PT500 

The PT500 is a composite score of six assessments: maximal push-ups, sit-ups, and mountain 

climbers completed in 120 s, maximal pull-ups, 201-m run, and 2.4-km run (191). The PT500 is 

an established standard of fitness assessment that has been used historically within this law 

enforcement agency (180, 191). Recruits completed the above assessments in typical physical 

training attire. The push-ups, sit-ups, and mountain climbers were completed on an outdoor, 

concrete surface with a partner, who ensured correct techniques and counted the number of 

repetitions. Pull-ups were completed on an outdoor pull-up bar. The 201-m and 2.4-km runs were 

completed on an athletic track at the agency’s training facility. Recruits completed the runs in 

groups of 10-15. Specific procedures for each of the assessments are detailed below, as well as 

the scoring system for each regarding the final PT500 score.  

Push-ups 

Upper-body muscular endurance was assessed via maximal push-up test where recruits 

completed as many repetitions as possible in 120 s. The technique used for this assessment has 

been used previously in law enforcement populations (16, 224, 244, 306-309). Recruits started in 

the standard “up” position, with the body straight, hands positioned shoulder-width apart, and 

fingers pointed forwards. A water bottle was placed under the recruit’s chest to determine the 

correct depth of the “bottom” position of the push-up. Upon starting the assessment, academy 

staff began timing the 120 s, and recruits flexed their elbows, lowering themselves until their 

chest touched the water bottle. Recruits then extended their elbows, returning to the start position. 
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This technique was completed as many times as possible in the 120 s. Recruits were award one 

point per push up completed, with a maximum score of 50.  

Sit-ups 

To test abdominal muscular endurance, the maximum number of sit-ups able to be completed in 

120 s was assessed. The technique used during this assessment has been previously used in law 

enforcement populations (16, 224, 244, 306-309). Recruits laid on their backs, with knees flexed 

to 90°, feet flat on the ground, and hands cupped behind their ears. Each recruit had a partner 

holding their feet to the ground during the test. Upon starting the assessment, training staff began 

timing. Recruits raised their shoulders from the ground until their elbows touched their knees 

while keeping feet flat on the ground and hands cupped behind their ears. The recruits then 

lowered themselves down until their shoulder blades contacted the ground. This technique was 

performed as many times as possible in 120 s. For the first 50 repetitions, recruits were given one 

point per repetition, while for the last 25 repetitions recruits were given two points per repetition, 

resulting in a maximum score of 100.   

Mountain Climbers (MC) 

MC involves isometric work in the truck and upper limb musculature with dynamic movement 

occurring in the hip and knee joints and assesses muscular endurance. Previous research in law 

enforcement populations have conducted this assessment using a similar procedure (17, 180). 

Recruits started in the standard “up” position of a push-up and maintained this position with arms 

extended throughout the test. Maintaining a neutral spine, recruits alternated flexing the hip and 

knee for each leg, bringing the knee close to the chest and foot underneath the body with each 

repetition. Recruits began on the start command, with staff timing the 120 s. The first 40 

mountain climbers completed count as one point each, while the last 20 were given three points 

each, resulting in a maximum score of 100.   

Pull-ups 

The pull-up test provides a second measure of upper body endurance (310), and has been 

previously used as an assessment tool, with similar technique, in law enforcement recruits (180, 

191). The recruits’ start position involved hanging on the bar in a vertical position, hands 
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shoulder width apart, and using a pronated grip. While maintaining a vertical body alignment, 

recruits pulled themselves upwards until their chin cleared the bar. Recruits would then lower 

themselves until their arms were fully extended. This technique was continued until the recruit 

could no longer raise their chin over the bar. Each repetition counted as three points with a 

maximum score of 60 points. 

201-m Run 

The 201-m run provides a measure of anaerobic capacity (311) and has been previously utilised 

in law enforcement recruits with a similar technique (180, 191).  The 201-m distance was marked 

on a running track and timed by academy staff members with a handheld stopwatch (Professional 

Digital Stopwatch Timer, LuckyStone). Upon the start command, training staff started timing 

until the recruits passed distance marker. Run time was recorded for each recruit to the nearest 

0.1 s.  

2.4-km Run 

The 2.4-km run measures aerobic capacity (311) and has been commonly used as an assessment 

tool in law enforcement populations (224, 244, 307-309, 312, 313). For the 2.4-km run 

assessment, recruits were required to complete six laps around a 400 m athletics track at the 

academy training facility. Recruits were instructed to run this distance as quickly as possible. Run 

time was recorded for each recruit on a handheld stopwatch (Professional Digital Stopwatch 

Timer, LuckyStone) to the nearest 0.1 s.  

Work Sample Test Battery (WSTB) 

The WSTB is a California mandated group of tests each recruit must complete. Recruits must 

obtain a minimum score of 384 to graduate from the academy. Points are awarded relative to the 

completion time of each task (227). All tests were performed outdoors on structures specifically 

designed for the training facility. Recruits wore their standard physical training attire. The 

procedures are explained in detail by the Peace Officer Standards and Training (227), but have 

been described briefly below. This battery of tests has been analysed before in research on law 

enforcement recruits (191). 

99-yard Obstacle Course (99OC) 
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Simulating a foot pursuit, recruits were instructed to complete the 99-yard (90.53 m) course as 

quickly as possible while remaining on the concrete track. During this run, recruits must also 

clear three 0.15 x 0.15 m curbs, and one 0.86 m high obstacle (Figure 24). 

Figure 25. Diagrammatic representation of the 99OC 

 

 

Body Drag (BD) 

The body drag simulates the ability to safely move an injured individual to safety. Recruits are 

required to drag a 74.8 kg dummy for a distance of 9.75 m. Initially, recruits were required to 

pick up the dummy by wrapping their arms underneath the arms of the dummy and extending 

their hips and knees. Timing was initiated as soon as the recruit began dragging the dummy. 



 
 

 
173 

 

Recruits dragged the dummy by walking backwards over the complete 9.75 m at which point 

timing was stopped. Time was recorded to the nearest 0.1 s.  

Chain Link Fence Climb (CLF) 

Beginning 4.6 m away from the fence, recruits were required to run up to and scale the fence 

using whatever technique they choose, without using the side supports to assist their climb. 

Recruits were given two attempts to scale the fence. Once the fence was cleared, recruits were 

required run 22.9 m as quickly as possible to complete the test. Staff measured the time to 

complete the task using a handheld stopwatch (Professional Digital Stopwatch Timer, 

LuckyStone). Time was recorded to the nearest 0.1 s.  

Solid Wall Fence Climb (SW) 

As per the CLF, recruits ran 4.6 m before clearing the SW with any technique and then running 

22.9 m upon clearance. The only difference between the two tests (CLF and SW) were the type of 

fence that needed to be cleared with this test utilising a solid wall instead of a chain link fence. 

Time was recorded to the nearest 0.1 s using a handheld stopwatch (Professional Digital 

Stopwatch Timer, LuckyStone).  

500-yard Run (500R) 

500 yards (457.2 m) was marked on an athletics track by training staff. Recruits were instructed 

to run this distance as quickly as possible with training staff standing at the finish line timing 

each recruit to the nearest 0.1 s using a handheld stopwatch (Professional Digital Stopwatch 

Timer, LuckyStone). 

Training Program 

Variations exist between the training programs of various classes. This is due in part to different 

members of staff overseeing different classes, in addition to external factors such as weather. 

However, each class was required to complete 36 physical training sessions over the course of a 

22-week academy. Sessions varied over the course of the academy, but typically consisted of two 

to four sessions per week, with each session lasting approximately one to two hours (175). It 

should be noted that some weeks, often occurring at the end of the academy, did not have any 

physical training sessions. Sessions were overseen by staff instructors who had previously 
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undergone a mandated two-week physical training instructor course (175). These sessions tended 

to focus on measures of aerobic and muscular endurance, with an emphasis on long distance 

running and circuit training (175, 206, 213). An example of the circuit training can be seen in 

Appendix 5.0. Despite this focus, there were still periods of training that incorporated elements of 

anaerobic fitness, such as muscular strength and power. These sessions included exercises, such 

as squats, lunges, or rows, with external loads (i.e., ammunition cans or weight plates).  

Statistical Analysis 

Hard copy data were collected and transferred into a Microsoft Excel (version 16.0) spreadsheet, 

where it was organised and cleaned. Data were only kept if initial and final results were present. 

Recruits may not have an initial or final score due to factors such as injuries or separation 

whereby a recruit leaves the academy. Data were separated into quintiles based off initial PT500 

scores, resulting in the 715 participants described above. Only the PT500 was used for quintile 

grouping as this measure was consistently assessed during the first week of the academy and was 

therefore likely to be the most consistent initial measure of fitness. This separated data was 

exported into R Studio Statistical Software (version 1.2.5042 2020) for analysis. All statistical 

analysis was conducted using R Studio Statistical Software version 1.2.5042 (2020) with the 

following packages: ggplot2, pastecs, WRS2, car, multcomp, and compute.es.  

Data analysis consisted of a paired t-test comparison of initial and final results for each quintile 

within each fitness assessment. Significance was set at α < 0.05 a priori. Effect sizes (Cohen’s d) 

for between group comparisons were then calculated for each fitness test by dividing the 

difference between the means by the pooled SD (229). Interpretation of effect sizes was then 

performed based on Hopkins (230) which states that values less than 0.20 are considered a trivial 

effect; 0.20 to 0.60 a small effect; 0.60 to 1.20 a moderate effect; 1.20 to 2.00 a large effect, 2.00 

to 4.00 a very large effect, and greater than 4.00 an extremely large effect.  

A one-way ANOVA was performed to examine for significant differences between the change in 

fitness levels during the academy by percentile group: 0-20th, 21st-40th, 41st-60th, 61st-80th, 81st-

100th. These percentiles are named 20th, 40th, 60th, 80th, and 100th respectively throughout the rest 

of the chapter. Levene’s test was performed to assess for homogeneity of variance. If not 

significant, a one-way ANOVA was performed. If Levene’s test was significant, then a robust 
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version of the ANOVA was used. The robust ANOVA used involved trimmed means and 

bootstrapping as proposed by Wilcox (233) and has been described as able to tolerate deviations 

from homogeneity of variance (198). A post hoc analysis was then performed to identify the 

specific fitness changes that were significantly different. As post hoc analysis tend to perform 

poorly when sample sizes are not equal, a robust post hoc test was performed for all variables 

even if Levene’s test was non-significant (198). The robust post hoc test utilised involved 

trimmed means and bootstrapping as proposed by Wilcox (233), which has been suggested to be 

capable of controlling for Type 1 error rates in both confidence intervals and p-values (198).  

Lastly, while the ANOVA and post hoc analysis investigated the differences in pre and post 

measures, it did not provide information concerning the overall fitness of the least fit quintile 

(20th) at the end of the academy training period. Therefore, an independent samples t-test where 

the final results of the 20th percentile group (end of academy training) were compared to the 

initial results of the 100th percentile group (commencement of academy training) was conducted. 

These two groups were chosen to provide context to the change undergone by the least fit recruits 

by comparing them to the initial scores of those with the highest fitness.  

Results 

Demographic information for each quintile (20th, 40th, 60th, 80th, and 100th) can be found in Table 

21. 
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Table 22. Recruit demographics by fitness percentile 

Percentile Sex (n) Age (Mean±SD) Height (Mean±SD) Weight (Mean±SD) 

20th Female: 51 

Male: 93 

Undisclosed: 1 

27±5 years 

29±7 years 

162.2±6.3 cm 

176.8±7.3 cm 

65.7±8.1 kg  

87.8±13.8 kg 

40th Female: 32 

Male: 100 

26±4 years 

28±6 years 

163.1±6.1 cm 

176.6±8.6 cm 

63.8±7.9 kg 

84.9±11.8 kg 

60th Female: 18 

Male: 128 

27±6 years 

27±5 years 

162.4±7.1 cm 

175.3±7.2 cm 

67.8±23.2 kg 

83.0±14.0 kg 

80th Female: 5 

Male: 134 

25±3 years 

26±4 years 

162.1±7.2 cm 

175.7±6.7 cm 

60.9±12.4 kg 

81.7±9.9 kg 

100th Female: 4 

Male: 139 

26±3 years 

25±4 years 

166.9±11.7 cm 

175.8±7.2 cm 

67.6±13.1 kg 

80.3±11.0 kg 

Key: Percentile based off initial fitness scores as measured by PT500; SD: standard deviation 

Sample sizes varied across tests and percentiles and can be found in Table 22, along with the 

initial and mean scores of each assessment. It should be noted that the 75PR, MBT, MSFT and 

associated VO2Max, were not performed for all 10 classes thus resulting in a smaller sample size 

for these assessments. The WSTB tended to have a smaller sample size then the tests comprising 

it (e.g., CLF, SW, etc.) despite these tests being conducted at the same time. The reason for this is 

unknown, but could possibly be due to failure to complete all tests. Instead of calculating scores 

results were left as originally recorded to reduce any bias.  

