
Vol.:(0123456789)1 3

International Archives of Occupational and Environmental Health (2019) 92:837–841 
https://doi.org/10.1007/s00420-019-01423-6

ORIGINAL ARTICLE

Physical fitness as a risk factor for injuries and excessive stress 
symptoms during basic military training

Lisa Müller‑Schilling1,2 · Nils Gundlach3 · Irina Böckelmann2 · Stefan Sammito2,4

Received: 7 June 2018 / Accepted: 12 March 2019 / Published online: 20 March 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose  The purpose of basic military training (BMT) is to enable the recruited soldiers to acquire basic military skills and 
develop the required physical fitness. This training is accompanied by heightened physical stress and the risk of injury and 
excessive stress symptoms (I&ESS). The objective of this study was to examine the extent to which the level of physical 
fitness at the beginning of BMT affects the incidence of I&ESS and resultant absence from duty.
Methods  The data of a total of 774 subjects (age 20.5 ± 2.2) from 8 subsequent BMT quarters were analysed. The medi-
cal diagnoses made during the consulting hours of the unit physicians were reviewed for I&ESS and the kinds of injuries 
incurred and the sick leave pronounced were documented. The level of physical fitness per quarter was then categorised by 
means of the total numbers of points achieved during the standard basic fitness test (BFT). This categorisation was finally 
used as a basis for an analysis of the lost days in relation to the level of physical fitness.
Results  255 of the 774 subjects (32.9%) suffered an I&ESS. 60% of all the I&ESS were located at lower extremity. There 
was a significant increase in the length of absence from duty among the group with the lowest level of physical fitness.
Conclusions  The analysis revealed that the level of physical fitness at the beginning of BMT has a significant influence on 
the length of absence from duty due to I&ESS. Moreover, 60% of the injuries were lower extremity injuries, which show 
the specific significance they have for limitations during BMT. Overall, this reveals the necessity for appropriate preventive 
measures (additional fitness training, adjustment of requirements) to be implemented so that recruits with a low level of 
fitness can complete BMT with as few injuries as possible.
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Introduction

A high level of physical fitness is a prerequisite in some 
professions for performing profession-related tasks. A 
work-related high level of physical fitness is especially a 

key component for meeting workplace demands in the 
police, fire brigade and armed forces (Knapik et al. 2004; 
von Heimburg et al. 2006; Holmér and Gavhed 2007; Elsner 
and Kolkhorst 2008; Williams-Bell et al. 2010). Soldiers 
must especially meet the necessity to conduct task-specific 
activities (such as extinguishing a fire, handling a firearm 
safely) at the same time as taking account of the physical 
component. This meets all kinds of soldiers independently 
of their branches (e.g., army, navy, air force, marines, etc.).

In addition, the increasing lack of exercise among juve-
niles and young adults is resulting in a reduction in physical 
resilience among potential first-time employees (Graf et al. 
2006; Leyk et al. 2006; Kettner et al. 2012). Employees are 
especially unable to reliably perform complex activities like 
those mentioned above when they take up a new occupa-
tion. This is why first-time employees in the military initially 
undergo several months of basic military training (BMT). 
The goal of BMT is to enable them to acquire basic military 
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skills and raise their levels of physical fitness. Injuries and 
excessive stress symptoms (I&ESS) during BMT can reduce 
the time available for training and thus its overall quality 
significantly. American and Israeli studies have isolated 
various risk factors that influence the incidence of I&ESS 
during BMT (Schmidt Brudvig et al. 1983; Macleod et al. 
1999; Beck et al. 2000; Knapik et al. 2001b, 2012; Rauh 
et al. 2006; Shaffer et al. 2006; Finestone et al. 2008; Trone 
et al. 2014; Cameron and Owens 2016). Besides other risk 
factors, such as being female (Macleod et al. 1999; Knapik 
et al. 2001a), underweight or overweight (Finestone et al. 
2008; Knapik et al. 2012), active tobacco smoking (Friedl 
et al. 1992; Knapik et al. 2001b; Lappe et al. 2001), being 
of a certain age (Lappe et al. 2001; Knapik et al. 2012) or 
belonging to a specific ethnic group (Friedl et al. 1992; 
Lappe et al. 2001; Knapik et al. 2012), physical fitness at 
the beginning of the training period has been revealed to 
be a key predictor for a higher incidence of I&ESS during 
BMT. However, there is a fundamental difference between 
nations with respect to the first months of military train-
ing, recruitment (professional army versus conscript army) 
and the length of BMT. The objective of this study is there-
fore to determine the influence of the initial level of fitness 
of recruits on the incidence of I&ESS during BMT in the 
Bundeswehr.

