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Chapter 10

During the training of recruits and tactical professionals in military service, military 
organizations face great challenges due to failure to complete training or reduced 
military readiness, resulting from training-related musculoskeletal injuries. This thesis 
aimed to improve the understanding of this problem and to make the first steps toward 
possible solutions. First, the extent of the problem is addressed, in terms of injury 
incidence and rates of failure to complete training (e.g. premature discharge, dropout). 
Also, injury-related costs, restricted training days and policy in caring for musculoskeletal 
injuries in recruits were described. Second, we developed and made efforts to enhance, 
a prediction algorithm to estimate individual dropout probabilities throughout military 
training. This algorithm provides military trainers with opportunities to timely adjust 
training load or help to establish the required mindset. Furthermore, we evaluated 
which injury and dropout preventive strategies described in the scientific literature 
may be worth implementing. Lastly, we discussed how the principles of training load 
management to reduce injury risk in sports can be applied in military training.

LESSONS LEARNED

The following conclusions concerning the management of musculoskeletal injuries and 
attrition from military training can be drawn based on the studies included in this thesis:

• In active-duty military personnel, the leading body regions affected by 
musculoskeletal injuries are the lower back, knee, ankle, and foot (chapter 2);

• Productivity costs of musculoskeletal injuries in active-duty personnel in our sample 
were €1.1 million for a three-year time period. When extrapolating these costs to 
the total Netherlands Armed Forces, we estimate that annual costs amount to at 
least €1.7 million (chapter 2);

• In military recruits, the most frequently affected locations are foot, knee, back and 
leg (chapter 3);

• One out of four recruits who fail to complete elite military training in the Netherlands 
Armed Forces do so due to musculoskeletal injuries (chapter 3);

• Baseline characteristics and time-varying mental and physical health status can be 
used in a prediction algorithm to estimate personalized dropout probabilities with 
fair accuracy (chapter 4);

• Our evaluation suggests sound psychometric quality of the NL-Grit in Dutch Marine 
recruits. Reliability could be improved by adding items to fill the observed gaps in 
item content (chapter 5);

• Results of our explorative study did not confirm the proposed association between 
baseline grit levels and dropout rates in Dutch Marine recruits using the NL-Grit 
scale (chapter 6);
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• Agility training might limit the loss of body control and change-of-direction speed 
during military training. More importantly, agility training might reduce attrition 
from training (chapter 7);

• Promising areas worthy of further exploration include gait retraining, anterior knee-
pain targeted programs, agility training, and resistance training programs, to reduce 
the risk of musculoskeletal injuries and attrition from training (chapter 8);

• We formulated the following recommendations for practice: adaptation of 
neuromuscular and resistance exercises to strengthen tissues and increase fitness 
in both recruits as well as in active-duty personnel; diagnosis-specific targeted 
training programs; prevention of overly high acute training loads; and safeguarding 
appropriate recovery time in between training sessions (chapter 8);

• Routine scientific monitoring, of a combination of external and internal load factors 
relevant to the nature of occupational requirements, is needed to apply injury 
prevention strategies in military training (chapter 9).

BEYOND THE BOUNDS OF OUR STUDY FINDINGS

We started our research by determining musculoskeletal injury incidence rates and 
the injury-dependent financial burden in active-duty personnel of the Netherlands 
Armed Forces.1 The range of productivity cost estimations obtained by using different 
methods and observed in the sensitivity analysis (from €0.99 million to €2.5 million) 
underscore the uncertainty around our estimation of €1.1 million. Although soldiers 
with a musculoskeletal injury are usually not replaced and stay within their unit until 
fully recovered—and regularly save costs by not shooting up ammunition—they require 
health care and are limited in fulfilling their professional occupation, which on the 
larger scale impair military readiness. The estimation of the injury-dependent financial 
burden obtained in our study can, for example, serve as a starting point for economic 
evaluations of the effects of injury prevention strategies.2,3,4

Unfortunately, we were unable to stratify incidence rates by professional occupation 
within military units. A contemporary topic that emphasizes the importance of such data 
is the investigation of the need, and possible beneficial effects, of exoskeletons to reduce 
labor-related injuries. Such technology can bring new capabilities to fighting forces, and 
improve endurance and safety in industrial settings. Different kinds of exoskeletons 
support a variety of functions (i.e. lower body support for crossing difficult terrain 
with load, or upper-limb support for mechanics). Exoskeletons may be of value only for 
certain occupations within a military unit, so differentiation is needed.5 To determine 
the need, but also evaluate cost-effectiveness, sustainable ongoing and detailed injury 
surveillance systems are required. This can be achieved if electronic patient records 
contain occupational details, or if patient records can be connected fluently with human 
resources data while respecting data safety and data protection regulation.