Table 23. Mean, SD, and sample size of each fitness assessment separated by quintile 

Fitness Test Percentile Initial Scores (Mean±SD) Final Score (Mean±SD) Sample Size 

PT500 

(Points) 

20 

40 

60 

80 

100 

208.0±36.9 

284.9±16.7 

332.4±12.4 

382.9±15.5 

450.7±27.1 

340.5±63.4 

380.3±58.4 

414.2±47.3 

445.6±44.0 

478.0±40.4 

145 

142 

146 

139 

143 
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Fitness Test Percentile Initial Scores (Mean±SD) Final Score (Mean±SD) Sample Size 

Sit-ups 

(reps) 

20 

40 

60 

80 

100 

45.6±11.4 

50.9±11.1 

56.3±12.3 

61.1±11.9 

71.2±10.0 

57.8±11.7 

62.3±11.1 

65.8±10.5 

69.2±9.3 

73.7±9.1 

145 

142 

145 

139 

143 

MC 

(reps) 

20 

40 

60 

80 

100 

33.6±10.5 

45.9±11.6 

50.6±11.5 

55.5±8.2 

59.4±5.4 

55.3±9.2 

58.4±7.8 

59.0±6.7 

59.9±4.7 

61.1±7.3 

144 

141 

145 

139 

143 

Pull-ups 

(reps) 

20 

40 

60 

80 

100 

5.5±4.3 

7.7±5.0 

9.5±5.1 

11.3±4.9 

16.3±5.0 

10.5±9.6 

13.5±11.4 

14.3±6.5 

16.8±4.7 

19.4±3.6 

103 

125 

132 

132 

142 

Push-ups 

(reps) 

20 

40 

60 

80 

100 

35.9±11.1 

45.2±9.8 

48.6±9.1 

51.4±7.9 

54.4±11.9 

49.0±8.8 

52.4±8.3 

53.4±8.4 

54.2±10.2 

55.7±13.4 

145 

142 

145 

139 

142 

2.4-km run 

(s) 

20 

40 

60 

80 

100 

798.5±72.4 

747.5±74.8 

713.2±46.0 

674.5±51.0 

635.1±51.4 

715.6±54.0 

694.1±55.5 

660.5±71.4 

632.0±52.3 

602.6±60.0 

144 

141 

145 

138 

142 
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Fitness Test Percentile Initial Scores (Mean±SD) Final Score (Mean±SD) Sample Size 

201-m run 

(s) 

20 

40 

60 

80 

100 

39.3±5.2 

35.8±4.2 

34.2±2.9 

32.5±3.1 

30.5±3.3 

34.9±4.7 

32.4±3.3 

31.2±3.3 

30.4±3.4 

28.3±2.5 

145 

141 

144 

138 

141 

99OC 

(s) 

20 

40 

60 

80 

100 

21.8±17.4 

19.2±1.6 

18.7±1.9 

18.6±1.2 

18.4±3.7 

19.7±1.6 

18.9±1.5 

18.4±1.5 

18.4±1.4 

17.6±1.3 

118 

96 

96 

75 

68 

BD 

(s) 

20 

40 

60 

80 

100 

6.9±3.0 

6.1±1.9 

5.8±1.4 

5.3±1.0 

5.7±5.4 

5.7±1.9 

5.4±1.4 

5.1±1.2 

5.4±4.4 

4.6±0.8 

132 

101 

98 

75 

69 

CLF 

(s) 

20 

40 

60 

80 

100 

9.8±3.6 

8.5±2.3 

8.0±1.5 

7.4±1.2 

7.1±0.9 

8.6±1.5 

8.2±1.4 

7.8±1.0 

7.5±0.8 

7.1±0.7 

133 

100 

98 

76 

79 

SW 

(s) 

20 

40 

60 

80 

100 

10.6±5.6 

8.3±1.8 

8.1±1.6 

7.5±1.0 

7.1±0.8 

8.6±1.9 

7.9±1.7 

7.5±1.2 

7.4±1.0 

6.8±0.9 

113 

96 

96 

76 

69 
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Fitness Test Percentile Initial Scores (Mean±SD) Final Score (Mean±SD) Sample Size 

500R 

(s) 

20 

40 

60 

80 

100 

103.8±10.5 

95.2±8.4 

89.9±6.3 

85.5±6.7 

82.0±5.7 

96.6±8.0 

91.0±6.4 

87.3±5.6 

85.0±6.8 

80.8±5.4 

125 

98 

98 

75 

67 

WSTB 

(points) 

20 

40 

60 

80 

100 

434.2±113.7 

488.0±97.4 

528.6±42.2 

539.9±41.9 

565.1±30.5 

492.5±55.3 

519.8±53.3 

538.8±41.5 

548.0±37.8 

571.2±37.3 

95 

83 

86 

63 

54 

MSFT 

(shuttles) 

20 

40 

60 

80 

100 

38.4±9.9 

46.1±12.7 

46.2±11.9 

57.8±16.4 

60.2±16.8 

54.8±16.5 

67.6±18.2 

71.3±17.6 

78.7±18.8 

88.9±21.6 

100 

72 

62 

66 

65 

VO2Max 

(ml/kg/min) 

20 

40 

60 

80 

100 

31.0±3.5 

33.1±4.6 

32.9±4.3 

36.6±5.7 

38.0±5.7 

35.2±4.6 

39.2±5.2 

40.4±4.5 

42.4±5.6 

45.8±6.0 

100 

72 

62 

66 

65 

MBT 

(m) 

20 

40 

60 

80 

100 

5.6±1.4 

6.3±2.3 

6.0±1.7 

6.1±1.0 

6.3±1.1 

5.7±1.4 

6.6±1.8 

6.3±1.1 

6.5±0.9 

6.7±1.0 

104 

75 

67 

70 

70 
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Fitness Test Percentile Initial Scores (Mean±SD) Final Score (Mean±SD) Sample Size 

75PR 

(s) 

20 

40 

60 

80 

100 

17.6±1.2 

17.1±1.2 

16.9±1.6 

16.6±0.8 

16.3±0.8 

17.9±1.4 

17.2±1.2 

17.3±1.2 

17.2±1.3 

16.6±1.0 

103 

73 

66 

70 

69 

 

The results from the paired samples t-tests demonstrated only a few non-significant differences 

were found between initial and final measures.  Non-significant differences between initial and 

final fitness results were found in the 20th percentile 99OC; 40th percentile, MBT, and 75PR; 60th 

percentile 99OC, CLF; 80th percentile 99OC, BD, CLF, SW, 500R; and 100th percentile push-

ups, BD, CLF, SW, 500R, and WSTB.  The 80th and 100th percentiles had a higher number of 

non-significant differences in fitness results. Depending on the test similar effect sizes between 

percentiles are present, as can be seen with the 99OC, or decreasing effect size with higher 

percentiles, as seen in 2.4-km run. Confidence intervals and effect sizes are presented in Table 

23. 

Table 24. Changes in recruit fitness separated by initial percentile ranking 

Fitness Test Percentile 
Mean Difference 

(95% CI) 
p-value Test Statistic Cohen’s d Interpretation 

PT500 

(Points) 

20 

40 

60 

80 

100 

132.5 (122.1 -142.9) 

95.4 (85.4 - 105.3) 

81.8 (74.2 - 89.3) 

63.0 (55.6 - 70.5) 

27.2 (19.9 - 34.6) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

25.27 

18.95 

21.32 

16.74 

7.32 

2.49 

2.20 

2.22 

1.85 

0.79 

Very Large 

Very Large 

Very Large 

Large 

Moderate 

Sit-ups 

(reps) 

20 

40 

60 

80 

100 

12.3 (10.3 - 14.2) 

11.4 (9.7 - 13.0) 

9.5 (77 - 11.3) 

8.2 (6.2 - 10.1) 

2.5 (0.7 - 4.4) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

0.01 

12.33 

13.69 

10.23 

8.24 

2.68 

1.06 

1.02 

0.83 

0.76 

0.26 

Moderate 

Moderate 

Moderate 

Moderate 

Small 
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Fitness Test Percentile 
Mean Difference 

(95% CI) 
p-value Test Statistic Cohen’s d Interpretation 

MC 

(reps) 

20 

40 

60 

80 

100 

21.7 (19.6 - 23.76) 

12.4 (10.5 - 14.3) 

8.4 (6.6 -10.3) 

4.4 (2.8 – 6.0) 

1.7 (0.3 - 3.0) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

0.01 

21.29 

12.98 

8.97 

5.45 

2.47 

2.19 

1.23 

0.87 

0.66 

0.26 

Very Large 

Large 

Moderate 

Moderate 

Small 

Pull-ups 

(reps) 

20 

40 

60 

80 

100 

5.0 (3.3 - 6.8) 

5.8 (4.1 - 7.6) 

4.8 (3.8- 5.8) 

5.5 (4.7 - 6.3) 

3.1 (2.4 -3.9) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

5.58 

6.62 

9.58 

13.19 

7.97 

0.64 

0.59 

0.82 

1.15 

0.70 

Moderate 

Small 

Moderate 

Moderate 

Moderate 

Push-ups 

(reps) 

20 

40 

60 

80 

100 

13.0 (11.5 -14.6) 

7.2 (5.6 - 8.8) 

4.8 (3.1 - 6.5) 

2.8 (1.3 - 4.2) 

1.2 (-0.7 - 3.2) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

0.21 

16.55 

8.78 

5.57 

3.73 

1.26 

1.28 

0.79 

0.54 

0.30 

0.09 

Large 

Moderate 

Small 

Small 

Trivial 

2.4-km run 

(s) 

20 

40 

60 

80 

100 

-82.9 (-72.6 - -93.3) 

-53.4 (-41.2 - -65.6) 

-52.7 (-41.6 - -63.9) 

-42.6 (-34.8 - - 50.4) 

-32.5 (-21.5 - -43.5) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

-15.82 

-8.64 

-9.33 

-10.78 

-5.82 

-1.27 

-0.80 

-0.85 

-0.82 

-0.58 

Large 

Moderate 

Moderate 

Moderate 

Small 

201-m run 

(s) 

20 

40 

60 

80 

100 

-4.4 (-3.5 - -5.3) 

-3.3 (-2.8 - -3.9) 

-3.0 (-2.5 - -3.5) 

-2.1 (-1.6 - -2.7) 

-2.2 (-1.5 - -2.8) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

-9.66 

-11.65 

-11.52 

-7.30 

-6.70 

-0.89 

-0.87 

-0.94 

-0.66 

-0.73 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 
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Fitness Test Percentile 
Mean Difference 

(95% CI) 
p-value Test Statistic Cohen’s d Interpretation 

99OC 

(s) 

20 

40 

60 

80 

100 

-2.1 (-5.3 - 1.1) 

-0.4 (-.1 - -0.6) 

-0.3 (-0.7 - 0.0) 

-0.2 (-0.4 - 0.1) 

-0.9 (0.0 - -1.8) 

0.19 

0.02 

0.06 

0.13 

0.05 

-1.31 

-2.41 

-1.94 

-1.53 

-2.01 

-0.16 

-0.22 

-0.20 

-0.14 

-0.30 

Small 

Trivial 

Trivial 

Trivial 

Small 

BD 

(s) 

20 

40 

60 

80 

100 

-1.2 (-0.8 - -1.6) 

-0.7 (-0.4 - -1.1) 

-0.7 (-0.4 - -0.9) 

0.1 (-0.9 - 1.1) 

-1.2 (-2.4 - 0.1) 

< 0.001 

< 0.001 

< 0.001 

0.85 

0.07 

-5.88 

-3.91 

-4.54 

0.19 

-1.81 

-0.42 

-0.42 

-0.51 

0.03 

-0.27 

Small 

Small 

Small 

Trivial 

Small 

CLF 

(s) 

20 

40 

60 

80 

100 

-1.2 (-0.6 - -1.8) 

-0.3 (-0.6 - 0.0) 

-0.1 (-0.4 - 0.1) 

0.0 (-0.2 - 0.4) 

-0.0 (-0.2 - 0.2) 

< 0.001 

0.06 

0.31 

0.49 

0.95 

-4.04 

-1.92 

-1.01 

0.70 

-0.07 

-0.40 

-0.14 

-0.01 

0.10 

-0.01 

Small 

Trivial 

Trivial 

Trivial 

Trivial 

SW 

(s) 

20 

40 

60 

80 

100 

-2.0 (-1.1 - -3.0) 

-0.4 (-0.1 - -0.6) 

-0.5 (-0.2 - -0.9) 

-0.1 (-0.4 - 0.1) 

-0.2 (0.0 - -0.4) 

< 0.001 

0.01 

0.002 

0.21 

0.02 

-4.21 

-2.56 

-3.18 

-1.27 

-2.36 

-0.43 

-0.20 

-0.36 

-0.14 

-0.28 

Small 

Trivial 

Trivial 

Small 

Small 

500R 

(s) 

20 

40 

60 

80 

100 

-7.2 (-5.6 - -8.7) 

-4.2 (-2.9 - -5.5) 

-2.6 (-1.5 - -3.7) 

-0.8 (-2.1 - 0.4) 

-1.3 (-2.6 - 0.0) 

< 0.001 

< 0.001 

< 0.001 

0.20 

0.06 

-9.23 

-6.32 

-4.79 

-1.31 

-1.93 

-0.75 

-0.54 

-0.44 

-0.12 

-0.23 

Moderate 

Moderate 

Small 

Small 

Trivial 
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Fitness Test Percentile 
Mean Difference 

(95% CI) 
p-value Test Statistic Cohen’s d Interpretation 

WSTB 

(points) 

20 

40 

60 

80 

100 

58.4 (39.5 - 77.2) 

31.8 (17.0 - 46.7) 

10.1 (4.4 - 15.9) 

8.1 (0.3 – 16.0) 

6.2 (-1.3 -13.6) 

< 0.001 

< 0.001 

< 0.001 

0.04 

0.10 

6.16 

4.26 

3.49 

2.07 

1.66 

0.57 

0.34 

0.24 

0.20 

0.18 

Small 

Small 

Small 

Trivial 

Small 

MSFT 

(shuttles) 

20 

40 

60 

80 

100 

16.4 (13.0 - 19.9) 

21.2 (16.5 - 25.9) 

25.1 (19.7 -30.5) 

20.9 (16.3 - 25.8) 

28.7 (22.9 - 34.5) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

9.44 

9.06 

9.25 

8.54 

9.83 

1.19 

1.33 

1.67 

1.18 

1.48 

Moderate 

Large 

Large 

Large 

Large 

VO2Max 

(ml/kg/min) 

20 

40 

60 

80 

100 

4.2 (3.3 - 5.1) 

6.0 (4.6 - 7.4) 

7.5 (6.1 - 8.8) 

5.8 (4.4 - 7.3) 

7.8 (6.2 - 9.5) 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

< 0.001 

9.08 

8.74 

11.33 

7.81 

9.35 

1.02 

1.23 

1.68 

1.04 

1.34 

Moderate 

Moderate 

Large 

Moderate 

Large 

MBT 

(m) 

20 

40 

60 

80 

100 

0.2 (0.0 - 0.3) 

0.4 (-0.2 - 1.0) 

0.4 (0.0 - 0.8) 

0.4 (0.3 - 0.6) 

0.4 (0.2 - 0.6) 

0.02 

0.18 

0.03 

< 0.001 

< 0.001 

2.35 

1.36 

2.21 

5.03 

4.60 

0.11 

0.20 

0.23 

0.46 

0.40 

Trivial 

Small 

Small 

Small 

Small 

75PR 

(s) 

20 

40 

60 

80 

100 

0.3 (0.1 - 0.5) 

0.2 (-0.1 - 0.4) 

0.4 (-0.0 - 0.8) 

0.6 (0.3 -0.9) 

0.3 (0.1 - 0.4) 

0.004 

0.17 

0.05 

< 0.001 

0.01 

2.96 

1.40 

1.96 

3.67 

2.51 

0.21 

0.14 

0.27 

0.54 

0.28 

Small 

Trivial 

Small 

Small 

Small 

 



 
 

 
184 

 

Non-significant results of the Levene’s test existed for the 2.4-km run (p = 0.55), MSFT (p = 

0.10), 99OC (p = 0.45), BD (p = 0.92), and pull-ups (p = 0.24). These fitness tests underwent a 

standard one-way ANOVA while the other measures underwent a robust ANOVA as per the 

methods section. Significant differences existed upon completion of the ANOVA for all fitness 

assessments except for 99OC and 75PR (Table 24). A post hoc analysis was completed after the 

initial ANVOA test for all fitness assessments except for 99OC and 75PR. The post hoc analysis 

revealed the mean difference significantly differed between each percentile within the PT500. 

