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Abstract athletes and soldiers must both develop and mainluin high jevels of physical

fitness for the physically demanding 1asks they perform; however, the routine
physical activity necessary to achieve and sustain fitnass can ragull in iraining-
relared injuries. This article reviews dara from a sysiematic injury control pro-
gramme developed by the US Army. Injury conlrol reguires S major steps:
(1} sarveillance to determine the size of the injury problem; {ii) studies 1o deter-
mine canses and risk factors for these infuries; {iii) sludies |0 ascertain whether
proposed interventions acruaily reduce injures; (iv} implementerion of effecrive
inrventions; and (v} monitoring to see whether inlerventions retain their affec-
tiveness.

Medical surveiilapce data from the US Anny indicats thal uninlentional (ac-
cidental) injuries cause about 50% of deaths, 50% of disabilities, 30% of
hospitaljsations and 40 to 60% of outpatient visits. Epiderniojogical surveys show
that the cumulative incidence of injuncs (requiring an ontpatient visit) in the
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K weeks of US Army basic training is nbout 25% for men and 55% for women;
incidence rates for operationel infeniry, special forces and ranger units are about
1010 12 injuries/{ 00 soldier-months. Of the limited-duty days accrued by trainces
and infantry soldiers who were trealed in outpatien! clinics, 80 (0 90% were Lhe
result of training-related injuries.

US Army studies document a nomber of potentially modifiable risk facrors for
these injuries, which include high armounts of Tunning, low levels ol physical
fitness, high and low levels of flexibility, sedenlary lifeslyle and tobacto use,
amongst others. Swdies directed at interventions showed that limiting running
distance can reduce the risk for stress fractures, that the nse of ankie braces can
reduce the likelihood of ankle sprains during airborne operations and that the use
of shock-absorbing insoles docs not reduce stress fractures during truining,

The US Army continues to develop a comprehensive injury prevestion pro-
gramme encompassing surveillance, research, programme implementation and
monitoring. The findings from this programme, and the gencral principles of
injury control therein, have & wide application in civilian spurts anul exercise

programmes.

Soldiers must develop and maintain high levels
of physical fitness in preparation for mililary mis-
sions, in similar ways to athletes preparing for
competition.. The potential demands of combat and
other duties require military personnel (particu-
larly the US Army and Marine Corps) to routinely
engage in vigoraus physical and operational irain-
ing to sustain & high level of readiness. Typical
rraining activities include running, marching, cal-
isthenics, clirnbing, hurdling, crewling, jurmping,
digging, lifing and carrying loads while hiking.

As with other groups engaged in vigorous phys-
" ical activity and training,/!*%! injuries frequently
occur in military populations.®2! These injuries
concern the military not only because of their fre-
quency but becanse they result in significant loss
of personnel resources and can compromise oper-
ational readiness. To redoce the incidence of in-
juries and their effect on individuals and military
objectives, a systematic programme of injury pre-
vention was considered necessary by the US Army.

Table 1 lists the 5 key public health steps to in-
jury control (surveillance, research, intervention,
programme implementation and programme mon-
itoring). These 5 steps of systematic injury control
require that 5 primary questions be answered [per-
sonal communications, M. Rosenberg, Centers for
Disease Conrtrol and Prevention, Atlanta (GA)i:

o Adi irternctional Limilad, &% gl reserved.

(1) Does a problem exist?

(ii) What causes the problem?

(iil) What warks to prevent the problem?

(iv) Who needs 1o know and what do they need 1o da?
(v) How effective are (he preventive measuras pul
in place?

Successful prevention/control requires informa-
tion from surveillance and research at all steps in
this process. :

The foundaticon of & systemulic approach to the
prevention and control of injuries is medical sur-
veiliance, Unlike research, medical surveillance
imphes a linkage between health information and
preventive aclion.!®19 Rouune surveillance pro-
vides the informartion necessary 1o determine the
magnitude of probleins affecting the heaith of pop-
uiations and provides the basis for priontising and
targeting injuries and diseases for prevention or re-
search. Research is necessary to detenminc the un-
derlying risk [aclors for and couses of injuries and
diseases. Prevention of injurics requires idenlifica-
tion of moditiable risk factors and causes./' ! Once
a straregy for prevertion has been devised, research
may aiso he necessary lo delermine whether the
intervenlions work. Following implementation of
a prevention strategy, surveillance of Lhe ongoing
effectiveness of thal strulegy is necessary.[#101

This article primarily revicws duta (rom the first

Sja0r1s Medl 1997 Faby; 27 ()
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3 elements of the US Army injury prevention pro-
gramme — surveillance, research end intervention.
We examined data from sorveillance sources and
epiderniological surveys which define the magni-
tude of the problem of injuries in the US Army and
Marine Corps. We further reviewed the results of
epidemiological research that identifies causes and
risk factors for maining- and operations-rejated in-
juries. Some of the prevention programmes thal

were implemenied are also discussed. The findings

from US Army research are used to demonstrate
the power of simple screening and survey method- -
alogies in exercise and training injury research.
Finally, we use the datu discussed to iliustrate the
contributions of surveillance and epidemiological
research {o 3 comprehensive injury prevention pro-
gramme such as that outlined in table 1.