Methodology

During eight coherent training quarters (IV/2012 to 
III/2014), data from Bundeswehr recruits who voluntary 
participated were included in this study. The physical fit-
ness was tested with the standard Basis-Fitness-Test (BFT) 
(Chief of Defence 2013) at the beginning of the BMT and 
additional information was taken from their health files. The 
basic training was conducted in the training companies of 
Tank Battalion 203 (5./203) and Armoured Infantry Bat-
talion 212 (5./212), which are based at the same barracks in 
Augustdorf, North Rhine-Westphalia, Germany.

Two criteria for inclusion in the study were the success-
ful completion of BMT and the issue of a written statement 
confirming that participation in the study was voluntary. In 
total, 774 subjects [age 20.5 ± 2.2 years, body mass index 
(BMI) 23.5 ± 2.8 kg/m2] were included in the study. Thus, 
67% of all the recruits undergoing their BMT during that 
period participated in this study. There were no significant 
differences in the age and body measurements of those who 
participated in the study and those who did not (Table 1).

The medical data were reviewed for periods of absence 
from duty due to I&ESS, and the periods were documented. 
As a specific military feature, periods of full administrative 
leave were documented (in the civilian health system, such 
leave corresponds to a general inability to work) alongside 

periods of limited fitness for duty (e.g., exemption from 
outside duty activities, marching, physical training or field 
duty).

Sub-analysis groups were defined for I&ESS that were 
attributed to general military training in the field, obstacle 
course training, self-protection training in CBRN hazard 
situations, marksmanship training (all four categorised as 
general military training) and mandatory physical training. 
Acoustic trauma incurred during marksmanship training and 
blisters incurred during marches were excluded.

The initial level of physical fitness was documented on 
the basis of the BFT results (Leyk et al. 2006). This stand-
ard test consists of an 11 × 10-m sprint, a flexed arm hang 
and a 1000-m run and is fundamentally conducted at the 
beginning of BMT. Based on the BFT results, fitness lev-
els were categorised by quarters, and the lost days due to 
I&ESS within each quarter were then analysed by means 
of ANOVA and a subsequent Dunnett-T post hoc analysis. 
Furthermore, the I&ESS were analysed with regard to the 
body regions affected and their incidence during the various 
kinds of training. For the exposition analysis, the numbers 
of I&ESS were put into relation with periods of exposure. 
The calculations of the periods of exposure were based on 
the number of hours for which each kind of training was 
scheduled to be conducted in the duty rosters, and lost days 
due to illness were factored in for each recruit.

This study was approved by the ethics commission of 
Otto-von-Guericke-University Magdeburg (file no: 111/12).

Results

255 subjects (32.9% of the total sample) reported to the unit 
physicians with 397 I&ESS during BMT. The average sick 
leave was 6.0 ± 7.9 days per recruit, and 60% of all the inju-
ries were lower extremity injuries (Fig. 1). The trunk (22%), 
upper extremity (13%) and head (4%) were clearly less 
affected. The majority of the I&ESS (57%) were incurred 
during general military training. 10% of I&ESS were attrib-
uted to mandatory physical training, while the physicians 
documented no specific causes for the remaining 33%.