Each percentile saw a significantly greater mean change compared to the higher percentiles. For 

example, the 20th percentile improved significantly more (132.5 points) compared to the 40th 

(95.4 points), 60th (81.8 points), 80th (63.0 points), and 100th (27.2 points) percentiles. A similar 

trend was seen in the MC, and push-ups. For the other tests associated with the PT500, non-

significant differences in the mean change often occurred only between adjacent percentiles (e.g., 

20th and 40th percentile), however the trend of lower percentiles seeing larger increases compared 

to higher percentiles continued.  

Table 25. Statistical results of Levene’s Test and ANOVA for between quintile comparisons 

Fitness Levene's Test p-value ANOVA Test p-value ANOVA Test Statistic 

PT500 < 0.001 < 0.001 88.19 

Sit-ups 0.05 < 0.001 26.28 

MC < 0.001 < 0.001 98.45 

Pull-ups 0.24 0.02* 2.98 

Push-ups 0.01 < 0.001 56.23 

2.4-km 0.55 < 0.001* 12.34 

201-m 0.001 < 0.001 9.51 

BD 0.92 0.06* 2.27 

CLF < 0.001 0.001 5.02 

SW < 0.001 0.01 3.91 

500R 0.002 < 0.001 16.83 

WSTB < 0.001 0.002 4.62 

MSFT 0.1 0.003* 4.11 

VO2Max 0.03 < 0.001 6.80 

MBT 0.01 < 0.001 5.47 

99OC 0.45 0.52* 0.81 

75PR 0.001 0.41 0.99 

Key: * one-way ANOVA used 
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The post hoc analysis for the WSTB showed more non-significant results in the mean differences 

compared to the PT500 and associated tests. Non-significant changes still tended to occur 

between the higher percentiles, for example the 60th, 80th, and 100th percentiles. As in the PT500 

and associated tests, the results of the WSTB suggest that lower percentiles see larger effect sizes 

compared to the higher percentile groups. 

While the PT500, WSTB and their associated tests tended to show larger increases in the lower 

percentile groups, the last four assessments (MSFT, VO2Max, MBT, 75PR) show either larger or 

similar increases in the highest percentile groups, as seen in the estimated VO2Max results (Table 

25).
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Table 26. Pairwise post hoc test p-values  comparing quintile groups 

Comparison PT500 Sit-ups MC Pull-ups Push-ups 2.4-km 201-m  BD CLF SW 500R WSTB MSFT VO2Max MBT 

20vs40 *** 0.73 *** 0.5 *** *** 0.004 0.12 0.01 *** 0.052 0.008 0.12 0.03 0.004 

20vs60 *** 0.01 *** 0.36 *** *** *** 0.01 *** 0.01 0.01 *** *** *** 0.02 

20vs80 *** 0.01 *** 0.002 *** *** *** *** *** *** *** *** 0.06 0.017 *** 

20vs100 *** *** *** 0.01 *** *** *** 0.01 *** *** *** *** *** *** 0.01 

40vs60 0.01 0.02 0.002 0.8 0.02 0.06 0.03 0.19 0.38 0.8 0.66 0.34 0.02 0.04 0.99 

40vs80 *** 0.04 *** 0.05 *** 0.01 *** 0.052 0.1 0.14 0.01 0.01 0.68 0.65 0.71 

40vs100 *** *** *** *** *** *** *** 0.43 0.12 0.57 *** 0.04 0.03 0.06 0.92 

60vs80 0.002 0.91 *** 0.07 0.02 0.23 0.03 0.44 0.35 0.12 0.03 0.15 0.08 0.08 0.72 

60vs100 *** *** *** *** *** 0.02 0.13 0.56 0.44 0.49 *** 0.22 0.81 0.9 0.92 

80vs100 *** *** 0.01 < 0.001 0.02 0.36 0.48 0.2 0.99 0.32 0.35 0.88 0.1 0.17 0.61 

Key: *** p-value < 0.001, Italics = significant value
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While there is a trend towards the 20th percentile having a greater mean change compared to the 

100th percentile, it is unclear where these recruits stand compared to those with the higher fitness 

levels. The independent sample t-test identified that the final fitness levels of the lowest fitness 

quintile (20th percentile) were still lower when compared to the initial fitness level of the fittest 

recruits on arrival (100th percentile), with the one non-significant test, BD, being slightly, if not 

significantly, less (Table 26). These results highlight that, even after completing the training 

academy, the lowest quintile did not reach the level of fitness present in the highest quintile on 

their commencement of academy training.  

Table 27. Comparison between 20th and 100th percentiles 

Test Mean Difference (95% CI) p-value Test Statistic Cohen's d Interpretation 

PT500 (pts) -110.2 (-98.9 - - 121.5) < 0.001 -19.22 -2.25 Very Large 

Sit-ups (reps) -13.3 (-10.8 - - 15.9) < 0.001 -10.41 -1.23 Large 

MC (reps) -4.2 (-2.4 - - 5.9) < 0.001 -4.68 -0.55 Small 

Pull-ups (reps) -5.7 (-3.7 - - 7.8) < 0.001 -5.51 -0.78 Moderate 

Push-ups (reps) -5.5 (-3.1 - - 9.9) < 0.001 -4.44 -0.53 Small 

2.4-km run (s) 80.5 (68.3 - 92.8) < 0.001 12.92 1.53 Large 

201-m run (s) 4.4 (3.5 - 5.4) < 0.001 9.18 1.08 Moderate 

99OC (s) 1.2 (0.3 - 2.2) 0.01 2.62 0.48 Small 

BD (s) 0.0 (-1.3 - 1.4) 0.96 0.05 0.01 Trivial 

CLF (s) 1.50 (1.2 - 1.8) < 0.001 8.79 1.11 Moderate 

SW (s) 1.5 (1.1 - 1.9) < 0.001 7.4 0.96 Moderate 

500R (s) 14.6 (12.6 - 16.5) < 0.001 14.6 2.01 Very Large 

WSTB (pts) -72.5 (-58.7 - -86.4) < 0.001 -10.32 -1.52 Large 

MSFT (shuttles) -5.4 (-10.6 - - 0.1) 0.05 -2.03 -0.32 Small 

VO2Max (ml/kg/min) -2.8 (-1.1 - -4.4) 0.001 -3.29 -0.55 Small 

MBT (m) -0.6 (-0.2 - -1.0) 0.003 -3.02 -0.44 Small 

75PR (s) 1.6 (1.2 - 1.9) < 0.001 9.24 1.29 Large 
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Discussion 

The aim of the research reported in this chapter was to analyse the changes in fitness of different 

law enforcement recruits based on their fitness at the commencement of training and to compare 

the changes in anaerobic and aerobic conditioning following completion of a typical law 

enforcement physical training program. It was found that, in general, recruits in the lower 

percentiles experienced a greater improvement in fitness than the recruits within the higher 

percentiles. This result may be partly explained by both a cap on the score that can be achieved, 

specifically for the tests associated with the PT500, and insufficient training stimulus for the fitter 

recruits. An example for both suppositions follows that the 100th percentile group did not see a 

significant increase in push-up repetitions likely because initially these recruits were already 

close to the maximum 50 repetitions. In terms of a measurement cap, the maximum points 

available may be limiting actual improvements of recruits in the higher percentiles. Conversely, 

the 20th percentile group was able to experience greater improvements in assessments without a 

measurement cap, such as CLF, SW, and 500R, potentially suggesting under stimulation of the 

fitter recruits (100th percentile).  

Contrary to the above findings, the top percentile had a similar, if not greater, improvement in the 

rest of the fitness assessments (e.g., MSFT, VO2Max, MBT, 75PR) compared to other percentiles. 

The reason for this is unknown, but could be due to these tests not being factored into academy 

scoring which could limit higher scores to those who are more motivated. Fit recruits may have a 

history of exercise participation and therefore may be more motivated to complete these 

assessments. If individuals with lower physical fitness were less motivated to complete these 

assessments, then the true expression of their fitness improvements may be hindered.  

The supposition of lower percentiles experiencing greater improvement is supported by the 

ANOVA and post hoc analysis which show significant differences between the lower and higher 

percentiles for the PT500 and associated tests. The non-significant differences tended to be when 

analysing comparisons to the next percentile, such as the 40th to the 60th percentile, except for the 

WSTB associated tests. These tests associated with the WSTB tended to have significant 

differences only for the 20th percentile compared to the others. Additionally, WSTB and 

associated tests tended to have smaller changes compared to the PT500 and associated tests. The 

smaller change in the top percentiles could be due to the PT programs focusing more on muscular 
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endurance and aerobic capacity (206, 213), as research has linked a portion of the WSTB (i.e., 

CLF, SW, and BC) to muscular power and strength (10, 16, 314). The WSTB and associated tests 

did not see as great of an improvement, measured via effect size, when compared to the PT500. 

This type of training may increase relative strength and strength-endurance, particularly in 

untrained individuals (38). Overall, the effect sizes for the PT500 range from moderate to very 

large while the effects sizes for the WSTB range from trivial to small. This is suggestive that the 

current physical training program results in greater improvements in aerobic fitness compared to 

anaerobic fitness, strength, and power. Previous research in the same law enforcement population 

has found that physical training program mainly focuses on muscular endurance (through circuit 

training) and aerobic fitness (through slow, long duration runs) (206, 213). The addition of 

anaerobic fitness, strength, and power training to this program may lead to a more well-rounded 

fitness profile. This is crucial as strength and power are vital to a police officer’s ability to 

perform their job efficiently and effectively, having previously been linked to occupational task 

performance (10, 16, 314). 

Comparing the 20th percentile’s final test results to 100th percentile’s initial results revealed that 

at the end of the academy, the least fit recruits were still not at the same level as the fittest 

recruits on commencing academy training. When comparing the 20th percentile’s mean VO2Max 

(35.21±4.56 ml/kg/min) to the general population the VO2Max scores for males (36.34 ml/kg/min) 

of this group in the age range of 20-29 would be considered very poor according to the American 

College of Sports Medicine (231). For males age range 30-39, their VO2Max (34.51 ml/kg/min) 

would be considered poor and fair for age range 40-49 (36.87 ml/kg/min) (231). Females of this 

percentile would be considered fair for age range 20-29 (35.46 ml/kg/min), and good for 30-39 

(33.74 ml/kg/min) (231).  Regarding muscular endurance of the 20th percentile group, when 

comparing push-ups to the general population, both males (50.83 ± 7.16 reps) and females (43.13 

± 8.44) in the 20-29 age range would be in the excellent category (231). For ages ranging from 

30-39, males (54.89 ± 9.92 repetitions) and females (49.55 ± 9.29 repetitions) would again be 

excellent (231). Males (48.62 ± 5.58 repetitions) aged 40-49 are also considered excellent when 

compared to the general population (231). 

While recruits from the lowest fitness percentile did not finish the academy with a fitness level at 

the initial fitness level of the 100th percentile, this may not be a reasonable result to achieve over 
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the course of a demanding 20 to 22-week program. This could also be impacted by sex as the 20th 

percentile has a higher proportion of female recruits than male recruits. As noted previously, it is 

common for male recruits to display higher levels of fitness when compared to their female 

counterparts. However, the recruits in the 20th percentile were able to demonstrate greater muscle 

endurance compared to the general population. Concerningly, the aerobic fitness of these recruits 

was poor (males) to fair (females) when compared to the general population, even after 

completing the physical training portion of the academy (231). While anaerobic fitness measures 

are strongly linked to occupational effectiveness (10, 16, 314), aerobic fitness levels still impact 

task performance (11) and overall health (192).  Previous research shows that it is likely these 

individuals will tend to lose fitness as they continue throughout their careers (18). Recruits from 

this academy must score a 384 on the WSTB to gradate, and additionally may only miss six 

physical training sessions. Graduating the academy while already at poor-to-fair fitness levels 

will likely leave these recruits exposed to higher injury rates (315) and to long-term health 

consequences such as cardiovascular disease (316). As law enforcement officers in general are 

already at higher risk of cardiovascular disease compared to the general population (316), those 

with lower levels of fitness will be at even higher risk (192). Due to these detrimental effects, 

physical training methods that best develop physical fitness across all quintiles need to be 

researched.  

Overall, these results suggest that individuals with lower levels of fitness, as expected, experience 

significantly better improvements in physical fitness compared to their fitter peers. One 

adjustment to the training program that may account for varying fitness levels is the 

implementation of ability-based training (ABT). ABT changes the training stimulus depending on 

baseline fitness scores, potentially avoiding overtraining for those with lower fitness levels and 

providing a greater training stimulus for individuals with higher levels of fitness (55). It should 

be noted that some modifications based on ability may have been implemented. However, it was 

unable to be determined what ability-based modifications (if any) may have been incorporated 

through retrospective analysis of the physical training programs. ABT has previously been 

implemented in law enforcement populations and shown to reduce injury rates and improve 

aerobic performance (107). Lockie et al. (177) discussed at length the numerous benefits of ABT 

and how this could be implemented effectively in a police recruit population. Though law 

enforcement academies do not have ideal staff to recruit ratios for strength and conditioning 
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programs (177), ABT can be implemented effectively. Lockie et al. (177) detailed two methods 

in which this can be done. For example, one method includes the separation of recruits into three 

groups depending on initial aerobic fitness results (177). Three grids of varying sizes, with the 

lower fitness class using the smaller grid, can then be constructed, allowing recruits to complete 

interval training by sprinting one side of the grid and jogging the other (177). The variations in 

grid size will help to ensure that each recruit is receiving a training stimulus more in line with 

their current fitness level (177). Though some modifications may potentially be made based on 

fitness in the current program, this process can be formalised by using structured variations 

within training programs to ensure an optimal training stimulus.    