17 Surveiliance and Survey Data
on injuries

The first step of the public health process of
injury control/prevention is (o determine whether
a problem exists, This can be accomplished for
militery populations because comprehensive med-
ica] and fatality records are maintained for all mil-
itary personnel on active duty. The sizes of unit
populalions are known at 2il times, copies of all
military hospital discharge surimanes are filed In
individual medical records and demographic, oc-
cupational and medical information from hospital
discharge summaries is coded and entered into cen-
tral computerised files. Injury diagnoses are coded
using International Classification of Disease Codes
(ICD-5 Codes); all acute injury diagnoses receive
an external cause code using North Atlannc Treaty
Organization codes which are similar to the cause
codes in ICD-9 (E-Codes). Hospitalisation rates
and trends are now rovtinely reviewed and publish-
ed. Computerised databases of disability dis-
charges and dearhs are also maintained. Virtually
all outpatient visits to mititary medical treaiment
fecilities are documented in the records of individ-
ua! personnel. Because computerised military-
wide databases were unavailable for ‘sick call’
{ourpatient) visits until recenry, the primary

& Adl Intamational Umiied. Al dghis resered,

- Slap 3: Intervention

Table 1. Key steps in the injury pontrol pracess end the rols of
surveillanse, ressarch and interveniion
Dogument the axistence of &
preblem and fis magnitude
fraguency and distribution
rates end trands
Idantity 1he cause and risk factors
tor 2 probiem
. epidemislogy
N pathophysiciogy
biorpachanics
ergonomice
‘Daterming whel magsures ara
sfiective in praventing the problam
reining
1eetinp/rials
developmen! of safer products and
equipment
enginearing changes
Digseminate informatian 1o those
who need to know and act
education
regulations, rules erd laws
saisty guidalines and policies
egulpmart
Oetermine ellectivenisgs of injury
prevertion prograrmnmes

Slap 1: Surveillanca

Step 2! Fesearch
*

Step 4: Progmmme
{mplamentation

8riep 5; Pmgremma
marnacing

source of data on the incidence of injuries requiring
only outpatient management is focal periodic sor-
veys of individual medice! records for entire tar-
geted umil populations.

1.7 incidances of Injury-Related
Haspitalisation, Disabillty and Daath

Surveillance of hospital records, patients with
disability and. fatalities provides perspective on
how injuries of varying degrees of severity affect
the US Army in terms of personne! resources and
readiness. Direcl comparisons of incidence rales
and frequencies across levels of injury severity are
complicated by differences in cateporisation of in-
formation and how specific diagnoses are defined.

" Nevertheless, dala on hospitalisalions, disgbilities
and deaths provide & valuable perspective on the
magnitude of the problem.

Since 1989, the Stundard [npaiient Datz Record
has provided u common register of hospiralisations

soofs Med 1999 Fab; 27 [2)
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Table IL Cumulative ingidense of all injuries amang US Army
rainaes during the B-week besic combal training cycde

Srudy Yaardate  Ineidenos (%)

' callectad man® warnan®
Kowal™ 1878 25 54
Bense! & Kigh15! 1pER 23 42
Jones el gl /¥ 1884 28 50
Beli et aL™ 1088 27 57
Wesiphz! ef al.l'@ 1994 ND 67
ND = no data,

in all US military hospitals regardiess of service
(i.e. Army, Navy or Air Force). In 1994, muscuio-
skeletal conditions and injuries accounred for 28%
of hospiralisations in US Army personnel.l'2] The
pexl most common cafepory was digestive dis-
eases, at 12%. Informadon from this Record indi-
cates that acute injurles associated with physical
BCtivity, training and athjetics are potentiaily ser-
jous, as well as frequent, in the US Army. 1n 1994,
the rate of hospilalisation for injury in US Army
personnel was estimeated at 45 hospitalisations/
1D00 person-years.[!2] Athlefics- and sports—related
injuries accounted for 12% of Lthe cases where an
external cause of injury was recorded, and other
potential training injuries accounted for an addi-
tional 14%.1'2] Days lost (‘noneffective days’) due
1o hospimalisation for injuries caused by sports and
athletics alone were 26 days/1000 soldiers per
year.l12)

Tracking ol putients with disability iy performed
by the Army Phyeical Disability Agency (APDA}
which keeps a compulerised list of reviewed pa-
tients.! 1) In 1994, the rates of disability were abour
15 cases/1000 person-years, with about 53% of
these being due 10 injury. The coding scheme vsed
by the APDA does not allow deiermination of the
¢onliribution of physical training—related injuries to
disability; however, a pilot study in an irfaniry di-
vision suggested that the injuries sustained by 28%
of personnel requiring disability evaluations may
be attributable to athletics H?

Deaths in the military are roulinely reported by
the Military Services' Casualty Offices Lo the De-
partment of Defense Directoraie of Information
and Operations Reporis (DIOR). DIOR publishes
the Worldwide Casualty Report which provides
mortality data, broken down into 5 categaries: ac-
cidents, suicides, homicides, illness and combat
(ostile action)}, for all of the services. In 1994, the
US Army futality rawe was 87 dearhg per 100 000
person-years, with uninientional injuries (acci-
dents) accounting for 49% of all deaths. Al
ilinesses and diseases accounted for only 18% of
deaths in the US Army.

