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Mechanisms of Basketball Injuries
Reported to the HQ Air Force

Safety Center
A 10-Year Descriptive Study, 1993–2002

Bruce R. Burnham, DVM, MPH, G. Bruce Copley, PhD, MPH, Matthew J. Shim, PhD, MPH,
Philip A. Kemp, MS

Background: Basketball is the most popular sport among the U.S. Air Force (USAF) active duty
population and causes a large number of lost-workday injuries. The purpose of this study is to
describe how basketball injuries occur to allow development of effective countermeasures.

Methods: This study used data derived from safety reports obtained from the USAFGround Safety
Automated System. Basketball injuries for the years 1993–2002 that resulted in at least one lost
workday were included in the study conducted in 2003. Narrative data from 32,818 safety reports
were systematically reviewed and coded in order to categorize and summarize mechanisms associ-
ated with these injuries.

Results: A total of 2204 mishap reports involving active duty USAF members playing basketball
were documented by the study. This study identifıed seven mechanisms causing basketball injury.
Two similar causes involving jumping (landing awkwardly and landing on someone’s foot) ac-
counted for 43% of basketball injuries followed by collisions with other players (10%).

Conclusions: This study shows thatmechanisms of basketball-related injury can be identifıed using
the detailed information found inUSAF safety reports. Knowledge of leading hazards ormechanisms
for basketball injuries can be used to prioritize and develop prevention strategies.
(Am J PrevMed 2010;38(1S):S134–S140) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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istorically the focus of military safety activities
has been directed toward preventing fatalities.
However, the U.S. Air Force (USAF) has re-

ently taken a more active interest in reducing lost-workday
njuries. In an effort to better understand the nature of lost-
orkday injuries, an in-depth descriptive epidemiologic
tudy was conducted at the HQ Air Force Safety Center
AFSC) using data from theUSAF’s groundmishap report-
ng system, the Ground Safety Automated System (GSAS).
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It is well established that sports and athletics are a
ajor cause of serious, nonfatal injuries for the mili-

ary.1,2 Both civilian and military studies have shown
asketball to be a leading cause of sports and recreation
njuries.3–8 While strains and sprains of the lower ex-
remities are found to be the most common injuries, a
ide range of injury types and body parts have been
ocumented.9–14 Studies that attempt to address the
ause of basketball injuries through identifying risk fac-
ors or mechanisms are scarce.
While the studies reported in the sports medicine lit-

rature are a good start, they usually lack descriptions of
he detailed events which cause basketball injuries. The
resent study attempts to use GSAS, a large, detailed
ishap reporting (safety) database to fıll the gap present

n the literature regarding the different mechanisms of
njury in adult recreational basketball. The generic exter-
al cause codes (ICD-10) employed bymedical databases
re not detailed enough for developing interventions for

pecifıc sports. This defıciency is in great part due to the
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ack of detailed documentation of sports and recreation
njuries in medical records. Most medical sources of data
o not provide either an adequate number of injury re-
orts to allow aggregation into mechanisms, or suffıcient
etail formeaningful action. The safety data in this report
hould provide a good start toward supplying details of
ow basketball injuries occur.
This study answered a request for information from a
epartment of Defense (DoD) organization, the Defense
afety Oversight Council’s Military Training Task Force.
he council and task force wanted to know if safety data
ould be used for injury prevention purposes. While
afety data have historically been used to defıne priorities
ased on fatalities, the purpose of this study was to deter-
ine the potential capabilities of using safety data for the
revention of nonfatal injuries, in this instance, sports
njuries. As an example of this capability, this report
ocuses on injuries arising from participation in orga-
ized basketball that were serious enough to cause 1 or
ore days of lost work or duty.

ethods
his paper describes a retrospective descriptive analysis of
asketball injuries occurring among active duty USAF per-
onnel over a 10-year period from 1993 to 2002. During that
eriod of time the USAF population declined from 439,902
n 1993 to 363,787 in 2002 (Table 1). In 2002 the USAF
opulationwas 80.4%men and 19.6%women. The outcome
f interest for this study was basketball injuries serious
nough to cause 1 ormore days of lost duty and requiring an

able 1. USAF population and frequencies and rates of
ost workday basketball injuries reported to the AFSC
rom 1993 to 2002

Year Population
(n)

Frequency of
lost workday
basketball
injury
reports (n)

Rates of lost
workday
basketball injuries
(per 10,000
population)