To mitigate the over-dominance of aerobic and muscular endurance training and improve 

anaerobic and strength/power outcomes, improving staff knowledge around principles of strength 

and conditioning could ensure optimal improvements across all relevant fitness components. 

These qualified personnel may also be better suited to adjusting training loads to account for 

varying fitness levels. Previous research in military training has shown that training programs ran 

by more knowledgeable instructors lead to greater improvements in fitness, even with the same 

training volume (317). Certifications to potentially improve staff knowledge, such as the Tactical 

Strength and Conditioning Facilitator course developed by the National Strength and 

Conditioning Association, may be able to result in greater improvements in recruit physical 

fitness by improving staff knowledge. Working alongside or hiring a Certified Strength and 

Conditioning Coach may also improve the structure of the physical training program.   

Noting the need to develop recruit strength and power, and that improvements in these measures 

may manifest themselves in improved performance on occupational tasks such as the BD, CLF, 

and SW (10, 16, 314), law enforcement agencies may be limited in their ability to implement 

strength- and power-based training programs. Such limitation may be partly due to a lack of 

necessary equipment and facilities necessary to cater to a large number of recruits. This barrier 

can potentially be overcome by the use of non-traditional equipment, such as sandbags, 

ammunition canisters or body armour and utilising unilateral exercises (177, 216).  

Limitations are present in this study, with one being the lack of fitness tests that specifically 

measured muscular strength and power. Estimated repetition maximum testing for resistance 

training exercises and those that measure explosive power (e.g., vertical jump, standing broad 
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jump, etc.) would likely give a greater indication of the true change in these components. This is 

crucial as these components have previously been linked to occupational tasks such as fence 

jumps and body drags (11). Though the tests within the WSTB do require muscular strength and 

power, they may be limited by other factors such as technique. Another limitation is the lack of 

uniform training programs as variations in training styles may impact fitness development. 

Variations also existed between testing dates, particularly the WSTB, which can affect the 

improvements across the course of the academy. However, these limitations are offset by the 

large sample size which produces an overall picture of recruit fitness. Further, this data was 

analysed after splitting the sample into quintiles. While presenting a practical overview of fitness, 

this can cause limitations to statistics, namely inflating the Type 1 error rate (110). Additional 

analysis that can control for these errors, as well regression to the mean and heterogeneity 

between responders and non-responders, can strengthen the results in this chapter. Caution should 

be exercised when interpreting these findings. Due to this data being drawn from one law 

enforcement academy, these results should not be applied to other academies. Future research 

should implement testing protocols that are more purely focused on measuring strength and 

power, as well as standardised training programs to improve the strength of the results.  

Conclusion 

Recruits with lower levels of fitness were more consistently able to improve their fitness level 

during the course of the academy compared to their more fit counterparts. This was particularly 

true of tests associated with the WSTB. However, the recruits in 20th percentile were still below 

both the initial fitness scores of recruits in the 100th percentile and the general population on 

completion of their training. Larger effect sizes were seen in tests that were associated with 

muscular endurance and aerobic capacity.  Law enforcement academies can implement ABT 

programs to ensure all recruits undergo adequate stimulus to increase fitness. Adding a focus on 

muscular strength and anaerobic exercises may better prepare recruits for tasks they will 

commonly undertake in law enforcement (e.g., body drag, fence climb). Law enforcement 

agencies can invest more resources and training for physical training instructors to better 

implement ABT programs with an added focus on muscular strength and anaerobic exercises. 
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 Chapter XI 

Barriers to Implementing Training Load 

Monitoring in Tactical Populations 
 

Preface 

This thesis aimed to investigate the concept of monitoring and optimising training (TL) that has 

recently become popular in the sporting world and its application to tactical populations. The 

overarching intent was to analyse how this concept could improve fitness while concomitantly 

decreasing injury risk in law enforcement recruits undergoing training. Throughout this research 

project, and in combination with the practical experience gained while collecting data on-site 

with law enforcement recruits, lessons were learnt about the unique demands of tactical 

populations and how they differ from athletic teams. These differences present potential barriers 

in applying individualised TL monitoring and optimisation in the manner currently applied in a 

sporting context to tactical populations. This chapter therefore has three aims: 1) discuss the 

barriers to individualised TL monitoring in tactical populations, 2) provide direction to current 

training staff and members of tactical population on optimising training load given these barries, 

and 3) offer suggestions to current researchers analysing tactical populations and injury risk, 

specifically regarding TL.  

      

This chapter has been formatted for submission to the Strength and Conditioning Journal   
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Introduction 

TL is a cumulative amount of stress on an individual from single, or multiple, training sessions 

over time (29). TL is typically measured using either external methods (e.g. total distance run, or 

speed) or internal methods (e.g. heart rate or rating of perceived exertion) (31). Tracking external 

load (EL) can communicate the total amount of work completed, while information yielded from 

internal (IL) typically conveys how the individual is adapting physiologically (29). Practitioners 

in sport commonly use a combination of EL and IL to track TL and mitigate injury risk. Rapid 

changes in both variables have previously been linked to higher risk of injury in the literature 

(31). One example shows 40% of injuries were the result of a rapid change in TL in the preceding 

week in Australian football (43). Additionally, the use of TL has also been linked to fitness and 

performance. For example, in research conducted on AFL players, it was found that those who 

had completed high TL (1600-2000 AU per week), as measured by sRPE, experienced greater 

improvements in their aerobic fitness compared to those who completed very high (>2000 AU 

per week), moderate (1250-1599 AU per week), and low (<1250 AU per week) TL (42). 

Furthermore, in a study conducted by Gabbett and Domrow, high internal TL was found to be 

related to decreases in agility performance (39). Optimising TL may also be beneficial in other 

populations that engage in strenuous training and result in an optimal balance between injury 

risk, fitness, and performance. Tactical populations are one potential area that could benefit from 

implementing methods to optimise TL. 

Similar to sports, tactical is an overarching term that consists of several distinct professions with 

unique occupational demands. Tactical populations are inclusive of, but not limited to, law 

enforcement, military, and firefighters. Each population, in a similar fashion to sports, engages in 

physically demanding activity that increases risk of injury and requires sufficient levels of fitness 

to perform effectively. Law enforcement officers encounter sudden instances of high intensity 

activity combined with long periods of sedentary behaviour (1), while military personnel often 

engage in long (distance) load carriage marches (with weights up to 45 kg) (6) and firefighters 

consistently encounter environmental hazards (59). It has been proposed that injuries in these 

populations can be the result of overtraining and high TLs, especially in law enforcement (177) 

and military populations (23). The use of TL optimisation that is currently being practiced and 

researched in the sporting world may provide similar benefits to tactical populations.  
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Despite both tactical and sport populations participating in physically demanding tasks, there are 

noteworthy differences between the two populations. For example, tactical personnel engage in 

year-round training cycles, have unpredictable assignments, and less support compared to 

athletes who usually undergo seasonal training, well-scheduled and predictable events, and ideal 

support from a multitude of professions (e.g., psychologists and sports nutritionists) (212). 

Tactical personnel also must mitigate program-induced cumulative overload (PICO). Initially 

created within military populations, PICO highlights the biological stress that is caused by both 

physical training and other elements of training that impact physical stress (e.g., operational 

drills, distances marched around the unit) and how, as these factors combine, they intensify the 

physical stress experienced by recruits (56). For example, a physical training session focused on 

lower limb body weight exercises and a basic military field patrol with occupational loads, may 

not cause excessive physical stress when each is considered individually, but when performed on 

the same day increases physical loading. While this loading may be small, progressively over 

days and weeks, the exponential effect may lead to overloading. Though this framework was 

originally created in military populations, this can be applied to law enforcement recruits. Law 

enforcement recruit training, like military training, encompasses a wide variety of training 

modes, such as physical training, defensive tactics, and occupational simulations. These training 

modes must also be completed in a short amount of time. While individually, these training 

modes may be appropriate for the average recruit, when combined they may lead to overloading 

(56). 

Some of these differences may provide barriers to implementing the individualised TL 

monitoring and optimisation programs that are common in sports. This chapter aims to discuss 

these potential barriers, and other, more practical, methods of optimising TL specific to tactical 

populations.   

Barriers to individualised monitoring 

Staff-to-Trainee Ratio 

One major difference between tactical and athletic populations is the ratio between the number of 

individuals being trained and staff members. When looking at the roster of a professional 

basketball team, there may be 14 players on the roster (318), with six individuals focused on 
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player health and performance (319), showing an almost 1:2 staff to player ratio. This ratio 

excludes other sporting team staff members who would focus on coaching and skills training. 

These staff members have various qualifications ranging from bachelor’s to doctorate degrees 

across fields of health and performance. The recruit class studied in this thesis, consisted of 100 

recruits and eight staff members, a 1:12.5 staff to recruit ratio. These staff members were also, at 

various time points, required to teach the knowledge and skills of the occupation, while also 

developing the necessary physical and mental qualities in recruits.  

Feasibility 

Staff members within law enforcement academies, while being experts of the occupation, will 

have varying levels of expertise when it comes to the area of exercise and sports science, as these 

individuals may not be specifically trained in fields relating to physical conditioning. In a setting 

of 100 recruits, apart from the initial financial outlay to obtain the required equipment, it is likely 

not feasible to expect the staff members to go through the time intensive process of assigning, 

handing out, and collecting 100 GPS and heart rate units. Furthermore, the time required to 

download, interpret (if they have the requisite training and knowledge) and action the data adds 

further burden to a time poor environment. Another concern is that law enforcement academies 

may have multiple classes running concurrently, with each class composed of different recruits at 

different levels of training. The sheer amount of data that would be captured from an academy 

during a single year alone could be expected to overrun even the most well-equipped sports 

teams. The collection of data for collection’s sake may add more distraction to the academy and 

increase the demands of the training staff when the benefits of this information in the hands of 

academy staff is unclear. Individualised TL monitoring and adjustment of training programs may 

be more feasible in smaller populations or in populations with higher levels of physical 

conditioning over a longer period, such as elite tactical units (e.g., special operations groups). As 

fewer individuals will be undergoing training at a time, less data that will need processing before 

making recommendations. This is especially important within TL monitoring given the large 

number of variables and modalities available to practitioners (218). 

Financial Cost 
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Another limiting factor within tactical populations is the high financial costs with equipment 

purchase and maintenance. Sporting teams, with a lower number of participants and higher 

funding, are more well equipped to outfit individuals with monitoring devices. Recently acquired 

quotes from three different companies priced GPS units at costs ranging from $10,000 AUD 

($7,580 USD) to $79,820 AUD ($58,690 USD) (or alternatively, $23,100 AUD ($16,985 USD) 

over five-year instalments) for 20 units. Assuming no further discounts, it could cost between 

$50,000 to $100,000 AUD ($38,000 to $76,000 USD) to purchase 100 units to monitor each 

recruit (based on the number of recruits in a class that were utilised in this thesis). This would 

cover the recruits for one class, but as stated above some populations run multiple classes 

concurrently. These costs do not include maintenance or replacements of units, or any associated 

software (purchase or licence). While free software such as Microsoft Excel® (Microsoft, 

Redmond, Washington), assuming subscription to Office 365, may be available to collect and 

present data, many practitioners utilise custom software programs that would add further 

financial cost (218). Beyond the purchasing cost of the equipment and software, these 

populations may need to employ sport scientists or certified strength and conditioning coaches to 

interpret and apply recommendations based on the analysis of gathered data. These outlays may 

prove to be too high for implementation across all individuals in a training academy and, as noted 

above, may be better suited for elite tactical units with an appropriate balance between number of 

individuals and funding.  

The implementation of individualised TL monitoring and optimisation has potential to positively 

impact tactical populations. However, due to the unique nature of these populations the financial 

and human resource cost may be too great to effectively utilise these concepts on an individual 

level. TL may be assessed and optimised using different methods that exist across individuals. 

Though not individualised, these methods may be more practical solutions that can be 

implemented effectively.  
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Next Steps in Optimising Training Load for Tactical Populations for 

Practitioners 

The significant financial and human resource cost are barriers to implementing individualised 

load monitoring in most general tactical populations. Though the individualised load monitoring 

is one common method to optimise TL, especially in sports, other methods to optimise TL are 

available that may be more practical for tactical populations. This section aims to explore these 

potential methods, which can be implemented at program and personnel (e.g., academy staff) 

levels.  

Program Level Modifications 

Population-Specific Periodised Strength and Conditioning Programs 

Due to aforementioned significant costs, in terms of both financial and human resources, the use 

of individualised monitoring may only be applicable to specific tactical populations with 

adequate funding and fewer individuals to monitor. Despite these barriers, potential options for 

optimising TL are still available. One such option is a generic TL approach at a program level 

whereby population-specific periodised strength and condition programs can be implemented 

within the overarching academy training programs.  

Periodisation is a “systematic, sequential, and integrative programming of training interventions 

into mutually dependent periods of time in order to induce specific physiological adaptations that 

underpin performance outcomes” (38). This is achieved by managing the body’s ability to adapt 

and accounting for accumulating fatigue (38). The use of periodised programs can implement 

periods of strategic rest, thus allowing recovery and potentially mitigating overuse injuries in 

tactical populations (298). For example, the desktop analysis conducted earlier in this program of 

research (Chapter VI) found significant changes in total distance covered during the first five 

weeks of the academy program in combination with a large amount of injuries during this time, 

and further spikes in injuries during Weeks 8, 14, and 16. A population-specific periodised 

program could be implemented that introduces a more progressive, rather than sudden, increase 

in training stimulus and periods of recovery during the program (such as during Week 8), to 

potentially mitigate injuries. This type of program needs to be specific to the occupational 
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demands while also accounting for other training stimuli (e.g., defensive tactics). Accounting for 

the other training stimuli helps to avoid a phenomenon known as program-induced cumulative 

overload (PICO) whereby the combination of multiple training stimuli leads to overtraining and 

injury (56). This balance between stimulating adaptations while mitigating fatigue is also at the 

heart of individualised load monitoring. While this method may not account for each individual, 

the application of population-specific periodisation to tactical training programs may result in a 

more optimal TL. 