1.2 incidence of Outpatient injury Visits

Episodic surveys of outpatient medical records
(*sick call’ visils) have also documented the inci-
dence of injuries among military trainees and

Teble . Injury incidence rales among soldiers in operational US Amy units

Shudy Year dala caliecten Type of unil ingidence raie (events/100 soidier-months)
new injuries clinic vlslis for injurias
Tamlinson &t al.ke 1984-1B85 Intantsy 1.2 (]u}
Spedal forcas 12.1 ND
y Rangers 10.1 ND
, Arijiery and aviation 4.5 ND
Knepik &t 21" 1889 tnfaniry 1.8 18.3
Aeynalds ef al.R1 1855-1990 infantry ND 15.1
Feynolds et al © 1956 Artiliery 10,7 18.8

8 ‘Annualised dala based on & weeks of data collection,

b Annuafised rete based on 8 months of data colisction,

. = Feynolds el al., unpubiished data {n = 180, 1-year follow-up).
ND = no date.

& Adis intamahional Umiad, A Aghls resanvad,

Epoms Mag 1999 Fely; 27 (2
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Table IV, Aalalive rates of injury and ilnesg amang US Army treiness™ and infentry soldiers®

Cammgory Sample Injury rate {liness raie Rate rano (injury
[cases/1DD {cases00 ralefliness ratg)
soldier-months) soidiar-fnontha)

Soidiers with 1 or mote ‘wick call' visits Mais trainesg 13.7 17.7 B

I Famalga trainees 252 242 1.0
. Male infantry 12,8 120 1.3
Total ‘ick call' visita Mals irinees 22.1 | 264 0.8
' Female trainess ot v 372 1.0 |
[ ) ! Male infantry 19.6 . 2.0 1.6 .
Days of imited duty Mals trainees 40 8 5O
. Famgle freinees 125 6 21.8
Male infantry 113 1 10.3

2 Reynalds K, unpubiished dam an US Ammy infentry soldlers, Fort Drum {NY], 1588 (n = 351, 72-cay follow-up).

soldiers. The greatest amount of documentation
exists for US Army basic training. As shown in
table I, the enmulative incidence of male trainees
seeking medical care for 1 or more injuries during
the § weeks of basic training varied between 23
and 28%; injuries for women ranged from 42 to
67%.11%-1¥! The estimaled injury rates are 12 to 14
and 21 to 29 infures per 100 person-months for
male and female mainess, respectively. Male US Army
Infantry trainees undergoing a 12-week period of
basic training experience a cumulative incidence
of injury of 46%,1") about 15 injuries per 100 person-
months, Rates of this magnitude have also been
observed for US Marine Corps recruits.[!9!

In contrast 1o Irainees, injury rates in opera-
tional military units can vary more widsely, prob-
ably because of the varied nature of the accupa-
tional tasks performed (the US Army has 277
occupational specialities).l?%1 As shown in table IT],
male soldiers in infantry, special forces and ranger
units have documented injury rates of between 10.1
and 12.1 injuries per 100 soldier-months, 420 sim-
ilar to those of US Army lrainees. Artllery and
aviation units have Jower rates.s) Injury rates among
military trainees, infaniry soldiers and special forces
and ranger onits are comparable with those expe-
rienced by high school and coliegiate athletes par-
ticipating in endurance events; however, rates are
generally lower than for those involved in contact
sports.[3.2

& Adls intemafional Lirdted. All ight raterssd.

1.3 Causas of Morbidity: injury Viersus lliness

Comparisons ot the number of limited duty days
resulting from injuries versus those resulting from
illnesses provide another perspective on the impor-
tance of injuries 1o overall US military physical
readiness. Table 1V contains data on the relative
rates of morbidity from injury and illness and the
rates of limited duty days. For male and female US
Army trainees, the ratio of the rates of injury and
illness (soidiers with 1 or more "sick call’ visits) is
about ] : I; however, for injury, the rates of limited
duty days are much higher than for illness. Among
infantry soldiers, the rates for injury are slightly
higher than those for illness but the rates of limited
duty days are roughly 10 times higher. Injuries re-
quiring outpatient care clearly cause significantly
more temporary disability than do ilinesses,

1.4 Owverview of Injury Impact

Data on morbidity and mortality across the
spectrum of health indicare that injuries are an im-
portant problem both in terms of absolute rates and
also relative to disease and illness. Based on these
dara, the relative numbers of injuries from each
category of injury (death, disability, hospitaliza-
tion and oulpatient) can be estimated. The fre-
guency daia presenied in table V show clearly that
autpatient sick call visits account for the largest
nurmber of 1njuries — almost 2000 for every death
that oceurs. Consequently, although the injuries in
this category are less severe than those in other

Soors Mad 1989 fal; 37 (2
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TJabis V. Freguency of injunes requiring differant levels of care and
ratios of iess savere injuries (o deathe, besed on US Ammy—wida
data fof 1954

Palient catagary  Estimated injuries Fatio of other
{cacas/year) Injuries o
lokal trainlng- or accidental

athiefics-reigigd  Soans®

Accidental death 230 B0 1

Digability 4500 2400 20

Haspitalleaton 23 000 &000 100

Oulpatiant ‘sick 440 o0 240 000 1800

call® i

& Caousked as govrce af injuryomnl acx:inem_ai taaths,
b Estimaled fram dam of Tomiinson et al®

categories, injuries treated on an outpatient basis
have the largest impact in terms of personne! re-
sources end military readiness. Sports and physical
‘wraining-related injuries acconnt for a Jarge percen-
age of the lotal injuries in all categories (table V).
- Furthefmore, most injuries treated in US Army out-
patient clinics ere lower exmemity training-related
injuries. 6182 The sheer number of training-
related injuries warmnts investment in research
and prevention programmes to reduce the inci-
_ dence of such events. ]