Table 1   Comparison of the anthropometric data of those who partici-
pated in the study and those who did not

Participants Non-participants p

n 774 383
Age (years) 20.5 ± 2.2 20.6 ± 3.2 0.883
Body height (cm) 179.6 ± 7.0 179.2 ± 6.6 0.437
Body weight (kg) 75.9 ± 11.2 76.6 ± 10.4 0.418
BMI (kg/m2) 23.5 ± 2.8 23.8 ± 2.7 0.079
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During the study and in consideration of the fitness for 
duty of the participants, a total of 283,831.1 h of general mil-
itary training were conducted, the largest share of which was 
assigned to marksmanship training (138,082.3 h) and field 
training (134,411.4 h). Obstacle course training (5446.1 h) 
and CBRN defence training (5891.3 h) constituted only a 
minor share of the training time. Mandatory physical train-
ing, amounting to 18,959.8 h, made up a rather small part of 
the total time for BMT. The time each recruit spent on train-
ing was 178.4 h for marksmanship training, 173.7 h for field 
training, 7.6 h for self-protection training in CBRN hazard 
situations, 7.0 h for obstacle course training and 24.5 h for 
mandatory physical training.

The analysis of I&ESS cases per 1000 h of specific train-
ing showed an incidence of 1.09 I&ESS/1000 h during gen-
eral military training and 4.17 I&ESS/1000 h during man-
datory physical training. A sub-analysis of the incidence of 
I&ESS during general military training, which comprised 
marksmanship training, CBRN defence training, obstacle 
course training and field training, revealed that a high num-
ber of I&ESS were incurred during obstacle course train-
ing, while no cases were incurred during marksmanship and 
CBRN defence training (Fig. 2). An increase in the number 
of I&ESS was also observed during the summer and winter Fig. 1   Distribution of injuries by body regions, n = 397

Fig. 2   Number of injuries per 1000 h of activity in total and for the different seasons
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quarters, especially as a result of field training and manda-
tory physical training (Table 2).

The ANOVA analysis revealed that physical fitness had 
a significant influence on the length of absence from duty in 
association with the total number of lost days due to I&ESS. 
The average number of lost days was significantly higher in 
the quarter in which the level of fitness was the lowest than 
in the other quarters (see Table 3). This was confirmed in 
the subsequent Dunnett-T post hoc analysis.

Discussion

The present study shows that the initial level of physical 
fitness has a significant influence on lost days due to I&ESS 
during BMT in the German Army.

Overall, BMT in its present form is estimated to cause 
substantially less injuries than in 2008/09 (Sammito 
2011). A decrease in the average number of injuries from 
2.27/1000 h to 1.45/1000 h has been documented. The most 

likely reason for this is the change in the training concept 
during BMT, which is now based on a new shooting training 
concept. In this new concept, a higher number of training 
hours are scheduled for shooting, with the result that the 
number of hours for field training has been reduced during 
which particularly more injuries are caused. This was also 
revealed by the data analysis.

This study has shown that general military training was 
the main cause of injuries (57% of all injuries). In contrast, 
the incidence of injuries during general military training per 
1000 h, with the average being 1.09/1000 h, is rather low 
and can be ascribed to the high total number of training 
hours. Moreover, general military training can be divided 
into four sub-groups, and the number of injuries sustained 
is different in each. Marksmanship and CBRN defence train-
ing have proved to cause particularly few injuries, with no 
I&ESS having been found to be incurred from it. In contrast 
with more than 18 I&ESS/1000 h, the very high injury rate 
for obstacle course training stands out. Because of the low 
number of hours allocated for obstacle course training, the 
injuries incurred during it carry considerably less weight 
in the overall analysis of all injuries. Even if a reduction of 
training with high injury rate makes sense from the preven-
tive medicine point of view, the obstacle course is a particu-
larly good form of training for various movement sequences 
that are specifically required in military operations.

