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ABSTRACT

This report examines associations between injuries and 
flexibility, stretching, warm-up, and body composition. 
Military studies show that either too much or too little 
flexibility increases injury risk. Static stretching prior 
to exercise does not appear to reduce the overall injury 
incidence, although further research is needed on some 
types of injuries. Static stretching also appears to reduce 
strength and power (explosive strength). Warm-up (low 
intensity activity prior to exercise or sports) appears to 
reduce injury risk. Body mass index (BMI; weight in kg/
height in m2) is a surrogate measure of body fat because 
it is highly related to laboratory measures of body fat. 
However, Soldiers can also have a high BMI because of 
higher muscle mass. If high BMI reflects a larger per-
centage of body fat relative to height, injury risk might 
be increased because the additional fat would increase 
the intensity of physical activity, leading to more rapid 
fatigue and repetitive stress on the musculoskeletal sys-
tem. Low BMI could reflect a paucity of fat or muscle/
bone, or both. Low BMI may make Soldiers more sus-
ceptible to injury if they lack the muscle mass or strength 
in the supportive structures (ligaments, bones) required 
to perform certain physical tasks, and if they overex-
ert or overuse the available muscle mass or supportive 
structures. Studies in basic combat training show that 
both high and low BMI increases injury risk. However, 
studies among active duty Soldiers only show that injury 
risk increases as BMI increases, possibly because very 
few active duty Soldiers have very low BMI (i.e., less 
than 18 kg/m2).
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Introduction

This is the second of a two-part series discussing the 
association between physical fitness and injuries in mili-
tary operations. Part 1 defined physical fitness, described 

how the concept was developed, and described the as-
sociation between injury and aerobic fitness and muscu-
lar endurance.1 Part 2 focuses on associations between 
injuries and flexibility, stretching, warm-up, and body 
composition.

Injuries, Flexibility, and Stretching

Flexibility is associated with injury, but the relationship 
is not what you might expect: either too much or too 
little flexibility can increase injury risk. Let us look at 
some data to better understand this. In one study,2 US 
Army basic trainees were tested for hamstring flexibil-
ity prior to basic combat training (BT), and their inju-
ries were tracked while they were in BT. Recruits were 
separated into quintiles of flexibility, meaning that each 
group (quintile [Q]) represented 20% of all the recruits 
in the study. The lowest risk was among those in the 
middle quintile (Q3) and injury risk was highest among 
those who had the most (Q5) or the least (Q1) flexibility 
(Figure 1A). Another study3 looked at 423 Navy Sea, 
Air, and Land (SEAL) candidates training at the Basic 
Underwater Demolition/SEAL School near Coronado, 
California. Prior to training, the flexibility of their an-
kles was tested and their injuries were recorded while 
they were in SEAL school. The candidates were sepa-
rated into tertiles, meaning that each group (tertile [T]) 
represented 33% of all candidates. The candidates with 
the most (T1) and least (T3) flexibility had the higher 
injury risk, while the group in the middle (T3) had the 
lowest injury risk (Figure 1B).

Flexibility can be improved by static stretching,4,5 and, 
many years ago, stretching prior to physical activity 
was recommended to reduce the likelihood of injury.6 
However, this idea had not been tested experimentally 
at the time. A 1993 study7 conducted in Amsterdam, 
The Netherlands, 421 male runners were placed into 
two groups—one group performed static stretching of 
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the lower body prior to running, and one group did 
not perform any stretching. The group that stretched 
received training in proper stretching techniques before 
the study began. After 16 weeks of training, the injury 
incidence in the two groups was almost identical and 
there were no significant difference between the groups 
(Figure 2A). Another study8 was conducted among 
1,538 male recruits in Australian basic training that 
were separated into two groups. One group performed 
one 20-second static stretch for six major leg muscles 
prior to physical training, while the other group did not 
perform any stretching. The data were calculated based 
on the number of injuries per 1,000 hours of physical 
training. There was no significant difference between 
the two groups whether the authors looked at all in-
juries, soft tissue injuries, or bone injuries (Figure 2B). 
It may appear that soft-tissue injuries were somewhat 
reduced in the group that stretched; however, it can be 
calculated that with a difference of the size seen in Fig-
ure 2B, and assuming 1-hour physical training sessions, 
a recruit would need to stretch for 1,666 sessions to 
prevent one injury of this type. Another study, with the 
Japan Ground Self-Defense Force, found that stretching 
had no effect on overall injury incidence but might re-
duce muscle/tendon injury.9 Literature reviews of stud-
ies on static stretching have generally concluded that 
stretching prior to exercise does not reduce the over-
all incidence of injuries, but further research is needed 
on examining particular types of injuries, like muscle 
strains.5,10

Besides the futility of stretching to prevent injuries, it ap-
pears that stretching may be detrimental for some types 
of performances. Meta-analysis is a statistical technique 
that allows data from multiple studies to be combined 
to more adequately determine how large a particular ef-
fect might be. A recent meta-analysis11 examined 104 
studies that looked at the effect of pre-exercise stretch-
ing on maximal strength and power (the authors called 
the latter “explosive strength”). Static stretching prior 

to activity reduced performance on both strength and 
power tasks regardless of age, sex, or training status. 
Smaller negative effects were noted with shorter periods 
of stretching.