10
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To apply the prediction model we developed in daily practice at the Marine Training 
Centre, a web-based application using the statistical program R has been developed.6 For 
the future, possibilities to connect digitally collected data (e.g. individual performance, 
physical and mental health states) will increase exponentially. Also, the increased use 
of wearables and body-fixed sensors will not only increase awareness and improve 
monitoring capabilities but also provides opportunities to timely make (individual) 
adjustments to training. Such adjustments do not merely serve the aim of increasing 
training output—in terms of the proportion of successful recruits—but to a greater 
extent contribute to professionalizing and individualizing training to optimize training 
adaptations and performance.

During the development of our pilot-intervention study, we hypothesized that agility 
training may improve, or limit the loss of, agility in recruits, and thereby may reduce the 
risk of musculoskeletal injuries and dropout due to such injuries, during the military 
course.7,8 Improving agility can be seen as a surrogate endpoint in aiming to reduce 
musculoskeletal injury risk in recruits. In our reasoning, the direct effect of agility training 
on dropout due to injuries may be mediated by body control and musculoskeletal 
injuries. Many other factors, such as genetic predisposition, training history, and training 
load, may affect body control and injury risk.8 Also, many other factors likely affect the 
risk of dropout from military training due to injuries, such as cardiovascular endurance, 
mental toughness and group culture.9 We cannot be sure that the observed effect 
on dropout is a (partial) effect of agility training, since the effect on the hypothesized 
intermediate factor body control is limited, and may be due to chance. However, since 
recruits were divided into four comparable classes and classes were randomly assigned 
to the intervention or the control group, none of the factors that may have affected the 
outcome could also have affected the independent variable ‘group assignment’, which 
excludes the possibility of confounding of the association.10 Given the relatively small 
sample size in the pilot study, studying the effects of agility training in larger populations, 
both in elite military training courses (i.e. basic as well as advanced) as well as in basic 
military training, could provide more certainty regarding intermediate and total effects 
on dropout due to injuries. Future larger randomized controlled trials, however, are less 
feasible since meanwhile, agility training has been integrated into the physical training 
syllabus of elite military training.

Perhaps our recommendations for training recruits and tactical professionals, which are 
based on the current body of evidence, do not seem like a dramatically new conception.11 
However, during basic or elite military training many physical capabilities need to be 
developed and improved. With an eye on the nine common military tasks and the 
related specific aspects of military fitness, naturally much attention is given to training 
components aimed at moving quickly over short and long distances, climbing over 
obstacles and carrying loads. As a result, training components aimed at establishing and 
maintaining the prerequisite gross motor skills, such as mobility, strength and endurance 
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(i.e. accessory training), can be easily overlooked or neglected. Furthermore, both 
programs that specifically target common injuries in recruits (e.g. knee and leg injuries) 
as well as programs aiming to improve gross motor skills seem relevant to optimize 
training adaptations and reduce injury and attrition risks.11 With our recommendations 
we want to emphasize that regardless the specifics of military training programs, the 
general principles of managing training load apply.

FUTURE DIRECTIONS

During the research done for this thesis, we have gained insight into the epidemiology of 
musculoskeletal injuries in active-duty personnel as well as in military recruits. To further 
expand on the results of this study, more detailed information regarding the professional 
occupation of personnel within military units are needed. For example, if one wishes to 
determine the most common musculoskeletal injuries in truck or ship technicians, jet 
fighter pilots, or mountain leaders, one needs specific occupational details in election 
patient data records. This may also aid determining which professions will potentially 
benefit from specific safety gear.

Secondly, we would like to emphasize that predictive algorithms and machine learning 
are useless tools if they do not evolve with daily practice or adjust to new insights. Also, 
if other military training courses wish to use the same recruit monitoring system along 
with the developed and internally validated prediction model, the model needs to be 
externally validated as well.12,13 The final step towards implementation of a prediction 
model is the quantification of its impact when it is actually used to direct training 
management in military recruits. This can be achieved by comparing the effects of 
current standard policy to prediction model guided training management, ideally in 
cluster-randomized prediction model impact studies. In the context of Marine recruit 
training, with one training center, a prospective before-after impact study may be the 
most suitable design.14 However, awareness is required that such a design is prone to 
potential time effects and subject differences.

To expand on our recommendations about how the seven principles of load management 
can be applied to minimize the risk of injuries in military recruits, it is equally important 
to consider how the principles can be applied in training active-duty personnel.

To conclude, before each attempt to effect change in daily practice, the context; attitudes; 
and behaviors of the involved persons need to be understood.15 Standardized and 
ongoing scientific monitoring of load factors, injury incidence and dropout rates are 
needed to develop, apply and evaluate injury preventive strategies in military training. 
By focusing on the factors that can be controlled, practitioners can minimize the risk of 
musculoskeletal injuries and attrition from training in military recruits.

10
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