Periodisation does not refer to one concept, but encompasses various strategies that range from 

traditional, concentrated unidirectional, or block training programs (151). Traditional 

periodisation (TP) programs focus on a hierarchy of periodised training cycles with a focus on 

load and recovery to provide supercompensation (151). These training cycles can be broken 

down into months (macrocycles), weeks (mesocycles), and days (microcycles) (151). The design 

of TP programs comes with limitations, such as an inability to produce multi-peak performances 

and a mixed style of training potentially under stimulating optimal fitness development (320). 

Despite these limitations, TP may be effective in untrained populations where the stimulus is 

likely to be high enough to improve fitness (320). 

The concentrated unidirectional (CU) strategy utilises prolonged blocks of highly concentrated 

workloads (321). This type of training initially leads to a significant decline of fitness followed 

by subsequent improvement. Despite the subsequent improvement, these benefits are most often 

seen in sports requiring a small number of fitness components, such as a focus on speed (321). 

Research analysing this strategy in athletic domains that require a multitude of fitness abilities 

have not yet provided evidence for its application (321). Block periodisation (BP), on the other 

hand, focuses on developing a multitude of athletic abilities, with a focus on consecutive 

development of specific features (321). This consecutive development helps provide a higher, 

and more specific stimulus than the mixed training often seen in TP (321). Similar to TP, BP 

focuses on training cycles (321). These training cycles can be identified as accumulation, 

transmutation, and realisation. Accumulation focuses on the development of basic fitness 

components, such as aerobic endurance or muscular power, while transmutation emphasises 

sport-specific skills and requirements (321). The realisation period then provides recovery and 

prepares the athlete for competition (321).    
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While athletes may benefit from high physical fitness in one domain (e.g., a marathon runner and 

aerobic fitness), tactical personnel require high levels of fitness across multiple domains such as 

aerobic endurance, muscular strength, muscular power, speed, and agility (2, 11, 12, 182, 322). 

The implementation of a physical training program that can improve various fitness components 

while avoiding over training or PICO from other training demands is ideal. One potential option 

to achieve this outcome is the use of daily undulation periodisation (DUP) programs which aim 

to address various components within a cycle and adjusts intensity and volume on a daily basis 

(323, 324). These daily adjustments may allow for more effective alterations in the training 

program based on other physical demands, such as range training, defensive tactics, or distance 

marched around the area, helping to avoid PICO. Previous research in general population males 

has shown significantly greater improvements in strength with the use of DUP program 

compared to a TP model (323).   

It is important that the type of periodisation chosen is one that will benefit tactical occupations 

and their unique demands. For example, the CU strategy, due to its benefits in specific qualities, 

would likely not be effective given the aforementioned importance of various fitness measures in 

these populations (2, 11, 12, 182, 322). As recruits are often drawn from a general population 

(14, 55), the use of a TP program may be effective as the mixed training approach may be 

sufficient to increase multiple fitness characteristics in these populations. Implementing a BP 

program may also be effective in this population given its focus on progressing from general to 

sport, or in this case occupational, specific skills (151). This strategy may also allow for multiple 

performance peaks during the course of a calendar year, where the TP model focuses on one peak 

(151). Recruits may benefit from one performance peak (the end of the academy) but currently 

serving members may be limited if training for one performance peak. The use of BP may also 

allow training staff to account for other training periods, such as range training, and avoid issues 

of PICO, where multiple training modalities lead to fatigue (56). Another strategy that may 

account for other demands is the use of a DUP program that allows for daily adjustments (323). 

This highlights one of the differences between working with the two populations (tactical 

personnel and athletes) and necessitates more research into the use of periodisation in tactical 

personnel. Given the continuous nature of the profession’s physical demands, currently serving 

tactical personnel do not have the benefit of structured response calls and occupational duties. 

Recruits, similar to athletes, could plan for specific times to compete at a peak level, but 



 
 

 
201 

 

individuals that are currently serving need to be operationally ready day in and day out. As such, 

the occupational context (i.e., personnel undergoing finite training programs or personnel on 

ongoing operational duties) will influence the type of periodisation and its subsequent structure.  

A cursory search of the literature shows limited research comparing the effects of periodisation 

training programs across tactical populations. Research in a law enforcement recruit population 

(six month training program) by Cocke et al. (224) compared the use of a periodised training 

program to a randomised work-out of the day style program. While the type of periodisation 

employed was not specifically stated, it appears to be BP style of program with a focus on 

endurance and muscular hypertrophy in the beginning of the program and progressing to strength 

and power (224). This study found that the randomised ‘work-out of the day’ style program saw 

improvements in all fitness characteristics, while the periodised training program improved in 

only three out of the 10 measures (224). However, this study had a smaller sample size in the 

periodised program (11 vs 50 recruits) and also did not compare injury rates (224). Within 

military recruits (12 week training program), Kraemer et al. (221) compared four training 

programs, resistance training, endurance training, resistance and endurance training, and upper 

body resistance and endurance training. The resistance training programs utilised a non-linear, or 

TP scheme (221). The results of their study show that adding resistance and upper body 

resistance training improved 2-mile loaded performance time (221). The programs that 

implemented whole body resistance training also found significant increases in leg power (221). 

No injuries were reported in any of the training groups (221).  

Knapik et al. (220) investigated the implementation of a TP program within a cohort of military 

recruits compared to the standard training program (nine week training program). Outcome 

measures of this study included the Army Physical Fitness Test, which includes push-ups, sit-ups, 

and a timed 2-mile run (220). Results from this study show higher pass rates in the standardised 

physical fitness assessment, improved push-up performance, and similar 2 mile run performance 

in the TP cohort despite running fewer miles (220). The TP program also resulted in decreased 

injury rates and risk than the standard training program (220). In another example of 

periodisation in military recruits, Heard et al. (219) implemented a linear TP program over 11 

weeks and found better improvements in aerobic fitness, with shorter training sessions, and a 

decrease in injury rate. Lastly, in a study of Naval Special Warfare Operators implementing a BP 
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program over 13 weeks was found to significantly increase measures of agility and muscular 

strength compared to a non-linear TP program (325). This latter study is of note, given that unlike 

the other studies (219-221, 224), the target population was qualified personnel as opposed to 

personnel undergoing initial training. Notably, these results were found after nine to 13 weeks of 

training (with one program covering six months), where law enforcement academies can last 20 

to 22 weeks, as noted in this thesis. A longer training program could further benefit from 

population-specific periodisation as there is more potential to train multiple fitness parameters 

and plan for adequate recovery 

These are a few examples of periodisation strategies that may be implemented within in tactical 

populations. Variations in occupational demands, training schedule, and equipment availability 

not only exist between tactical populations (e.g., military vs law enforcement) but also within 

populations (e.g., law enforcement recruits vs special weapons and tactics personnel). For 

example, law enforcement officers will experience long periods of sedentary behaviour (e.g., 

sitting in a patrol car) interspersed with sudden high intensity tasks (e.g., chasing a suspect) (1), 

while military personnel are more likely to engage in long duration, heavy load carriage session 

(with equipment weighing over 45 kg) (6). Variations will also exist within populations. This can 

be seen in law enforcement, with special operations tending to carry heavier gear (40 kg 

compared (9) to 10 kg in general duties officers (183)) and having different occupational task 

requirements (e.g., hostage rescue, riots, or situations involving terrorists) (178). These variations 

will necessitate physical training programs that are population-specific. Though research 

regarding the impact of various periodisation strategies is still growing in tactical occupations, 

implementing a population-specific strategy may lead to a more optimal TL and a more well-

rounded fitness profile; with increases not only in aerobic endurance, but muscular strength and 

power among others.  

Ability-Based Training Programs  

Though implementing population-specific periodisation-based programs may improve fitness and 

reduce injury risks, these populations may still suffer from a generalised, “one size fits no one 

approach” (107). Variability between individuals can be accounted for by adding ability-based 

training (ABT) to periodised programs. The inclusion of ABT within periodised programs may 

allow recruits to train at a more optimal level, while still maintaining a similar staff to recruit 



 
 

 
203 

 

ratio (177). For example, recruits with lower fitness levels would partake in training sessions with 

lower intensity than their higher fitness peers (177). Implementation of this training type would 

help ensure that individuals avoid overtraining, potentially leading to overuse injuries, and train 

at an appropriate intensity to induce optimal fitness improvements (177).  

ABT has previously been implemented in law enforcement populations and shown to have lower 

injury rates and better, though not statistically significantly, aerobic performance (107). In a 

recently published article, Lockie et al. (177) discusses at length the numerous benefits of ABT 

and how this could be implemented effectively in a police recruit population. Recruits enter the 

academy with differing fitness levels that can impact on their risk of injury (12) and separation, 

or leaving the academy (14, 55). Injury in particular may be caused by a sudden an increase in the 

physical stress as recruits transition to academy life (207). Utilising ABT may help mitigate this 

sudden increase in stress and ensure periods of overtraining are avoided for those of lower fitness 

levels, but also provide a challenge and appropriate load for fitter individuals. Though law 

enforcement academies do not have ideal staff to recruit ratios for typical strength and 

conditioning programs (177), ABT could be a viable option if implemented effectively. This 

system also allows individuals to progress or regress to different groups in the case of 

improvement or return from injury, respectively. For a detailed description of ABT please refer to 

Chapter 10. ABT could potentially allow for easier implementation of load monitoring programs. 

By randomly selecting a few individuals across the various groups, staff may be able to monitor 

how each group is responding to the training and adjust the programs accordingly, given the 

training stimulus and intensity. 

Physical Training Program Example  

Figure 25 represents an example periodised training program designed for a 22-week law 

enforcement academy, overlayed with the results of the desktop analysis and injury data 

presented in Chapter VI and Chapter VIII respectively. This program contains a week of 

technical training during the first week of the academy program, which aims to ease the transition 

from civilian life to the physical demands of academy training. Similar training is completed at 

Weeks 8 and 18, allowing for a period of recovery while recruits can work on mobility, 

technique, or other similar training. Contrary to a sudden increase in distance covered (caused by 

the combination of a physical training program focused on long distance running and academy 
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demands), the focus of the initial training program is on strength (in association with aerobic 

training) before transitioning to more aerobic focused training. Anaerobic focused training is 

introduced after the first recovery week and is the emphasis of training until Week 13. From 

Week 13 to Week 15, strength and power are emphasised in combination with light aerobic 

training. After a second recovery week (Week 16) occupational specific training is introduced 

and becomes the main focus for the remainder of the academy. This training period emphasises 

specific occupational tasks (such as those tested in the Work Sample Test Battery) and continued 

development of physiological qualities related to successful performance of these tasks (e.g., 

power, strength, agility). This program aims to provide a population-specific periodisation, with 

periods of recovery to potentially reduce overtraining and injury. This program, or similar, may 

provide a more efficient progression of physical training (especially in conjunction with ABT) 

and thus a more optimal TL. Additionally, this may result in a more well-rounded physical fitness 

profile that decreases further risk of injury once recruits graduate from the academy and more 

effective performance of occupational tasks.  
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Figure 26. Example of population-specific periodised physical training program 

 

Distance (yellow line - Chapter VI) and injury (blue bars - Chapter VIII) data are taken from chapters presented earlier in this program of research. The terms 

high, moderate, and light refer to the proposed intensity of physical training sessions. Note that this is only a strategic conceptual example. A specific example 

with exact training loads is not provided to avoid the program being taken and used without local contextualisation 
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Personnel Level Modifications 

In addition to instituting modifications at a program level, as described above, alterations can be 

performed at a personnel level to further optimise TL. Enlisting the help of individuals 

knowledgeable in periodisation and physical training may assist in the development of a 

population-specific program.     

The inclusion of strength and conditioning coaches in the construction and oversight of these 

programs may provide direction on specific periodisation strategies and more optimal TL. As this 

is a growing field, strength and conditioning coaches are often employed in more specialised 

units that possess the necessary funding (176). Previous research in tactical populations has 

shown that more experienced instructors are able to achieve greater improvements in fitness of 

their trainees even with no change in training volume (317). Including certified strength and 

conditioning coaches in these processes may further improve the fitness changes that can 

potentially be seen by employing the aforementioned population-specific periodisation programs 

and may lead to less rates of injury as noted by Knapik et al. (220). According to Salary.com the 

average salary of a strength and conditioning coach in Los Angeles is $66,660 AUD ($50,529 

USD) (326) and in Australia can range from $60,000 AUD ($44,700 USD) for professional level 

coaches to over $120,000 AUD ($90,000 USD) for master level (327). Considering the average 

cost to train a recruit, depending on location, ranges from $85,000 AUD ($64,000 USD) (270) to 

$135,993 AUD ($100,000 USD) (271), a strength and conditioning coach would need to prevent 

one injury that leads to a separation per year to cover their salary. Furthermore, investment in 

injury prevention programs have been effective financial strategies with back injury prevention 

programs in United States employees resulting in 179% return on initial investment (328). Other 

estimates have suggested a saving of $6 for every $1 dollar invested in injury prevention 

programs due to medical cost savings and absenteeism reduction (329). Specific to military 

populations it was found that placing two health care professionals into a recruit training centre 

reduced musculoskeletal related attrition by 25%, all-cause attrition by 15%, and led to a net 

saving of 10 million USD over the course of two years (269). These findings highlight that injury 

prevention programs are ultimately money saving investments despite the initial financial outlay.  

Beyond the hiring of strength and conditioning coaches, tactical institutions could offer more 

support for the upskilling of current staff members. Currently, courses are available that are 
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geared towards teaching effective strength and conditioning techniques to those that are currently 

working within tactical populations, with one example being the Tactical Strength and 

Conditioning Facilitator certification sponsored by the National Strength and Conditioning 

Association (NSCA). By providing support to current staff, such as covering course or travel 

costs and work leave, tactical institutions can improve the knowledge base of members who are 

currently employed. This may be a worthwhile strategy as current staff members are 

knowledgeable in their field having served or work in the occupation for an extended period. The 

combination of this practical, occupational experience and additional strength and conditioning 

knowledge could enhance the creation of effective programs designed for the unique 

occupational demands and represent another avenue of investment towards injury prevention.  