For vigoronsly active US Army populations, (he
dara clearly indicste that physical waining-related
injuries cacse more limited duty days than all of
the other ouipalient conditions combined. The rel-
ative magnitude of the injury problem, compared
with illnesses, is'a strong argument for 2 systemal-
ically coordinaléd training injury prevention pro-
gramme. While sorveys and surveiliance indicate
- that injuries are an important problem, these tools
alone do not provide the information necessary to
prevent injuries. The foondation of an effective in-
jury prevention programme is detailed knowledpe
of injury risk factors and the causes of injury, which
requires focused research.

2. Research on Risk Factors for
Trasining injuries

When a problem such as waining injuries has
" been identified, the next step in the control process
(see 1able 1) is to identify causes and risk factors.

& a0l intamatonal Umitad, Al rights resarved.

Table V] lists some risk factors for raining injuries
which have been identified by military and civilian
sports medicine studies.|?326l These risk factors
may be categorised as either intrinsic or extrinsic
in natare. Intrinsic factors are inherent charac-
teristics of individuals, for example age, race, gen-
der, anatomical characteristics ar physical fitness.
Extrinsic factors are variables that are external to
the individual, such a¢ physical training pro-

‘grammes, equipment, terrain and weather condi-
. tions, which influsnce the risk of injury. Sections

2.1 10 2.6 highlight some of the key risk lactors for
training-refated injuries in military populations
and illustrate the use of simple survey and research
methods to identify these risk [actors.

Table VI Risk lastors for physical training injurdes in mifitary
poplialiona

Intrinsle tactors
Demographic oharacieristics
aga
rase
gender
olher
Anafomical factors
kigh arches (pes cavus)
*knosk knees' [ganhy valgus)
excesshe Q.angle
olher
Physical finess lavel
low cardiorespiratory sndurance (slow ruh fimes)
low muscls enduranoe (iow numbar of push-ups and sit-ups)
high and low fiexibility (ioe-touching abiity}
ather
Behaviourgl braits
sedeniary (inaclve) lfestyle
[abasto use
olhar
Fasf irjury

Extringic Factors
Training paramelers
high running milaage
frequent marching and running
other
Egquipment facters
boots no! ‘broken ind
ankla braces
olher

Sparts Whed 199 Faks; 27 (2
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. 2.1.Demographic Charocteristics

Demographic data (i.e. age, race and gender) is
routinely maintained in administrative and medical
records for all military personne). Daia on US
Army basic trainees indicate thar older indjviduals
are more likely to sustain injuries.7#7-38 In con-
trast, infantry soldiers®) and mixed groups of sol-
diers with many different occupational special-
ities®) show a declining trend for injuries with
increasing age. This discrepancy between trainees
and soldiers may be explained by the fact that train-
ees all enpage in the same type of physical training.
However, in operational US Army units, older sol-
diers tend to be of higher rank and are, consequently,
‘in staff or supervisory positions; they may have less
exposure to occupational physical hazards compared
with younger soldiers. The decline in injuries with

_increasing age in operational US Army personnel is
in consonance with dara from civilian populagons. %)

Ethnicity® and genderi?®! also appear to influ-
ence injury incidence. Several reports suggest that
‘White trainees experience more stress fractures
and other whining injuries than Black trainees and

‘ those of other non-White ethnic origins.[727381
Black soldiers also experience fewer blisters on the
foot compared with individuvals of other ethnic
origin.®!! Regarding gender, studies of US Anny
basic trainees consistently report injury rates

" among femnale trainees that are 1.5 to 2.0 times
higher than those for male trainees.[78:14-16] Inter-
estingly, multivariate analyses which control for
physical fitness indicate that men and women with

" similar cardiorespiratory endurance (run times) ex-

perience the same risks for injury.®! While age,
race, and gender themselves are notmodifiable risk
factors, altering training programmes and modify-
ing other risk facrors, such as improving individu-
als’ physical fitness levels, may reduce the risk of
injury for some of these higher risk demographic
groups.

2.2 Anotomical Foctors

Mass population screening techniques have
been employed 1o study the possible association

© Adiz memaiioncl Umited. Al riphts raservad.

ol E ) th
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Comulative infny incldence (3}
B
1

10 -
Flaties! 20% Mid 60% Highesr 204

Fotr type (percamile arch helghry
Fig. 1. Relationship belween foot arch height and risk of jower
exirermily injunes among male US Army infantry trainses. Arch
height is the ratio of navicular height to medial metalareal pha-
iangeal joint length. For the flattest 20% compared wilh the
highast 20%, retative risk = 2.3, p < 0,05,

hetween injury risk and anatomical variables, such
as ‘[lat feet’, bowed legs and leg length discrepan-
cies.[?2-33) Observations from 2 study of computer-
digitised photographs of the feet of male US Army
infantry wreinees indicated Lhat recruits with flatrer
feet are at a lower risk of lower extremity injuries
during Lraining than those with ‘normal’ and high
arches (fig. 1).13) This study adds support 1o the
conclusions of a study of lower extremity stress
fractures among soldiers of the Israeli Defense
Force, which demonstrated that individuals with
the flattest feet had the Jowcest injury incidence. 135!