It would appear that either too much or too little flex-
ibility is associated with higher injury risk and that 
static stretching has little effect on overall injury risk. 
In studies where all participants perform stretching, 
there will likely be a variety of “natural” flexibilities 
(i.e., flexibilities before stretching) ranging from low to 
high. Those with low flexibility will increase their flex-
ibility with stretching. This may be equivalent to mov-
ing from Q1 to Q2 or Q3 in Figure 1A. Those who are 
more flexible will also further increase their flexibility 
and may move from Q4 to Q5, or even off the chart. 
It may be that individuals with low flexibility need to 
be identified and provided stretching exercises, while 
those who are highly flexible do not need to stretch. We 
do not really know at this point, but studies conducted 
along these lines could test this hypothesis. Currently, 
the data suggests that when large groups of individuals 
perform static stretching the overall risk of injury does 
not change compared to no stretching at all. Further, 
acute stretching may be detrimental to activities involv-
ing strength and power. Soldiers should keep in mind 
that flexibility is a component of physical fitness1 and 
that stretching does increase flexibility.4,5 Just because 
static stretching has little effect on overall injury risk 
does not mean that it should not be performed at all. 
Stretching may be included at the end of an exercise 
period when the body is warmed up from the activity. 
Those who are very flexible may not need to stretch, 
but more research is needed on this. It is only acute 
stretching that affects strength and power and so 
stretching at the end of an exercise bout should not af-
fect later activities unless those activities are performed 
immediately after exercise. Currently, stretching after 
exercise is recommended in the Army’s Physical Readi-
ness Training Program.12

Figure 1  Associations between flexibility and injuries.  
(A) Recruits in US Army Infantry One-Station Unit Training. 
(B) SEAL candidates.

Figure 2  Associations between stretching and injuries.  
(A) Runners. (B) Recruits in Australian Basic Training.  
PT, physical training.
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Injuries and Warm-up

Active warm-up uses low-intensity activity to increase 
muscle temperature and allow a gradual transition 
into more intense activity. There are two types of ac-
tive warm-up—general and specific. General warm-up 
uses activities like low-intensity running, cycling, jump-
ing, or lifting; specific warm-up uses activities similar 
to the exercises or sport that the individual is preparing 
for. It has been hypothesized that there are many favor-
able physiologic effects from active warm-up. These in-
clude reductions in muscle viscosity that may increase 
the speed and force of muscle contractions; increase the 
speed of nerve transmission, which could improve reac-
tion time; more rapid dissociation of oxygen from hemo-
globin, thus providing oxygen more rapidly to working 
muscles; and vasodilation, which increases blood flow 
in active tissues.13,14 In experimental studies, more force 
and greater muscle length were required to tear rabbit 
muscles that had been prewarmed.15,16 No military stud-
ies have examined the effects of warm-up on injuries, 
but a number of studies on athletes have shown that 
general and sports-specific warm-up routines appear to 
reduce the incidence of sports-related injuries.17–20

Injuries and Body Composition

Studies that have looked at the relationship between 
body fat and body composition have generally looked 
at body mass index (BMI) as a surrogate measure for 
body fat. BMI is calculated as body weight divided by 
the square of height (kg/m2).

Generally, BMI shows a close relation-
ship with body fat in both military 
and civilian groups.21–23 However, the 
relationship between BMI and injury 
is likely to be complex because indi-
viduals can have a high BMI either 
because of higher body fat or because 
of higher muscle and bone mass. If 
high BMI reflects a larger percentage 
of body fat relative to height, injury 
risk might be increased because the 
fat burden would (1) increase the in-
tensity of physical activity,24 leading to 
more rapid fatigue; and (2) impose ad-
ditional repetitive stress on the muscu-
loskeletal system because of the greater 
weight relative to height. In contrast to 
high BMI, low BMI may reflect a pau-
city of either fat or muscle/bone mass, 
or both. Low BMI may make Soldiers 
more susceptible to injury if they lack 
the muscle mass or strength in the sup-
portive structures (ligaments, bones) 
required to perform certain physical 

tasks and/or if they overexert or overuse the available 
muscle mass or supportive structures, possibly leading 
to acute or overuse injuries, respectively.

Studies in BT generally have a sufficient number of re-
cruits with both low and high BMI to show that either 
extreme will increase injury risk. Figure 3A shows the 
results of a study that looked at this relationship among 
male recruits in US Army BT.25 Recruits with either low 
or high BMI showed higher risk of injury than those 
with BMI in the two middle quartiles (a quartile is 25% 
of all recruits tested). The National Institutes of Health 
considers individuals with “low” BMI to have a BMI 
value less than 18.5 kg/m2. Data from several military 
occupational specialties (MOS) (Figure 3B–D) indicate 
that, generally, the higher the BMI, the higher the injury 
risk.26,27 The inability of these MOS studies to show that 
lower BMI increases injury risk may be because very few 
active duty Soldiers have a BMI less than 18.5 kg/m2. 
Future studies are needed to examine associations be-
tween low BMI and injury risk in active duty Soldiers.

In summary, studies generally suggest that static stretch-
ing will not reduce the incidence of injury but that 
warm-up activities may be beneficial. Soldiers should 
maintain their BMI in the normal weight range, which 
the National Heart, Lung, and Blood Institute has de-
fined as 19–25 kg/m2.28 Among Soldiers with a muscular 
build, BMI is likely to overestimate the amount of fat. 
Soldiers need to develop and maintain a high level of 
physical fitness and optimal body composition not only 

Figure 3  Associations between BMI and injury. (A) Recruits in US Army Basic 
Combat Training. (B) US Army Armor Soldiers and MP. (C) US Army Wheel 
Vehicle Mechanics. (D) US Army Band. BMI, body mass index; MP, military 
police; sol-mo, Soldier-months.
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for peak performance of occupational tasks but also to 
reduce injury risk. Recommendations and guidance for 
physical training is contained in Army Physical Readi-
ness Training (Field Manual 7-22).12
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