Next Steps in Assessing Training Load to Injury Risk for 

Researchers 

The sporting world has seen an influx of research papers aiming to examine the relationship 

between TL and injuries (32, 39, 45, 99, 111, 126). However, the methods used to examine this 

relationship could be improved, such as connecting TL variables to injuries through physiological 

mechanisms, and more robust statistical analysis to strengthen findings. Moving forward, 

researchers within tactical populations that aim to examine contributors to injuries can implement 

various methodologies to strengthen their findings and improve confidence in recommending 

mitigation strategies. The first step needed is to identify variables, that are specific to the 

population being studied, that influence injuries. The use of conceptual models is one method for 

researchers to pinpoint influencing factors that have a physiological basis for influencing injuries 

prior to data collection.     

Identification of Influencing Variables: Conceptual Models and Directed 

Acyclic Graphs 

Injury occurs when forces (either singular or repetitive) are applied to a biological tissue that 

exceed the strength and repairability of the tissue (53, 54, 114, 115). This excessive stress or 

strain can occur quickly, resulting in an acute injury such as an ankle sprain, or over an extended 

period of time, resulting in a chronic injury, such as an Achilles tendinopathy (146, 330). 

Multiple models have been constructed analysing the factors that can lead to tissue failure (54, 
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114, 165). While these models do vary, they contain similar factors that are necessary to analyse 

when researching the variables that cause injury. Firstly, it is necessary to understand the 

mechanical load or stress that tissues experience and how these loads contribute to various 

injuries (54, 114, 165). Accurately measuring these forces in a practical setting remain 

challenging, though advances in wearable technologies and advanced machine learning may 

allow clinicians to measure or estimate ground reaction forces, moments, and joint forces (331). 

Understanding the mechanical load experienced by tissues will give researchers more 

information on the causes of various injuries and provide physiological reasons for the inclusion 

of various variables. For example, a military academy that experiences a high incidence of lower 

limb stress fractures may benefit from studies analysing the impact of ground reaction forces on 

stress fractures in this population which can inform future injury mitigation strategies. The 

overall impact of these forces is altered by the specific strength of various tissues (for example 

the ultimate strength of cortical bone ranges from 100-150 MPa though this is further affected by 

the geometry of the bone) (332). Furthermore, biological tissues, including bone (333), muscle 

(334), and tendon (330) have been shown to have the ability to adapt and change under 

mechanical load, provided the load does not surpass the tissue’s stress threshold. Given sufficient 

time to recover, biological tissues can improve their relative strength, leading to increased 

tolerance to acute and chronic mechanical loads. As such, monitoring actual load to specific 

tissues (e.g., bone for high stress fractures) will allow for a benchmark on how much load the 

tissue can withstand and how time it needs (and how well it can) to recover and adapt. However, 

it is important to note that these measures do not always accurately reflect the forces experienced 

at the level of biological tissues, and further research is required on the application of these 

methods (335-337). 

The physiological nature of an individual (e.g., body composition) may likewise include 

important variables for conceptual models that can occur at an individual level and affect injury 

risk (54, 114, 165). This is inclusive of modifiable factors, such as muscle strength, body 

composition, and tendon structure, and non-modifiable factors, such as sex, age, and previous 

injury history (114). Various models proposed in the literature aim to improve the understanding 

of these various contextual various and how their interactions can result in injury (53, 54, 165). 

Research by Kalkhoven et al. (53) and Bertelsen et al. (54), specify the need for sport-specific, or 
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in this case occupation-specific, models to better contextualise variables specific to a given 

population.  

Another method to assist in identifying and understanding the impact of key variables, is the use 

directed acyclic graphs (DAGs). DAGs have previously been proposed for use in epidemiological 

research to better understand the contribution on a variety of variables on a specific outcome 

using a visual graph (338-341). This graph allows researchers to propose and understand the 

potential relationships, assisting in the planning phase for data collection and analysis by pre-

emptively identifying variables that are causing a direct or indirect effect, or acting as a 

confounding variable (338-341). A DAG analysing the potential relationship between TL and 

injury has been proposed by Wang et al (110) (Figure 26). This can be customised for various 

occupations, allowing researchers to account for various contextual factors that may vary 

between or within various tactical populations, identifying potential causal links between 

variables of interest, such as TL, and injury risk. Rules and strategies have been recommended in 

the literature concerning the construction of DAGs (338, 340, 341). However, there is some 

difference of opinion within epidemiological research as to the nature of classification of 

variables and design of DAGs (338, 341). Nevertheless, DAGs may be able to improve the ability 

of researchers to establish a causal link between variables and injury risk.  

Figure 27. Theoretical causal directed acyclic graph showing the relationship between load and injury over time (t).  

 
Injury at time k (tk) is caused by loads at tk-1, tk-2, tk-3, or a combination of them. There are also common causes (C) of 

loads and/or injury. Injury also affects subsequent loads, which may cause subsequent injury. Figure and caption 

reproduced with permission from Wang et al. (110). 

 

This body of work would have benefited from the inclusion of DAGs. The use of DAGs would 

have assisted identification of key variables impacting injury risk and helped with the creation of 

a formal conceptual framework but should not be done retrospectively. Noting that the growth of 

DAGs outside of epidemiology and ecology recently, the author was not aware of these methods 
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during the start of this project and these concepts are be used prior to data collection, not 

retrospectively. Though this represents a limitation in the current thesis, inclusion of these 

concepts represents an opportunity for growth in this area. Future research within the tactical 

populations can utilise these graphs as theoretical backgrounds to inform models that are specific 

to the demands of the various tactical populations. After the identification of influencing 

variables and collection of data it is necessary that researchers employ appropriate statistical 

analysis to examine potential relationships between these variables and injuries. Employing the 

right statistical methods can further strengthen the identification of these causal relationships. 

Statistical Methods to Measure the Impact of Training Load Variables 

on Injury Risk  

Studying the relationship between TL and injury risk introduces complexity into statistical 

analysis through time-varying exposures and outcomes. For example, an individual’s TL may 

lead to aches or pains that do not directly lead to an injury but predispose them to injury or result 

in adjustments in TL during the following week (110). The past exposure of TL may affect the 

outcome (injury) or exposure (future TL) (110). Similarly, injury is a time-varying outcome with 

individuals being able to fluctuate between states of injury (i.e., no injury, minor, moderate, or 

severe injury) or experience multiple injuries over time (50, 51). Certain statistical methods (e.g., 

logistic regression) do not adequately account for these time-varying factors (50, 51). Despite 

this, the majority of studies that have analysed TL and injury have used these methods, 

potentially due to a lack of knowledge of other statistical analysis (50, 51). Methods to analyse 

time-varying factors, often described as time-to-event, are discussed briefly below to provide 

additional tools to measure the relationship between TL and injury risk.   

Two of the more common methods of time-to-event analysis are the Cox proportional hazards 

regression model and generalised linear model, also termed pseudo-observation method (48). 

Both methods can analyse one or more time-varying exposures and a time-varying outcome (48, 

50). One difference between the two tests is that the pseudo-observation method requires two 

time points to be selected and justified a priori, while the Cox proportional hazards regression 

model only requires one estimate, as any difference is calculated across all time points (48). 

Lastly, the measure of association produced by each test differs with the Cox regression 

producing a hazard rate ratio (provides information on the number of injuries divided by the 
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exposure time) while the pseudo-observation method calculates an injury proportion (number of 

injuries divided by the number of participants (48).  Readers are directed to a series of articles 

published by Nielsen and colleagues for further information these statistical methods and which 

may be more appropriate for their proposed question (48, 50, 51).  

Other methods to address time-varying events and outcomes is the use of g-method statistical 

analysis, which accounts for time-varying confounding (52, 342), or generalised estimating 

equations, random effects models, or multilevel regression approaches (as seen in Chapter IX) 

which can analyse data based on repeated measures (51). Lastly, one of the requirements Cox 

regression and pseudo-observation is the need for large number of injuries, especially if analysing 

a large number of variables or outcomes (50).  The use of agent-based simulation may be able to 

overcome this as real-world data (such as sex, diet, age, TL) can be assigned to simulated data 

allowing for modelling of hundreds to thousands of personnel (50, 343). As this modelling is 

simulated it will be based on subject matter knowledge and other empirical findings, and any 

theoretical mechanisms will need to be described in detail for evaluation (50). 

The methods discussed are generally complex and may require collaboration with a statistician 

for effective implementation. The understanding and inference of these analyses can also be 

complex, potentially requiring further collaboration with statisticians or those knowledgeable in 

these areas. Current research in this field is limited by its statistical analysis as well as study 

design (with a focus on observational or retrospective studies rather than randomised control 

trials or ecological study designs) (48, 49). The complex analyses described in this chapter 

represent potential, and useful, options for researchers that may limit the impact of confounding 

and improve the strength of a causal relationship. The use of these methodologies can improve 

understanding around the complex and multifactorial processes that lead to injury, leading to 

more open acknowledgement regarding uncertainty and accurate understandings of specific 

variables can impact an individual’s risk of injury (48). These improvements in accuracy and 

uncertainty will improve the current evidence of injury risk and intervention, ultimately 

benefiting practitioners and populations of interest.  

Combining these models within conceptual frameworks that account for individual contextual 

factors and the physiological basis leading to injuries may lead to more robust and specific injury 

mitigation strategies. A conceptually sound framework is also necessary to ensure stringent data 
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collection, as proper statistical analysis can be limited by inadequate data. Thus, a comprehensive 

understanding of variables involved in the outcome sought is required and reliable data collection 

conducted. While improving statistical analysis may lead to more robust results it is still 

imperative that research is effectively disseminated to the target populations so that useful 

findings can be implemented. 

Transition from Research to Practice 

A key step for researchers is the translation of research outcomes into clinical practice. It is 

commonly quoted that it takes 17 years for to translate research into clinical practice, though this 

number is attributed to all medical fields including drug trials (344). Four methods for this 

translation have been described by Naylor (345). These methods represent a timeline as 

shortcomings with the proposed methods have been acknowledged and lead to the proposition of 

new means of translation. The first method is the belief that scientific research will passively 

diffuse into clinical practice and it is up to individual clinicians to critically appraise and apply 

the appropriate research (345). The second strategy acknowledges that clinicians are unable to 

keep track of all new studies that have been published and proposes the use of clinical guidelines 

(345). These guidelines consist of systematic reviews of the literature where outcomes are graded 

by their strength of evidence and then disseminated with the idea that clinicians will read and 

apply these findings to their practice. The next methodology focused more on active 

implementation rather than passive diffusion (345). This relies on measuring clinical outcomes 

and the cost of substandard clinical practice to organisations and patients (345). Lastly, the 

current strategy is focused on developing tools to allow clinicians and patients to effectively 

assimilate up-to-date information (345). A key aspect of this last strategy is the focus on 

changing a clinician’s behaviour. It was found that one-off events or dissemination of 

information did little to influence a clinician’s behaviour (346, 347), and the most effective 

model was a multifaceted approach that identified barriers to change, sought leaders in the 

community, and addressed specific gaps in clinical knowledge (346, 347). 

The program of work presented in this thesis, provides an example of approaches and challenges 

faced with research dissemination. Currently the studies of this thesis are planned to be submitted 

to peer-reviewed journals and conferences for dissemination, a process which can take up to two 

years when considering submission time, finding reviewers, review time, authors responding to 
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reviewer’s feedback, re-review before typesetting, proof reading and then allocation to the 

journal publication printing schedule – under the assumption that the study falls into the area of 

interest for the journal and the article does not require reformatting for another journal and then a 

return to the entire cycle. Findings from this project will also be (and were) presented at 

international conferences (which may be held one to two years after the completion of the work) 

and as a report limited to the law enforcement academy studied, outlining findings and further 

recommendations. As noted by the above paragraph these strategies are not likely to be the most 

effective in spurring change. One reason these strategies may not be effective is the target 

population of these dissemination methods, which is predominantly academics. Publishing 

research and information to media that is less scientific and of interest to practitioners may be a 

more effective strategy. Examples could be, depending on target population, the Tactical Strength 

and Conditioning Report (published by the NSCA), Police Chief Magazine, or Australian Army 

Newspaper. Attending and presenting at conferences that are more open to those working in the 

field, such as the International Association of Chiefs of Police Conference, may also be a valid 

strategy. While it is imperative that researchers implement optimal study designs and statistical 

analysis to effectively answers their questions, it is also vital for them to ensure proper 

dissemination strategies are produced to allow for efficient translation to clinical practice. These 

are complex challenges that will require working with industry leaders to identify a multifaceted 

approach that is specific to the challenges associated with tactical populations. The identification 

of effective strategies specific to these populations will likely result in more effective translation 

from research into the clinical realm, ensuring research findings are being used.   

Conclusion 

Currently, significant barriers exist in the implementation of individualised monitoring in tactical 

populations including those which are financial and human resource based. Future research is 

needed to overcome these barriers and ensure individualised monitoring programs are utilised 

effectively. While individualised monitoring may not be practical in certain tactical populations 

at this stage, there are potential options to ensure an optimal TL within these unique populations. 

Implementing population-specific periodised strength and conditioning programs (informed by 

TL determined from a desktop analysis) may ensure that TL is progressed optimally with the 

development of occupation-specific skills and physiological characteristics. The addition of ABT 
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can assist in accounting for individual variability, ensuring that recruits are training at an 

appropriate level, reducing injury risk, and developing physical fitness. Achieving this balance 

between too high and too low of a TL is vital to maintaining a healthy and fit workforce. Lastly, 

introducing a variety of training methods may be an effective way to limit the overall load from 

one variable. For example, the use of sprint training, cycling, or swimming may be effective 

means to improve aerobic fitness while limiting the distance covered using long distance runs and 

their associated ground reaction forces. Researchers can employ more robust methods that link a 

causal relationship between TL, and other factors, to injury risk potentially improving injury 

mitigation strategies, noting that these methods are difficult to implement and may require help 

from a statistician. After the application of robust research methods, it is imperative for 

researchers to actively disseminate their findings to bring about practical changes in the 

occupations. However, optimal dissemination strategies for given populations do require further 

investigation.  
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Chapter XII 

Thesis Summation, Key Findings, 

Limitations and Recommendations 
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Thesis Summation 

The aim of the program of research reported in this thesis was to investigate relationships 

between training load (TL), fitness, and injuries in a tactical population. The beginning of this 

project consisted of a narrative review (Chapter III) that explored tactical populations, 

particularly their occupational demands and the injuries they experience. The concept of 

optimising TL was introduced and how this has been implemented in athletic populations. The 

overarching theme from the narrative review proposed that, while there are significant differences 

between athletic and tactical populations, the injuries and physical demands present in tactical 

populations may be able to be positively impacted by optimising TL through the use of methods 

such as the Acute:Chronic Workload Ratio (ACWR).  