Besides high fool arches, excessive Q-angle
(>15%) of the knee has been shown {o be assocjated
with higher risk of lower extremity stress fractures
and other injuries (fig. 2). Genu valgus (‘knock
knee') was also found to be related 1o risk of over-
use injuries (fig. 3).1%%! Some of these findings are
contrary to commonly held beliefs#! and indicate
the need 10 examine generally accepted but un-
proven lypotheses regarding the association of an-
atomical and other factors with injuries.

2.3 Physical Fitness

Important components of health-related physi-
cal fimess include cardiorespiratory endurunce,

Sporls Med 1909 Faby; 27 (2}
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Cumulative ovaruee Infury incldance (%)

— -1

"3t
<10 115 >15
. Q-Angis )

Fig."2. Relationship between Q-angle and the fsk of overuse
injury in US Armmy mela infamry trainaes. O-angle = the angia
formad by 2 lines, one drawn from the midpoint of the patalla Lo
the Ebiaf tubarasity and the ether from the midpeint of the patella
fo the amerior suparior fliac spina. For weiness with O-angles
«<10° compared with those with O-angles =15, ralative risk =
15, p=0.10P1

muscle strength, muscle endurance, flexibility and
body compesition.?3¢] The US Ammy and other
military populations roufinely measure and record
informetion relaled to these fitness components.
The US Army Physical Fitness Test (APFT) is per-
farmed twice yearly by all soldiers and consists of
tests related to cardiorespiratory endurance [3.2-
kilometre (2-mile) run times], muscle endurance
(ptiéh -ups and sit-ups) and surrogate measure-
ments for body composition (height and weight).
I-'-'r:u'i other fitness factors not routinely assessed by
the mlhtary services, suitable methods for mass
screenmg have been devised and employed in nil-
irary rese.a.rch These include toe tonching and joint
range of motion lo evaluate flexibility, 2940 maxi-
roum voluntary force exertion to assess strength, 41421
and circumferential mezsurements to estimate
body far.14*

The most consistently docurmented risk factor
for injuries in US Army populations is low cardio-
respiratory endurance, measured by running per-
formance. Figure 4 depicts the associalion between
1’6-kilometre (1-mile) run times and cumulative
incidence of injuries during 8 weeks of basic train-

B Adl: indemotional Umited. All figras retarvagi.

ing. Trends for both men and women indicate in-
creasing risk of injury for groups with increasingly
slow run times.[E-'%! Similar trends have been doc-
smented in active duty infantry and combat eng.
ineer populations 10! This observation makes sense
given the ubiquitous nature of weight-bearing
training (running and marching) in the US Army.
Individuals with Jow aerobic capacity will exper-
ence greater physiological stress relative (o their
maximum capacity al any given absolute level of
performance.

Flexibility is another component of physical fit-
ness associared with risk of injury in military pop-
ulations. Prospective measureinents ol toe iouch-
ing ability indicate that US Army Lruinees at both
the high and low extremes of buck and hamstring
flexibility experience more injuries (fig. 5).17) This
bimodal association with higher injury risk in indi-
viduale at the extremes of flexihility is similar to
observations reporied for female collegialeathletes
in 2 study that cmployed goniometric techniques to
measure hip range of motion 548 These duta sug-
gest 2 need o re-examine the widely held belief
that greater flexibility protecls against injury. 71

8 & 3

i)
(=]
1

Cumuletive overuse Injury incidance {35}

—
[ =)
| S

Q4 Qs
(varnus)

)] Qz Q3
{valgus)

Ouintiles of pelvic widlh/patellar widlh ralio

Fig. 3. Relationship beiwasn genu vaIgus/genu varus and fisk
of overusa Injury in US Army male infentry lrainees. Genu var
gus/geny varus was measured as lhe ratio of peivic widlh to
paialiar widlh with large values mndicebve of valgum and small
valuas indicakve of varum, For quinlile 1 compared witn 3, rek-
ative risk = 1.5, p = 0,024

Seoms Med 1969 Fab: 27 (9
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Fig. 4. Relationship betwean 1.6-klomatre (1-mila) run times
and the cumuiative incidance of injurias during 8 weske of bagic
training among male and female US Amy traineas. For men,
the relative risk {quartite 2 compared with 4} = 4.2, p < 0.10; far
women, the relative risk (quartie 2 compared wih 4} = 1.7, p <
0.10; for trends in men and womar, p < 0.05

US Army studies have also found Jess consistent
and jess significant associations between other phys-
ical fitness measures and risk of injury.l-%162L
These include the ability 1o perform only low num-
bers of push-ups and sit-ups and higher percent-

-ages of body far (estimated from skinfold thickness

or circumference measurements). This type of data
. emphasises the need to systematically investigate
the association of suspected physical fitness com-
ponents and other risk factors with the occurrence
of injuries.

2.4 Lifestyle and Behavioural Characteristics

Questionnaires have been used to study associ-
ations of injury risks with lifestyles and habits (e.g.
Physical acrivity and smoking) among US Army
trainees and soldiers. Simple guestions about the
ievel of physical activity prior to entering the ser-
vice and frequency of running, for example, have
provided important clues about: the effect of past
activity on current risks of physical training—related
injunies. Quicomes from these questionnaires demon-
strate the value of asking individuals for informa-
tan on specific behavioural characteristics.

