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Chapter 1

Musculoskeletal conditions and injuries are the leading health problem in the military.1,2,3 
They place a high burden on the Defense health care system, induce productivity loss, 
cause dropout of military training, and impair military readiness.4,5 

By scrutinizing and describing the magnitude of the problem (i.e. epidemiology), 
developing algorithms to predict attrition, and evaluating the effectiveness of 
interventions to prevent musculoskeletal injuries and dropout we aim to contribute to 
developing methods to train and employ tactical professionals sustainably. 

BACKGROUND 

In the military, physical and mental fitness is fundamental to operate in military 
missions.6,7 In order to accomplish those missions, military personnel needs to be trained 
and prepared by and large, but also mission-specific. Military training takes place in 
military schools and operational units. During basic military training, recruits must 
attain, and subsequently maintain, a certain level of fitness, according to the profession 
and the type of unit they aim to join.7 

The Netherlands Ministry of Defense comprises seven organizational elements, which 
can be broken down to several military units. The Central Staff makes Defense policy. 
The four Armed Forces Services ensure that military personnel and material are 
mission-ready. Joint Support Command and the Defense Material Organization support 
the Services of the Armed Forces by providing products and services. The eligibility 
requirements (e.g. age, qualifications, and medical, moral and physical requirements) vary 
between the organizational elements. The physical requirements (i.e. physical fitness) 
needed to function in an operational unit varies according to the physical demands of the 
profession. In general, higher fitness is required in combat arms units (i.e. infantry) than 
in combat support or combat service support units.8 Physical training programs in special 
elite schools (e.g. Special Forces, Air Assault, Marine Corps, Commando Corps) accept 
freshman and service members already in good physical conditions and thenceforth 
train them at levels similar to elite sports athletes.9,10 Physical qualities such as muscular 
strength, power, and endurance are fundamental for both general health and fitness as 
well as specific military fitness.11 A big difference is, however, that operating as a tactical 
professional—especially in the infantry—not only requires high levels of fitness, but the 
costs of fitness shortcomings or injuries are also much higher for tactical professionals 
than for athletes or office workers. 

Specific military fitness includes being able to carry and transport safety equipment and 
ammunition over long distances, being maneuverable and agile regardless of the terrain, 
and possession of exceptional stamina, power and coordination.9 More specifically, the 
following nine common military tasks are identified: jumping over obstacles, moving 
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with agility, carrying heavy loads, dragging heavy loads, running long distances, moving 
quickly over short distances, climbing over obstacles, lifting heavy objects and loading 
equipment.6,11 Generally, the training in military schools is oriented toward increasing 
abovementioned physical qualities and tasks, while training in operational units is 
oriented toward maintaining fitness levels. In addition, training in operational units 
focusses on mission-specific preparation and deployment abroad. 

During basic military training, physical training, both sports-related (running, strength 
training, self-defense, climbing) and military training (i.e. combat and marching training, 
field shooting and tactical drills), accounts approximately for 40% of total time in 
training.12 Such volume of training should be optimally planned and balanced, to enable a 
soldier to develop the physical performance required for military duties. On the contrary, 
poorly planned and imbalanced training loads can substantially increase the risk for 
musculoskeletal injuries or premature discharge (i.e. dropout of training) from military 
service. To optimize training adaptations and minimize training-related injuries and 
overtraining, total training load and recovery need to be appropriate for both existing 
fitness levels as well as for the demands of the type of unit.7 

MILITARY TRAINING

Basic military training is the framework upon which all recruit training is based and 
is the entry point for the military. Military courses are designed to develop soldiering 
skills, army values and lifestyle, and create the fundament for eventually turning civilian 
recruits into operational capable military personnel. The aim of basic military training is 
the supply of soldiers trained to high standards who perform military tasks effectively 
in various situations, for the longevity of their military service.12 Although the military 
training syllabi may differ slightly across countries, in general, military training programs 
are both physically and mentally arduous by design.

The process from entry to basic military training until operational capability to support 
missions, both nationally and internationally, typically follows several sequential steps. 
Upon the introduction to military training, military competency training begins with 
learning basic military skills and social norms, through training elements such as foot 
drill, inspections, physical training, weapon training, and a graduation parade.13 The 
next step is to prepare soldiers for ‘task-specific readiness in aggravated circumstances’, 
which is generally trained in combat units. Military competences, both individual and as 
a combat unit, are thereafter ultimately expanded to ‘mission-specific combat readiness’ 
customized to the specific team in question that is commissioned to support national 
and international missions.9,14 
Several personal and contextual factors have been recognized that interact with training 
adaptations in the military, such as age, gender, training history, recovery capability, 
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sleep and nutrition, as well as environmental, psychological, and social factors.7 On top 
of that, external stress factors (i.e. prolonged physical activity while carrying heavy loads, 
negative energy- and fluid balance, and sleep deprivation) strongly influence training 
adaptations during (basic) military training.7 However, training under uncomfortable 
circumstances is also recognized to be conducive for creating the right mindset, group 
bonding, enhancing perseverance, and cooperation.15