The next step of this program of research consisted of a systematic review (Chapter IV) that 

aimed to explore relationships between the ACWR and its relationship to injury risk. The results 

of the systematic review found that there were significant relationships between the ACWR, and 

injury risk reported in the literature. However, there was high variability between the studies, 

both in their methodology and results. During the undertaking of this thesis, further research had 

been published highlighting flaws and shortcomings of the ACWR. These flaws were briefly 

identified in the initial systematic review and are further explored in Chapter V. Thus, while the 

ACWR has become a popular tool to measure TL, the current literature suggests caution should 

be exercised when using this tool clinically and adjusting TL based purely on this concept should 

be discouraged at this time. Future research will need to be conducted to address these 

shortcomings before those working within tactical populations begin implement this 

methodology.   

To further study the impact of TL and injuries in tactical population, five studies were undertaken 

within a law enforcement recruit population. The first study (Chapter VI) consisted of a profile of 

TL which highlighted a large increase in distance covered during the beginning stages of the 

academy training period immediately after joining. This TL remains relatively consistent for 

most of the academy program, before decreasing. The profile results in two main outcomes. First, 

the sudden increase in distance covered at the beginning of the program may be increasing injury 

risk in this population. These large increases, being early in the program, are not captured by the 

ACWR, highlighting one of its limitations, and necessitating other methods of tracking TL. 
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Second, the decrease in distance and physical training hours towards the end of the program may 

not be providing enough stimulus to maintain fitness and skill levels prior to entering the 

workforce. Optimising the TL during these two periods may be able to mitigate these effects by 

reducing injury risk in the early stages of the program and maintaining fitness improvements 

upon graduation.   

For the second study (Chapter VII), a profile of fitness changes during the academy was 

undertaken. An optimal TL can not only reduce injury risk but result in greater improvements in 

fitness. This is essential in a law enforcement population due to the importance of physical 

fitness, not only to occupational performance, but long-term health. This study showed that, as a 

group, recruits were able to significantly improve their fitness during the course of the academy. 

However, improvements were greater, as measured by effect size, in areas of aerobic fitness and 

muscle endurance than in anaerobic measures of fitness such as muscular strength and power. 

These anaerobic measures of fitness are crucial to law enforcement and have been related to 

occupational tasks in previous research (10, 11). An optimal training program not only ensures 

that TL is sufficient, but that the training modality is appropriate as well. As such, while there are 

gains made in aerobic fitness and muscle endurance, the anaerobic conditioning TL may not be 

sufficient to lead to positive adaptation of these measures.  

The third study in this program of research (Chapter VIII) aimed to profile the typical injuries 

suffered by this population to ensure evidence-based recommendations are made for their 

reduction and to serve as means of triangulation of research findings between TL and fitness 

changes later in the thesis. It was found that recruits typically suffered lower limb injuries that 

were musculoskeletal in nature, often occurring during physical training and defensive tactics. 

These large amount of lower limb injuries was likely caused by overloading of the lower limbs, 

and potentially related to the significant increases in distance covered (i.e., TL) during the 

beginning of academy. The profile of these injuries closely resembles what is seen in military 

recruit populations, where TL optimisation has been proposed as potential mitigation strategy 

(23). Previous research in military populations has also shown decreases in injury risk by 

decreasing the total distance run, with no significant difference in fitness improvements (30, 

220).With this injury profile, adjusting the physical training program, especially the distance 

covered, may be a valid strategy to reduce injuries. Altering the program to contain other training 
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methods such as interval training, sprint training, or swimming (if access to a pool) can provide 

other options to improve aerobic fitness, reduce the number of kilometres travelled, and limit the 

repetitive stress experienced by a particular body part. The addition of weight training can be 

another option for physical training and should be utilised due to the importance of anaerobic 

fitness, strength, speed, and power in these populations – noted in the research reported in 

Chapter VII as being lacking. These adjustments can be combined within a program-induced 

cumulative overload (PICO) framework where other physically demanding activities, such as 

skills training or defensive tactics, are accounted for, with aim of utilising a balanced workload to 

minimise injury risk while being adequate to improve fitness.  

The fourth study (Chapter IX) consisted of an investigation into TL and injury risk to understand 

how these two factors may be related. It was found that, as proposed in the previously in Chapter 

VIII, larger distances covered resulted in greater risk of injury, especially for female recruits and 

during the beginning stages of the academy program. This finding is understandable given the 

previous chapters showing significant increases in distance covered during the beginning stages 

of the academy (Chapter VI), and a large number of lower limb injuries over the same period 

(Chapter VIII). Specifically, in this population, distances greater than 30 km are likely to lead to 

higher rates of injury with no clear benefit to fitness. As mentioned previously, research in 

tactical populations has shown similar fitness improvements with shorter distances travelled (30, 

220). To reduce the distances covered and ensure fitness improvement, academy staff can utilise 

interval training, which is shown to reduce injury rates in a similar population of military recruits 

(295, 296), or cross-training to limit overtraining of specific body structures (297).  

Previous research has shown that female personnel serving in tactical populations may be at a 

higher risk of injury, not necessarily because of their biological sex, but potentially due to having 

lower fitness levels than male personnel, and being required to work at a higher relative intensity 

compared to the majority of male recruits (253-255, 258). Improving physical fitness in female 

recruits may lead to a lower injury risk for this group. Additionally, the implementation of 

ability-based training (ABT) may ensure that recruits with lower levels of fitness undergo a more 

appropriate TL. This could be used to limit the total distance travelled by ensuring suitable 

distances are chosen based on recruit fitness level. Lastly, ABT ensures that the more fit recruits 
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are given a workload that is sufficient to improve their fitness levels, leading to a more optimal 

balance between decreased injury risk and fitness improvement.   

Chapter X aimed to investigate fitness improvements in recruits across various initial fitness 

levels and compare how different areas of fitness (e.g., aerobic and strength) improved in 

recruits. In this chapter, recruits were split into quintiles based on their initial fitness test. This 

academy, as is common in most tactical populations, provides a generic, “one size fits no one” 

TL, training program due to limited time, staffing and resources. Given the variability of initial 

fitness levels, this global TL programming may result in overtraining for those with lower fitness 

levels and be under training recruits with higher fitness levels. The results of this study found this 

to be the case with higher fitness recruits undergoing insufficient stimulus and therefore did 

experience as great of fitness improvements compared to their less fit peers. As per the previous 

fitness profile, anaerobic measures did not improve as greatly as aerobic measures, particularly in 

the more fit groups. The addition of ABT and weight training programs may not only lead to a 

more optimal TL with lower incidence of injury, through the minimisation of long-distance 

running, but also build a more well-rounded fitness profile that relates to the demands of the 

occupation. 

Though individualised load monitoring has the potential to result in more optimal workloads, 

there are barriers to implementing this type of program in tactical populations. When compared 

to sport teams, tactical populations have a great number of individuals to monitor and a lower 

staff to trainee ratio. These staff members will also have varying backgrounds in load 

management technology and exercise and sports science, if any. These barriers limit the 

implementation of this type of load monitoring when it comes to the academy training of general 

tactical populations. However, special operation groups (which often have better funding and 

lower number of participants) may be a more suitable population for this strategy. While 

individualised load monitoring may be difficult to implement at this time, due to the significant 

financial and human resource costs, tactical populations can optimise TL using both population-

specific periodisation and ability-based training programs, both of which aim to ensure optimal 

TL and recovery. Population-specific periodisation, informed through a desktop analysis to 

determine some TL variables, notably distance, and key periods of injury risk, involves the care 

and strategic manipulation of training variables to optimise conditioning outcomes. While 
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difficult to implement in operational units, where a distinct time period is not clear (i.e., career 

long), this approach would be useful in training units where time periods for training and the 

overarching recruit training program is typically standardised. ABT provides a further means of 

optimising TL at an individual level, whereby individual recruit fitness levels are accounted for 

to allow for TL that are appropriate for difference fitness levels.  

Load monitoring and optimisation is an important practice to implement within tactical 

populations, and concepts such as individualised load monitoring (through the use GPS units or 

heart rate monitors) and ACWR are different methods to achieve this goal. The implementation 

of the ACWR should not be strongly recommended in this population and individualised load 

monitoring may have significant barriers, but other methods of training load optimisation can be 

implemented. Utilising population-specific periodisation, informed by desktop analysis of the 

training program and agency injury profile, that is implemented through ABT, can provide recruit 

TLs that are specific to their capabilities and abilities, in turn mitigating injury risk while 

improving physical fitness. The hiring of professionals educated in these methods may be one 

potential solution for tactical populations. Another solution is to upskill current staff members 

that are overseeing the physical training programs on the benefits of these concepts and how they 

can effectively be implemented. Certain education programs, such as the Tactical Strength and 

Conditioning Facilitator (TSAC-F) course sponsored by the National Strength and Conditioning, 

are possible avenues for this upskilling. Additionally, future research into the benefits of these 

programs and effective translation to these populations will be vital. 

Key Findings 

Overall, the program of research reported in this thesis highlights several key findings. First, 

recruits in this law enforcement population see a large increase in the distance covered during the 

early stages of the academy. This same time period also sees the highest number of injuries, that 

commonly affect the lower limb and are soft tissue in nature. While recruits are able to increase 

their physical fitness during the academy, they are likely to see greater improvements in aerobic 

and muscle endurance measures of fitness. Recruits with lower levels of fitness were more likely 

to see greater improvements over the course of the academy than their more fit counterparts. This 

finding could be due to the more fit recruits undergoing an insufficient training stimulus to 

adequately develop fitness. Given the large increases in distance and injuries during the early 
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stages of the academy, it is unsurprising that the research reported in this thesis found a 

significant link between week of training and distance covered with injury risk. Specific to this 

academy population, distances over 30 km led to higher risk of injury and should be avoided. 

Barriers exist to implementing individualised load monitoring programs, but the use of 

periodisation and ability-based training are current practices that can be implemented. Future 

research will be needed to identify if interval training and strength training programs adequately 

lower distance while still sufficiently improving fitness. These studies should also incorporate 

internal load variables as well as appropriate statistical analysis to make causal links.      

This body of work shows that the optimisation of training load for individuals of different 

training abilities would likely be beneficial, by ensuring a balanced workload that enhances 

fitness development without an excessive increase in injury risk. A more optimal TL, guided by 

population-specific periodisation and ABT, can lead to fitter and healthier personnel.  

Transferability of Findings 

While a law enforcement academy was the focal point of this program of research, the concepts 

introduced throughout this thesis can be applied across other tactical populations. It is necessary 

to recognise that that the occupational demands differ not only between populations, but within 

them as well. Law enforcement officers engage in long periods of sedentary behaviour (e.g., 

sitting in a patrol car) interspersed with periods of highly demanding physical activity often in 

combination with resistant suspects (1). Meanwhile military personnel often carry significantly 

heavier loads (> 45 kg) (6), while firefighters encounter various environmental hazards (59). 

These occupational demands will also differ within a set tactical population. A recruit 

experiences high amounts of physical and mental stress but in a controlled environment when 

compared to the unpredictable nature of a general duties officer, while special operations group 

engage in unique occupational tasks (e.g., responding to riots and active shooters (178)) and carry 

heavier loads (40 kg (9) compared to 10 kg in general duty officers (183)).  

Despite these differences TL can be monitored and optimised for each population. The term 

population-specific periodisation has been emphasised throughout this body of work, in part to 

highlight the importance of these differences. It is not sufficient to build a periodised program 

that can be implemented without accounting for the local context. It is vital that the program is 
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designed to develop the qualities and skills that are crucial to success in the target population 

while accounting for the various training modalities to avoid PICO. A report for the Australian 

Army found that demands differ greatly across service branches and their academies (e.g., stairs, 

distances to march, loads lifted) (194). These differences represent varying levels of TL that each 

population would experience. Therefore, if a program is implemented across all service branches, 

it would suffer without local contextualisation. The recommendations made in this body of work 

(adaptation of population-specific periodisation, ABT, and improving personnel knowledge) are 

concepts that can be administered across multiple populations. Population-specific periodisation 

inherently relies on local context, while ABT, when administered correctly, can be adjusted 

depending on population at hand. Furthermore, improving staff knowledge will teach the key 

underpinnings of strength and conditioning and allow for informed and evidence-based 

adjustments to physical training programs. These features can result in more optimal TL, 

potentially leading to greater improvements in fitness across the fitness spectrum, and decreased 

risk of injury.     

Limitations 

There are limitations present in this program of research. The ability to utilise GPS and heart rate 

technology over the course of the whole academy would have provided a greater scope of 

information as well as an internal measure of TL. This is important as the internal measure would 

provide a measure of how recruits are tolerating the proposed external TLs. The use of GPS and 

heart rate devices would have also provided a more individualised TL that may have more 

resulted in a more accurate picture of the academy program and relationship between TL and 

injury risk. However, as mentioned throughout this thesis, this may not be a feasible practice for 

ongoing load monitoring in tactical populations. Therefore, currently, a desktop analysis remains 

a more pragmatic and viable option to monitor TL. Secondly, this thesis did not provide research 

where an intervention was introduced (e.g., population-specific periodisation or ability-based 

training). Comparing the injury rates and fitness improvements between the recommended 

changes and current practices will be vital to understanding how TL can be practically optimised 

within the context of tactical personnel.  

Limitations are also present regarding the injury and fitness data. These have been discussed in 

their respective chapters (Chapter VII for injuries and Chapters VII and X for fitness). To 
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summarise, previous research has shown that the methodology used to collect injury data in this 

thesis (provided from a workplace database) may result in underreporting of injuries (245, 268). 