" Several prospective studies of US Army train-
ees and US Marine Corps recruits have reporied

© Adis Intamational Lmiled All Aghts raservad,

that sedentary lifestyle prior to entering the service
is associated with higher risk of injury during ini-
tial entry training.7# /6281 Figpre 6 depicts the as-
sociarion of self-assessed past activity level with
risk of injury during US Army basic training. The
trend of decreasing risk for those trainees who
were previonsly more active than other individuals
of the same age and gender is a consistent finding
among male trainees!’&!1428] byt not among female
trainees. (816 Also, male infantry trainees who run
more frequently prior to entering the US Army ex-
perience fewer injuries during basic training!? (fig.
7). These observations suggest that past physical
activiry is protective against future injunies associ-
ated with physical training, at least among men.
Tobacco smoking is another behavioral health
risk factor reported to be associated with higher
risk of injury amonrg US Army trainees and sal-
diers. Figure 8 demonstrates the relationship be~
lween Lhe swnount of smoking and cumulutive in-
cidences of injury in male infantry trainees.!”!
Similarly, higher injury risk has also been associ-
aled wilh increased smoking by infantry soldiers
(fig. 9).12Y In addition, the use of smokeless lo-
bacce has been associated with rigk of foot blisters
during military road marching.[*/| Whether the as-
sociation belween injury risk and 1obacco use is
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Flg. 5. Ralationship between flexibility 2nd the cumutative inc-
dence of lowsr exttremity injuries in mata US Amny Infantry basic
trainaes. For quintile 1 compared with 3, reiative fisk=2.2, p <
0.05.7
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behavmura.l or physiclogical remains to be demon-
strated. Psychosocial factors such as greater risk
taking behaviour and specific cognitive deficits
have been reported in smokers,¥8) Physiological
factors such as delayed wound bealing, increased
bone demineralisation and immune suppression
are aiso more frequently present in tobacco users
than nonusers.*!48 Determination of Lhe underly-
ing mechanism of the association between tobacco
use and jnjuries will certainly require experimental
ag well as epidemiological investigation.

2.5 Training Factors

For US Army infaniry trainees, risk of injury is
higher in units whose members run a greater to1al
distance. Daily log books completed by training
company staff and direct observations have beeq
uséd to document training. One study®1 observed
that infanury trainees running an average of 17.6
k_ﬂometrcs (11 miles} per week experienced 27%
more lower extremity injuries than those running 8
kilometres (5 miles) per week (42 versus 33%, re-

specuvely). Ironically, individuals in the 2 Lraining

units in this study ran about the same average times
on the 3.2-kilometre {2-mile) run test at the conclu-
sion of basic waining (13.8 versus 13.5 minutes,
mspe.ctlvely, for the high- and low-mileage groups;
= 0.37), indicating the achievement of similar

& Adls infamaniona) Urmifed. Al dghits raserved,

final Jevels of cardiorespiratory filness. Survival
analysis of these date indicated that trainees in the
high mileage unit experienced significantly mare
injuries ar al] points in time; however, no differ-
ences existed in the cumulative incidence of injury
per cumulative distance run. These date sugpest
that there may be a finite risk of injury per miie run
(or perhaps per running stride). These findings are
consisten! with the literature op civilian distance
runners, which indicate higher fisks of injury with
greater distances run per week, /13053

Undoubtedly, training factors other than the
amount of running and marching influcnce the
risks of injury to recruits and trained soldiers.
Documentation of these factors will require more
detailed studies and the use and development of
better, more quantitative, methods of measuring
exercise and training.

2.6 Multivaricie Models of injury Risk

Factors determining risk of injury are clearly
mutitifactorial and compiex. Por this reason, mulii-
variate analytical technigues are necessary to de-
termine which constellations of intrinsic und ex-
trinsic risk factors are most associated with risk of
mjury and 0 control interrelationships between
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Running freouancy (day/waak)
Fig. 7. Relationship between self-reported fraquency of running
in the month priar 1o beginning service 2nd risk af injury In US
Army trainees. For running on <1 day/weak comparad with 24
daysiweak, ralalive risk= 2.2, p < 0.05.M
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Cigarelia srmoking (cigareties/day)
Fig. 8. Reiationship between rigamite amoking and risk of injury
ameng US Army mgle infaniry trainees. For nevar having
smaked comparert with »>2D dgarettas/day, relativa rigk = 1.7,
p<QOsM .
these factors. Methods employed in studies of risk
Factors for exercise-related injuries include Maniel-
Haenzsel stratified ¢? tests,©® logistic regression an-
alysis, 2! 2834 survival analysis®! and proportion-
ate hazard models. 2
Multivariate analysis of data on male infantry
trainees identifies the most significant risk factors
for overuse injuries of the lower extremiries (i.e.
stress fractures, Achilles tendinitis, plantar fasciitis
and overuse knee syndromes) occurring during 12
weeks of infantry basic training. Table VII sum-
marises the rick factors for overuse injuries identi-
fied among infantry trainees.’”) These factors in-
. ¢clude older age, White race, history of an ankle
sprain! lower ambunts of running and physical ac-
tivity prior to entering the army, and higher unit
training miieage duoring basic military training.
Variants of analyses such as these can also be em-
ployed to identify combinations of risk factors that
place soldiers and others at particularly high risk.
Studies of US Army recruits also illustrate the
need to control for confounding facrors. For exam-
ple, in 2l studies of US Army trainees reported in
the literature, womenp experiesnce more injuries
than men;[4-16.27 however, a number of these stud-
ies also indicate that the physical fitness of the fe-