Furthermore, an increase in I&ESS was noted during 
seasonal quarters. It is conceivable that this was due to the 
weather. The influence of the weather on the surface con-
ditions has already been identified as a cause of a greater 
injury during mandatory physical training at the same base 
(Gundlach et al. 2012). Since general military training takes 
place outside, it is likely that (weather-related) changes in 
surface conditions in the winter months (due to snow and 
ice) and the summer months (highest precipitation rates of 
the year) may also be the reason for an increase in the risk of 
injury. The high number of I&ESS noted during the summer 
months can also be ascribed to other climatic conditions, 
such as the effects of higher temperatures on the body, which 
speed up the rate at which recruits become exhausted and 
increase the risk of injury, as found among recruits in the 
US military (Knapik et al. 2002).

The analysis furthermore showed that the level of fitness 
of the recruits at the start of BMT had a significant influence 
on the incidence of I&EES. The overall number of lost days 
for recruits with the lowest level of fitness was significantly 
higher than that for recruits with a higher level of fitness. 
The increase in the overall number of lost days also resulted 
in a loss of training time, and this reduced the progress made 
in training by individual recruits. Moreover, lost days must 
be expected to lead to a further lowering of a recruit’s (cur-
rent) level of fitness and, in turn, an increase in the risk of 
their incurring (additional) I&ESS. This can lead to a further 

Table 2   Injuries and excessive stress symptoms per 1000 h of train-
ing for the entire sample and listed by seasonal quarters

Injuries/1000 h Total Spring Summer Autumn Winter

General military train-
ing

1.09 0.62 1.59 0.75 1.69

 Marksmanship train-
ing

0.00 0.00 0.00 0.00 0.00

 Obstacle course 
training

9.55 5.43 7.22 17.04 18.52

 CBRN defence train-
ing

0.00 0.00 0.00 0.00 0.00

 Field training 1.90 1.07 3.10 1.21 2.98
Mandatory physical 

training
4.17 2.37 5.59 3.47 6.03

Table 3   Lost days due to limited fitness for duty (lim. fit.), full unfit-
ness for duty (full unfit.) and both factors together (total), categorised 
in quarters by level of fitness (1st quarter = low level of fitness, 4th 
quarter = high level of fitness) as well as for the entire sample

p < 0.005 highlighted in bold

n Lim. fit. Full unfit. Total

1st quarter 179 2.96 ± 6.72 0.25 ± 1.68 3.12 ± 7.55
2nd quarter 180 1.58 ± 4.05 0.12 ± 0.92 1.69 ± 4.34
3rd quarter 180 1.64 ± 4.03 0.07 ± 0.50 1.71 ± 4.07
4th quarter 180 1.28 ± 4.09 0.12 ± 1.42 1.40 ± 4.66
Total 719 1.86 ± 4.89 0.14 ± 1.22 2.00 ± 5.37
pAnova 0.006 0.521 0.006
pDunnett-T 0.020 (1–2) 0.020 (1–2)

0.028 (1–3) 0.022 (1–3)
0.030 (1–4) 0.004 (1–4)
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rise in the difference in physical fitness between recruits who 
incur injuries and others who do not lose days.

This result allies with the findings of the US Armed 
Forces (Knapik et al. 2001a, b). To reduce the incidence 
of I&ESS, the level of fitness of recruits was raised by put-
ting them into a pre-training, and this significantly lowered 
the incidence of injuries during BMT (Knapik et al. 2001a, 
2003). It can be assumed that this would also be the case 
with recruits in the German Army.

Summary

Altogether, the results show that BMT in its present form 
causes fewer injuries when the injury rate are compared to 
those compiled in earlier surveys and that this development 
is linked to the change in the training concept with more 
hours allocated to training that is less prone to cause injuries. 
Increase in numbers during certain seasons can probably 
be attributed to unfavourable weather conditions. Special 
attention should be paid, however, to the level of fitness of 
recruits, as it has a significant influence on the incidence of 
I&ESS and the lost days they cause.
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