Despite fitness requirements and guidelines, there are often considerable differences 
in personnel within the (training) units. Usually, both recruits as well as active-duty 
personnel are trained collectively in groups. Discrepancies between training load and 
individual loadability may occur if training loads are held fixed instead of flexible and 
individualized. Both undertraining and overtraining may induce sub-optimal health 
states. Inconveniences such as mobility restrictions, insufficient strength, stiffness, 
musculoskeletal conditions and injuries, but also anxiety and depression may 
subsequently occur.16 

LEADING HEALTH PROBLEM IN THE MILITARY 

Musculoskeletal injuries comprise diagnoses that affect the locomotor system; muscles, 
bones, joints and associated tissues such as tendons and ligaments. Musculoskeletal 
injuries are typically characterized by pain and limitations in mobility and functional 
capabilities, reducing people’s ability to work and participate in social roles.17 In general, 
musculoskeletal injuries are the leading contributor to disability worldwide, with low back 
pain as single leading cause of disability globally.17 Also within military organizations, 
injuries form the majority of all health problems.4 The magnitude and impact of the 
problem of musculoskeletal injuries, both in military recruits as well as in active-
duty personnel, have been recognized and described in several military populations 
previously.18,19,20,21,22,23,24,25,26 

Besides the personal inconvenience, musculoskeletal injuries in active-duty personnel 
lead to healthcare costs related to physician and physiotherapy care and, in some 
cases, medical specialist care and costs for surgical intervention.27,28,29 In addition, 
musculoskeletal injuries impair tactical professionals temporary—and in some cases 
persistently—in fulfilling their military profession, which induces productivity costs 
and at times impairs military readiness. Likewise, musculoskeletal injuries in recruits 
also lead to health care costs. In addition, these injuries are among the main reasons 
why recruits drop out of (basic) military training.30,31,32 In some cases, drop-outs opt 
for a less physically demanding profession within the military; in other cases, they opt 
for permanent withdrawal from military service. One can imagine that during training 
courses at special elite schools, where the cumulative training load is high and recruits are 
subject to several even higher external stress factors, the occurrence of musculoskeletal 
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injuries and dropout of training is (much) higher than in the more general training courses 
with relatively lower physical and mental fitness requirements.23,33,34

Cultivating military competencies, but also soldier’s mental and physical performance, 
form a crucial part of military readiness altogether. In times of deficiencies in military 
personnel, optimizing health and performance of trained servicemen but also 
professionalizing accretion both in quantity as well as quality, sustainable military 
employability deserves attention. 

“BELOW THE SURFACE”—INJURY PREVENTION 
FRAMEWORK 

In 1992, a sports injury research framework has been proposed by van Mechelen and 
colleagues, with the intention to prevent musculoskeletal injuries in athletes, which was 
updated by Finch, in 2006.35,36 This Translating Research into Injury Prevention Practice 
framework (TRIPP), is conceptualized as a series of necessary steps to take to build the 
evidence base for prevention of (any type of) sports injury. One could argue that sports 
athletes and military recruits share more differences than similarities. Yet, it is obvious 
that both populations strive to achieve high levels of physical and mental performance, 
which underpins the need to address the topics in this thesis. With the aim to contribute 
to the prevention of musculoskeletal injuries in the military and to manage the risk 
of dropout of military training, this thesis broadly follows the sequential steps of the 
TRIPP framework: Injury surveillance; establishing etiology and mechanisms; developing 
preventive measures; and scientific evaluation of those preventive measures.36 

Hereafter, we describe the structure of this research project to apply the abovementioned 
steps for injury prevention practice within military organizations. 

PART I EPIDEMIOLOGY

Why is it important to describe the epidemiology of injuries and dropout?
The first step, quantifying the magnitude and impact of musculoskeletal injuries and 
dropout of training by using high-quality injury surveillance information is imperative 
for informing all other TRIPP stages.36 Several questions come to mind, such as: How big 
is “the problem” of musculoskeletal injuries and attrition in the military? ; Which surveillance 
systems can be used to estimate injury incidence rates? ; What are the contemporary injury 
incidence rates? ; What costs result from musculoskeletal injuries? ; and; Which methods can 
be used to evaluate policy adjustments regarding injuries and dropout? The importance of 
answering these questions is also recognized by the musculoskeletal injuries research 
task group HFM-283 of the North Atlantic Treaty Organization (NATO). The specific 
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objectives of the research task group are to focus on primary preventive measures 
to reduce musculoskeletal injuries by promoting the sharing of information among 
participating nations, identifying the causes and associated risk factors for such injuries, 
to identify existing and novel strategies which may reduce the injury burden and, finally, 
to link to other on-going Science & Technology Organisation-activities.37

Currently, no epidemiological data on musculoskeletal injuries and dropout are available 
for active duty personnel and military trainees in the Netherlands Armed Forces (NAF). 
In addition to supporting national musculoskeletal injuries prevention strategies, 
country-specific epidemiologic data can be of value for improving the understanding and 
management of musculoskeletal injuries in the military internationally and to contribute 
to abovementioned NATO task group objectives. 