© Adis Infemahianal Umitea, All ngnts reservoed.

male trainees is lower than that of the male trainses
entering the army. When the effect of aerobic fit-
ness (meusured by maximal effort run times) is
controlled for by either stratified analysis or logis-
tic regression analysis, gender ceases to be a risk
factor.8) In other words, the risk of injury is stmitar
among men and women of the same relative Jeve]
of aerobic fjtness. Observations such as this illus-
trare the need (o explore not only the associalions
of singie risk factors with injury bul also the effects
that multiple variables exerl on risks and on each
other. Analysis should begin with a thorough ex-
ploration of univariate associationt but should
progress to muitivariaie maodels to contro! for con-
founding and to illuminate interactions.

In summary, the results of US Army Lraining
injury tesearch Illustrate the need to systematically
study risk faclors for injury. [n some reports, the
results of military reseerch confirm and extend the
findings of studies of civilian populations. For ex-
ample, higher rraining mileagel 12054 and past in-
juries®11 gre risk factors among civilian runners
and exercise participants as well as militery train-
ees. In other reports, Army research appears to
contradict or only partially support commonly held
beliefs abont the causes of injury.[*-*3-5] For exam-
ple, ‘flat feet’ and lower flexibility are widely be-
licved to increase injory risk, but these beliefs are
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Fig.&. Halationship hetween cigarstte smoking and risk of injury
ameng infantry soldiets. For nonsmokers compared with those
EMoking >10 dgarettas/day, relalive risk = 1.7, p < 0.01.2
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Tokie VU, Risk factors for kower extremity overuse injuries among
303 US Army infeniry Imainees followed for »12 weeks of injliai
maining, with adjusiad odds ratios {OF) from iagistic regrassion and
BE% confitence intervals {CI) [Jones BH, ot e, previously
- unpublished dats}

Risik factor injury OR 85% Cl lkr OR
Age {ysars)
<24 10
224, 25 12-5.2°
Ethnic group
Black 1.0
Dthar 23 0594
White a7 12117
Pravicus ankis injury }
Nohe 1.0
Sprain 20 11387
Previoua physical sctivity at wark
Modarate-haavy - 1.0
Light ‘ 20 1.147
Previous physleal activity
Above average 1.0

" Average or hejow 2.0 1,145
Aunning in iast month
>4 dEyRAWRBK 1.0
<4 daysiwesk A1 1287
Unit training dietance (milasiweek)

.Low [B) . 1.0
High {11) 20 1.0.25°
" p (.08,

founded primarily on clinical suspicions; little sys-
tematic epidemiological research has been per-
formed prior to these military studies. More civil-
ian and mijlitary résearch is needed to validate the
tisk faciors. discussed and to discover others.

!

3. Injury Prevention Strategies

Simply identifying risk factors is only part of 2
systematic, comprehensive injury prevention pro-
gramme, Once risk factors have been identified, it
1s important Io devise and test promising preven-
tion strategies — the third step of the injury control
process. Findings from the implementation of these
strategies can prove to be more complex than the
simple hypothesis from which the strategies were
originally generated. -

B Adis Intamahonal Umited, Ad Aghn rasersed.

3.1 Modlfications of Training Programmes

A study conducted by the US Naval Healrth Re-
search Center provides an exampie of a success(ul
prevention strategy thal was adequately lested
prior to impiementation. The study examined the
effectiveness of reducing ronning activity o re-
duce the incidence of stress fractures. As noted in
section 2.5, an observational study indicated that
training mileage was associated with a high cumu-
lative incidence of injuries.*®! Naval research
personne) stadied 3 groups (] control and 2 test
groups) with more than (000 marine recruils in
each. The groups performed different amounts of
organised running during their 12-week boot camp.
Individuals with stress fractures were tracked dur-
ing the 11-week truining cycle and trainees’ final
4.8 kilometre (3-mile) run times were obtained (ta-
ble VIII). Comparing the highest and lowest mile-
age groups shows that a 40% reduction in running
distance resulied in 4 54% reduction in strexs [rac-
tures with only slightly slower (2.5%) run times at
the end of boot camnp. Thus, stress fructures could
be redoced with minimal losses in cardiorespira-
tory endurance. [%3]

3.2 Modificotions of Equipment

Use of an ankle brace to prevent parachute
jump~related injuries provides another example of
a successful prevention trial. Military parachuting
injuries have been reporied to be 8 10 14 inju-
ries/1000 alrcraft exits, with ankle injuries ac-
counting for about 30 w 60% of the (otal l5¢56]
Studies in the sports medicine literature strongly
suggest that ankle bracing can reduce the incidence
of ankle injuries.5798 An experimental study was
conducted on 745 military airborne students who
performed a total of 3725 aircraft exits for which
about half of the students wore ankle braces and
half did not.!*¥ Ankle sprain incidence was 1.9%
in nonbraced students and 0.3% in brace wearers
(relative risk 6.3, p < 0.04). For all injuries, the
braced group had 2 4.3% incidence whereas the
nonbraced group had & 5.1% incidence (relatjve
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[:{;rfl.z, p = 0.92).155] The brace did not influence
other types of injuries.

i While investigating the effect of foorwear
thoice, a study of Israeli Defense Force trainees
revealed that a high-top athletic shoe worn during
training prevented foot injuries compared with the
standard combat boot;[*¥! however, the overall
lower extremnity injury rates for the 2 groups were
the same. .