Secondly, the free-text narrative was often incomplete with breaks occurring in the middle of a 

sentence. This resulted in a lack of clarifying information, which may have affected both the 

nature and activity being performed at time of injury. With regards to the fitness data, one 

limitation is not having specific tests for measures of muscular strength or power. Though the 

occupational tasks assessed in the Work Sample Test Battery utilise these qualities, having 

specific tests would provide further clarity on the changes in strength and power during the 

academy. Different statistical methods could have been implemented that would improve the 

strength of findings, with Chapter IX serving as an example of a more complex analysis that 

served to improve inferences. The addition of DAGs could have improved the conceptual 

framework, data analysis, and inferences in this thesis (such as Chapter VI). More complex 

statistical analysis in Chapters VII and X could account for responder/non-responders as well as 

controlling for the limitations of adjusting a continuous variable into discrete categories (as 

discussed in Chapter V). While the analysis conducted in this thesis was appropriate, these 

limitations serve as opportunities for further growth in this field of research, allowing for stronger 

inferences and improved benefits to tactical populations.    

Recommendations 

Based on the findings of this body of work, a hierarchy of recommendations is made for tactical 

organisations looking to reduce injury risk in their programs. These recommendations are termed 

essential, recommended, and desirable, each representing various options to be implemented.  

Essential 

• Tactical programs implement periodisation and ability-based concepts to their physical 

training programs, providing greater structure and a more individualised training load. 

These concepts can execute a more balanced training load and help locate an equilibrium 

between a load that is too high with an excessive injury risk, and a load that is too low to 

adequately develop fitness, and consequently increase injury risk.  
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• Each training staff (e.g., range staff, defensive tactics staff, and physical training staff) 

must work together and communicate the demands of their scheduled training to avoid 

instances of PICO.  

• Combining these factors can assist in moving away from a “one size fits no one” 

approach, leading to a more optimal training load across all facets and activities of 

training. 

Recommended 

• Tactical populations engage in a level of load monitoring over the course of the academy 

or training program. This does not need to be done with GPS units and similar technology 

but can be accomplished through desktop analysis focusing on variables that staff can 

reasonably control, such as total distance. This will ensure ongoing tracking of training 

load and allow for adjustments between classes to ensure a dynamic and improving 

physical training program.  

• Upskilling of staff through use of courses such as TSAC-F as a gain in knowledge of the 

underlying principles in strength and conditioning would ensure that program 

recommendations are developed from the combination of occupational experience, 

theoretical knowledge, and evidence-based practices.  

• Implementing a dedicated staff to the design and adjustment of physical training programs 

may greatly benefit these populations. This would minimise other time demands (such as 

teaching courses or being a platoon leader) and allow staff to focus on optimising the 

physical training program. A dedicated and upskilled staff could also work to teach 

recruits about life-long fitness, ensuring that the fitness improvements made during the 

academy can continue throughout their career.  

Desirable 

• Physical training staff would employ or upskill individuals to a Bachelor’s level of 

Exercise and Sport Science or Strength and Conditioning, certifying sufficient expertise in 

the adjustment of physical training program.  
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• A dedicated staff of this nature may the adequate resources be able implement 

individualised load monitoring using subjective and objective measures of external and 

internal load.  

• These recommendations may be more applicable in populations that can allocate adequate 

fundings, such as elite tactical units, that have a smaller number of personnel and engage 

in year-round training 
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Appendix 1.0 Systematic Review Poster Presentation 
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Appendix 2.0 Fitness of Recruits Poster Presentation 
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Appendix 3.0 Participant Information Sheet 

 

 

 

 

 

 

 

 

PARTICIPANT INFORMATION SHEET 

 

Title: Tracking Training Load and Its Relation to Injury Risk in a Tactical Population 

Ethics: HSR-17-0037 Relationships between demographic, anthropomorphic, testing, and 

training data with injury and performance in the LASD 

 

Researchers: Danny Maupin PhD Candidate Bond University Faculty of Health Sciences and 

Medicine 

Email: dmaupin@bond.edu.au Phone: 07 5595 4448 

Dr Rob Orr Associate Professor of Physiotherapy & Lead Tactical Research Unit Bond Institute 

of Health & Sport Bond University QLD 4229 

Email: rorr@bond.edu.au Phone 07 5595 4448 

Dr Ben Schram Assistant Professor of Physiotherapy, Tactical Research Unit, Bond Institute of 

Health & Sport Bond University QLD 4229 

Email: bschram@bond.edu.au Phone 07 5595 5828 

Introduction 

You are invited to participate in observational research that is exploring recruit and staff training 

load and its relation to injury risk. You are being invited because you are currently undergoing 
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recruit training or are a staff member overseeing recruit training. This information sheet tells you 

about the research being undertaken. It explains the processes involved with taking part. 

Knowing what is involved will help you decide if you want to take part in the research. Please 

read the information carefully. Ask questions about anything you don’t understand or want to 

know more about. 

Participation in this research is entirely voluntary; there is no obligation to take part in the 

research and if you choose not to participate there will be no detriment to your career. 

If you decide you want to take part in the research, please sign the attached consent form. You 

will be able to keep the Participation Information sheet to refer to. 

Brief Description of the Study 

Training load has previously been related to injury risk, particularly in sport. Information 

gathered from Polar Team Pro devices (currently employed by the law enforcement academy) 

will collect data regarding training load, as well as a Rating of Perceived Exertion Scale being 

completed at the end of each day. This process will last for 4 weeks.  

 

What does participation in the research involve? 

Individuals will be assigned a Polar Team Pro device at the beginning of each day. This data will 

then be compared to the training plans constructed by the training academy. Rating of Perceived 

Exertion scores will also be collected at the end of each day to further evaluate the stress and 

overall training load being undertaken. It is estimated that this data will take no more than 10 

minutes per day to collect. 

The law enforcement academy currently employs the Polar Team Pro devices to monitor recruits 

in real time. These devices collect information such as distance travelled, heart rate, and speed. 

This information can then be collected from the devices. By consenting to this research, you are 

giving the research team permission to access the information from the devices currently being 

used.  

This information will not impact your ability to pass recruit training. All information will be 

securely stored on a research database and will not be linked you or use any of your personal 

information. All data will be de-identified. 

Benefits 

We cannot guarantee or promise any direct benefits to you from this research. The aim of this 

research is to see if recruit or staff training load can be optimized to decrease risk of injury and 
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maximize performance. Future recruit or staff members may benefit from a more optimal training 

load. 

Risks 

As these devices are already being used by the training academy, there are minimal risks to 

participating in this research. The main risk by participating in this research project is being 

identified by the data collected the Polar Team Pro units and accessed by the research team. The 

research team takes these risks seriously. At the end of each day, the data collected from the Polar 

Team Pro units will be matched to your Rating of Perceived Exertion score. At this point all data 

will then be de-identified, with all personal information linking individuals to data collected 

being removed, as well as any paper or hard copies being shredded. This information will then be 

stored securely on a password protected Bond University computer system. Only the research 

team will have access to this information. This information will then be stored for 5 years as per 

University protocol before being securely deleted. This information may be used in future 

analysis to answer the proposed questions in greater detail. 

Only aggregated, or group data, is kept and reported. No data relating the information to any 

individual will be stored. No data containing personal details will be recorded or passed on to the 

to your department. This information will not in any way impact on your ability to complete 

recruit training or your future career.  

Ethics 

Ethical approval has been sought and approved by under Bond University Human Research 

Ethics Committee and Institution Review Board Under 16-178: Physiological Monitoring and 

Performance Assessment of Highway Patrol Officers During Occupational Simulations Training. 

Withdrawal 

Please note that if you choose, you may withdraw from this research at any point. Any 

information previously collected and de-identified will still be used for research. Withdrawing 

from this project does not impact your career or your ability to complete recruit training. 

Dissemination of Research 

It is anticipated that a technical report of this research will be sent to the Los Angeles Sheriff’s 

Department upon completion. Other parts of this research will be published in peer-review 

journals and presented at conferences (containing only aggregate, or group, data and non-

identifiable). Participants wishing access to published information can email any of the above 

research team, but please note it may take some years before publication in a journal. 
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Organization and Funding of Research 

This research is being organized as part of a PhD program for Mr. Maupin. He is being supported 

by Australian Government Research Training Program Scholarship which covers tuition costs. 

No other funding or financial benefit will occur to the University or researchers from your 

participation.  

Concerns and Complaints 

If you have any concerns or complaints, please do not hesitate to contact one of the research 

members above.  
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Appendix 4.0 Informed Consent 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
               

 

PARTICIPANT CONSENT FORM 

Ethics: HSR-17-0037 Relationships between demographic, anthropomorphic, testing, and 

training data with injury and performance in the LASD 

 

Researchers: Danny Maupin, Dr Rob Orr, & Dr Ben Schram 

 

Participant Consent Form 

I have read the Participant Information Sheet and I understand the nature of the study I am 

consenting to participate in. I confirm that I have no known health condition that might place me 

at increased risk during the course of the activities to be undertaken in the research. I understand 

that my personal results will be treated with strictest confidence and no findings which could 

identify any individual participant will be published. Only de-identified aggregated data is to be 

reported from this study.  

I also understand that my participation is voluntary; that I can choose not to participate in part or 

all of the project, and that I can withdraw freely at any stage of the project without penalty. 

I consent to participate in the investigation into the impact of training load on injury risk and fitness. 

I have read the attached Participant Explanatory Statement, and I am willing to participate. 
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Name:         (please print) 

 

Signature:      Date:     
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Appendix 5.0 Circuit Training Example 
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Appendix 6.0 Results of Chapter VI Linear Model 

Week Comparison Difference (m) p-value Week Comparison Difference (m) p-value 

1 2 9648.97 < 0.01 10 11 133.21 1 
 3 9640.3 < 0.01  12 553.79 1 
 4 11648.48 < 0.01  13 1831.76 1 
 5 9689.17 < 0.01  14 3294.5 0.99 
 6 10069.68 < 0.01  15 5027.52 0.8 
 7 7511.02 0.95  16 1682.61 1 

2 3 -8.67 1 11 12 -779.43 1 
 4 1999.5 1  13 498.54 1 
 5 40.2 1  14 1961.29 1 
 6 420.71 1  15 349.39 0.99 
 7 -2137.95 1  16 3694.3 1 
 8 -4415.36 0.93  17 2722.69 0.99 

3 4 2008.173 1 12 13 1277.97 1 
 5 48.87 1  14 2740.72 0.99 
 6 429.38 1  15 4473.73 0.92 
 7 -2129.29 1  16 1128.82 1 
 8 -4406.69 0.93  17 3502.12 0.99 
 9 -2590.97 0.99  18 -4488.14 0.92 

4 5 -1959.31 1 13 14 1462.74 1 
 6 -1578.8 1  15 3195.76 0.99 
 7 -4137.46 0.96  16 -149.15 1 
 8 -6414.87 0.33  17 2224.15 1 
 9 -4599.15 0.9  18 -5766.11 0.55 
 10 -4934.92 0.82  19 -2685.52 0.99 

5 6 380.51 1 14 15 1733.02 1 
 7 -2178.15 1  16 -1611.9 1 
 8 -4455.56 0.93  17 761.4 1 
 9 -2639.84 0.99  18 -7228.85 1 
 10 -2984.62 0.99  19 -4148.37 0.14 
 11 -1651.4 1  20 -3458.58 0.96 

6 7 -2558.66 1 15 16 -3344.91 0.99 
 8 -4836.07 0.85  17 -971.611 1 
 9 -3020.35 0.99  18 -8961.87 < 0.01 
 10 -3365.13 0.99  19 -5881.38 0.51 
 11 -2031.91 1  20 -5191.59 0.75 
 12 -2811.34 0.99  21 -13163.96 < 0.01 

7 8 -2277.41 1 16 17 2373.3 1 
 9 -461.69 1  18 -5616.96 0.61 
 10 -806.46 1  19 -2536.47 1 
 11 526.75 1  20 -1846.68 1 
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 12 -252.68 1  21 -9819.05 < 0.01 
 13 1025.29 1  22 -9693.09 < 0.01 

8 9 1815.72 1 17 18 -7990.26 0.049 
 10 1470.94 1  19 -4909.77 0.83 
 11 2804.16 0.99  20 -4219.98 0.96 
 12 2024.73 1  21 -12192.35 < 0.01 
 13 3302.7 0.99  22 -12066.39 < 0.01 
 14 4765.45 0.87 18 19 3080.49 0.99 

9 10 -344.78 1  20 3770.27 0.99 
 11 988.4 1  21 -4202.09 0.97 
 12 209.01 1  22 -4076.13 0.98 
 13 1486.98 1 19 20 689.79 1 
 14 2949.73 0.99  21 -7282.58 0.18 
 15 4682.74 0.88  22 -7156.62 0.21 
    20 21 -7972.38 0.08 
     22 -7846.41 0.09 
    21 22 125.96 1 
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  Appendix 7.0 Model Building Process for Chapter IX 

Model 1 Results 

Injury as predicted by distance 

Variables AIC BIC Chi-squared p-value 

Baseline 915.83 930.59   

Distance 893.09 915.22 24.746 6.42e-07 

 

Model 2 Results 

Injury as predicted by distance and week of training 

Variables AIC BIC Chi-squared p-value 

Baseline 915.83 930.59   

Distance 893.09 915.22 24.746 6.42e-07 

Week of Training 886.61 916.12 8.848 0.0036 

 

Final Model Results 

Injury as predicted by distance, week of training, and sex (male) 

Variables AIC BIC Chi-squared p-value 

Baseline 915.83 930.59   

Distance 893.09 915.22 24.746 6.42e-07 

Week of Training 886.61 916.12 8.848 0.0036 

Sex 883.59 920.48 5.0234 0.025 
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Appendix 8.0 Model Diagnostics for Chapter IX 

Figure 28. Normal QQ plot 
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Figure 29. Adjusted QQ plot 

 
 

Figure 30 Adjusted residuals 
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Figure 31. Adjusted residuals for distance 

 
Figure 32. Adjusted residuals for week 
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Figure 33. Adjusted residuals for sex 

 

 

 