PART II PREDICTION 

Can we predict dropout of training, being one of the main consequences of injuries?
Prevention cannot be prompted until multifaceted approaches to demonstrate the 
mechanisms of injury and dropout patterns are available, because otherwise the specific 
focus and targets of prevention programs remain unclear. In this stage, other questions 
can come to mind, such as: Who will be successful and who drops out? ; What mechanisms 
and patterns induce an increased risk of dropout? ; Can ongoing monitoring systems be used to 
provide updated estimates of dropout risks? ; and, Can we update and improve contemporary 
monitoring systems? As mentioned, several factors are recognized as risk- or predisposing 
factors for injury and attrition in recruits.7 

We took advantage of previous etiological research and shifted attention to probabilistic 
research to predict attrition from training as sophisticated and accurately as possible. 
Probabilistic research and algorithms have the potential to inform practice in a 
quantitative way, but it requires assorted knowledge to be carried out effectively. 

PART III PREVENTION

What is the effectiveness of injury and dropout preventive strategies in the military?
TRIPP Stages three and four involve the identification of potential solutions to the injury 
problem, and development and evaluation of appropriate preventive measures.36 
Possibly, injury prevention and inhibiting the incidence rate of musculoskeletal injuries 
could lead both to a decreased burden on the health care sector and improved control 
regarding the costs, as well as to an increase of the effectiveness and efficiency of military 
training and subsequent improved military readiness.7,38 Questions that come to mind in 
this stage are: What is the effectiveness of injury preventive strategies in the military? ; Can 
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we design programs to improve performance and reduce dropout risks? ; and, What principles 
should be used to train tactical professionals in a sustainable way? 

Prevention of musculoskeletal injuries has been recognized to be constructive and useful 
in several domains, such as the work place, sports athletes and in the military.7,38,39 Both 
the effectiveness as well as the efficiency of training protocols are context dependent. In 
general, musculoskeletal injury preventive strategies can be injury specific (e.g. targeting 
anterior knee pain), or more overarching like how to manage training loads.38,40 If we 
can provide an insight in which musculoskeletal injury preventive strategies may be 
worthwhile implementing in the military, and provide considerations how soldiers can 
be trained in a sustainable way, we may be able to contribute to military fitness and 
readiness. 

OUTLINE OF THIS THESIS 

The objectives of the research in this thesis were to provide insight in epidemiologic data 
of musculoskeletal injuries and dropout of training in the Netherlands Armed Forces to 
provide insight in the magnitude of the problem (part I); make efforts to predict individual 
dropout probabilities (part II); and to evaluate which prevention interventions may be 
worth implementing in the military (part III). Ultimately this thesis aims to contribute 
to training soldiers sustainably.

Part I: ‘Epidemiology of musculoskeletal injuries and attrition’, describes the magnitude 
of the problem in terms of epidemiology and the occurrence of one of the main 
consequences of injuries in elite military recruits viz. dropout of training. In the second 
chapter of this thesis we describe the epidemiology and injury-dependent financial 
burden of musculoskeletal injuries in a representative large sample of active-duty 
personnel in the Netherlands Armed Forces. In the third chapter we describe the 
epidemiology of musculoskeletal injuries in military recruits and the impact in terms 
of dropout of elite military training (i.e. Air Assault Brigade and Marine Corps). Both 
studies were retrospective. 

Part II: ‘Predicting attrition’, focusses on developing an algorithm to predict successful 
completion or dropout of elite military training. The fourth chapter presents the 
derivation and validation of a prediction algorithm for dynamically updated estimation 
of conditional dropout probabilities for Marine recruit training, using prospectively 
collected data. In addition, studies in part II aim to pave the way for improving the 
prediction algorithm by scrutinizing the personality trait grit as a potential variable 
to update and improve the algorithm. The fifth chapter is a clinimetrics study and 
describes the psychometric qualities of a Dutch grit scale to be used in Marine recruits, as 
grit is suggested to be a potential addition to the prediction model developed in chapter 
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four. Subsequently we describe in chapter six the association between baseline grit 
levels and attrition from Marine recruit training in a prospective cohort study.

Part III: ‘Injury preventive strategies’, focusses on evaluating injury and attrition 
prevention strategies in the military. Chapter seven presents the results of a pilot cluster 
randomized controlled trial evaluating the effects of an injury and attrition preventive 
program in Air Assault military recruits. In chapter eight we present a systematic 
review of the literature including the effectives of exercise programs to reduce the risk 
of all musculoskeletal injuries in military populations generally. In chapter nine we 
address the challenges and possibilities to apply key evidence-informed principles of 
load management to minimize the risk of injury to basic military training in a brief review 
and suggest practical applications for military strength and conditioning professionals. 

Thereafter we finalize this thesis by means of a general discussion (chapter ten) and a 
summary of its contents (chapter eleven). 
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