These latter 2 stdies 559 supgpest that the inci-
dence of specific injuries can be reduced without
influencing the incidence of total injury. It may be
prudent (o balance the injury reduction capability
of a speeific intervention against the total injury
piéturc before costly interventions are instituted.

Even unsuccessful prevention trials are valu-
able since they save further expenditure of re-
sourees bn strategies that may not work. In the mid-
1980s,. tre US Marine Corps was prepared to
purchase shock-absorbent boot insoles for issue to
all incoming recruits in order to reduce the inci-
dence of stress fractures. The sports medicine lit-
erature suggested that such an jpiervention coujd
reduce the likelihood of some injuries. (60611 Before
committing funds, however, a study was commis-
sioned to determine the efficacy of the insoles.
Gardner et al.™ followed more than 3000 US
Maripe recruits who were randomly assigned o
wear a shock-absorbent insole or a non-shock-
absorbent insole. The incidence of stress fractures
did not differ between the 2 groups, indicating that
the shock-absorbent boot insoles under cansideration
did not prevent stress fractures in this population.
This study saved the US Marine Corps consider-
able expense and demonstrated the cost-efficiency
of such testing.

Table VIU. Total running distance, stress fraciure incidance and
final 4.B-km {3-mile) run times among 3 groups of make US Martine
/Carps recruils during & 2-waak boot camp/®

Numberin  Total running  Stess frecture Final run
group distence Jom}  incidance timg
L [miles] {numberf00 recrults}  {min)
136 B4 [55) 37 20,3
1117 BH {41) 27 207
1087 53 [33) 1.7 209

£ Adls InTemotional Umited, &l dgh: resarved,

4. Conciusions

The first step of the injury control process (see
table I) is 1o determine whether a problem exisis.
Medical surveiliance data indicates Lhat injuries
are an important problem for the US Army. Unin-
lentional (accidental) injuries cause about 50% of
deaths, 50% of disabilities, 30% of hospitalisalions
and 40 to 60% of outpatient visits. For every un-
inentional injury death, there are about 20 injury
disabilities, 100 hospitalisations and 1500 out-
patient visits. Furthermore, epidemiological sur-
veystsH 151619211 and surveillance data indicate
that physical training-—related injuries in the US
Army result in significant, usually tempomry,
losses of personne] resources. 80 to 90% of limited
duty days for trainees and infaniry soldiers who
visited outpatient clinics result from training inju-
ries. Medical surveillance .data further helps to
prioritise the allocation of resources for prevention
and research. As a result of data such as thase pre-
sented, preater emphasts is being given o injury
surveiltance, prevention and research. For this rea-
son, US Army and Navy research programmes
have been developed 1o study training-related in-
juries,

The second step of the injury control process is
identification of modifiable causes and risk fac-
tors. US Army research documents a number of
potentially modifiable risk faclors for these inju-
ries,[671631) ipcluding:

+ high volumes of running

jow levels of physical fitness

high and low levels of flexibility

» sedentary lifestyle.

* tobacco use.

Some risk [actors, such as body morphology, flex-
ibility and smoking, warrant further study.

Demonstrating thal a problem exists and identi-
fying rick factors for injury is not sufficient to pre-
vent the occurrence of injury. Knowledge of injury
rates and risk factors provided by surveillance and
research are of limited value unless they are integ-
rated with other essential elements of an injury pre-
venlion programme. The ullimaie goal of injury
surveillance and research is injury prevention. The
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third step of the control process is the determina-
tion of what is effective in preventing injuries. Pre-
vention strategies shounld be tested prior to pro-
gramme implementation.

<*'The fourth step of the injury control process,
dissemination of information from surveillance
and research programmes directly to those who can
nse it to prevent injuries (military commanders,
sbldiers, policy makers, e1c.), is the key to success-
ful‘prevention of injuries in the US Army. Once
programmes are in place, programime effectiveness
shouid be monitored. This is the fifth and.final step
of the injury control process. - "
< In the US military services, the jafrastructure
for a comprehensive injury prevention programme,
integrating surveillance, research, intervention,
programme implementation, and programme mon-
itoring, has been developed. The same general
principles of injury prevention and contro! apply 1o
¢ivilian sports and exercise.

4
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ABOUT STIPDA

The State and Territorial Injury Prevention Directors Association (STIPDA) is a national non-profit
organization of professionals committed to protecting the health of the public by sustaining, enhancing
and promoting the ability of state, territorial and local health departments to reduce death and disabili-
ty associated wich injuries. To advance this mission, STTPDA engages in activities to increase awareness
of injury as 2 public health problem; provide injucy prevention and control education and training;
enhance the capaciry of public health agencies to conduct injury prevention and control programs; and

support public health policies designed to advance injury prevention and control.
For more information about STIPDA or Safe States, please visit the STTPDA website at www.stipda.org.
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