1993 439,902 387 8.8

1994 422,024 289 6.8

1995 396,102 244 6.2

1996 384,719 220 5.7

1997 373,082 200 5.4

1998 363,206 181 5.0

1999 356,214 174 4.9

2000 351,104 191 5.4

2001 347,782 161 4.6
n2002 363,787 157 4.3

anuary 2010
ccident report to the AFSC. In order to identify basketball
njuries meeting that defınition, 32,812 accident/mishap re-
orts had to be reviewed and categorized.
Detailed methods for identifying and developing hazard

cenarios for activities and mechanisms of sports and other
njuries are given in a separate paper in this supplement.15 In
003 GSAS data from Fiscal Years 1993 through 2002 were
nalyzed and grouped by activity (e.g., motor vehicles, falls,
ports) as shown in Table 2. Within each injury activity,
escriptive hazard scenarios were developed that could po-
entially inform prevention efforts. As a list of activities had
ot previously been developed from the GSAS, the list was
ormulated using a rigorous process of reading reports, cat-
gorizing similar mishaps, and continually refıning the list
o capture the greatest number of similar mishaps.15 The
ınal list of activities and mechanisms (Table 2) captured
6% of the mishaps that occurred during the study period.
This paper describes injuries from only basketball. GSAS
oes not contain reports on all injuries at the time of this
tudy as reporting was required only on injuries resulting in
t least one lost workday—hence the focus on lost-workday
njuries. Although descriptive statistics (frequencies, distri-
utions) were produced for a wide variety of factors such as
ıscal year, age, major command, functional area, injury
ype, and activity, only overall activities/mechanisms and
azard frequencies are presented in this paper because of
mall numbers of women, and in age and race groups.

esults
asketball was found to be the leading cause of injuries in
he sports and recreation subcategory for the entire 10-
ear period, 1993 to 2002. With 2204 total lost-workday
njuries reported, basketball ranks number four overall,
ith almost twice the number of injuries as softball, the
econd most frequent cause of sports and recreation in-
uries. For USAF active duty personnel during this time
eriod, basketball ranked second overall in total injuries,
nd fourth in total lost workdays when only active duty
ilitary reports (no USAF civilian reports) were summa-
ized (Table 2). The on-base percentage (%) column in Ta-
le 2 reflects the percentage of mishaps occurring on a mil-
tary installation. For all three of the major sports
basketball, softball, and football) roughly three quarters of
he injuries occur on-base—reflecting the high number of
ecreational facilities per capita on USAF installations.
Table 3 lists the top seven mechanisms of basketball

njuries, and summarizes the fındings for the 2204
asketball injuries reported. The top fıve such mecha-
isms or hazards could be summarized further as land-
ng after jumping, player contact, and running/pivot-
ng/cutting; these categories account for a majority of
he injuries (71%) (Table 3). Overall the seven mecha-

isms listed accounted for 86% of all basketball inju-
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ies as seen in Table 1. Two specifıc mechanisms from
able 3 for landing after jumping (landing awkwardly,
nd landing on someone else’s foot) account for 43% of
asketball injuries. Another key fınding is that 21% of
njuries (struck by another player and collisions) are
aused by some form of contact with another player.
able 4 also gives specifıc examples of the injuries
ound in each hazard group. For example, the main
ype of injury associated with jumping and landing
wkwardly or on another player’s foot was sprains. Not
nsurprisingly, sprains accounted for 58% of landing
njuries.
Tables 2 and 3 also provide data regarding severity of

njury, in terms of the average and median number of
ost workdays per injury. Achilles tendon injuries
aused the highest (12.5) average number of lost work-
ays. These data also indicate that jumping and land-
ng on another player’s foot caused less severe injuries
han landing and rolling the ankle on the floor.
Summarizing across mechanisms in Table 4, sprains
ere the leading type of injury overall (38%), followed
y fractures (24%), strains (15%), and ruptures (11%).
hese data indicate that GSAS reporting is weighted
eavily toward more serious injuries. Table 4 provides
ata on which injury types are caused by different

able 2. Top ten activities associated with lost workday i
993–2002a

Rank Activity Tot
wor

1 Operating vehicles or equipment 46,

2 Basketball 12,

3 Slips/trips/fallsb 14,

4 Lifting/carrying (not slips, trips, or falls) 3,

5 Softball 6,

6 Riding in/on vehicles or equipment 13,

7 Climb/descend stairs or ladder 6,

8 Flag football 5,

9 Struck/struck by objectc 5,

10 Trail riding—dirtbike/ATV/Quad 5,

Excludes categories such as “standing,” which convey only inciden
Numerous activities were associated with this category, but specifi
softball, or climbing a ladder or stairs) were included in those more-s
fall category. Activity breakdown: general walking (n�2363); ste
entering/exiting buildings or vehicles (n�368); carrying items (n�
associated with sports, jogging, or physical training (n�138); and d
Does not include people being struck by objects that they dropped;
also does not include being hit by a motor vehicle (pedestrian injur
pecifıc hazards/mechanisms. i
iscussion
he greatest value of these data on basketball originates
rom the detail on causes and mechanisms, which is not
vailable in most medical or sports databases. This study
hows that safety report data can be coded and summa-
ized in a way that could be useful for prioritization and
revention of time loss injuries. It identifıes seven mech-
nisms of basketball injuries that can serve as a founda-
ion for future prevention strategies.
Although the decreasing trend in frequency of basket-
all injuries during the 1990s is noteworthy, it should be
nterpreted with caution. Numbers of almost all of the
njuries for other activities in the safety database have
ecreased in a similarmanner during this 10-year period;
he decrease was probably due to the drawdown in active
uty members and changes in hospitalization practices
personnel communication) rather than from the imple-
entation of any program or countermeasure (Table 1).
lso, the unknown percentage of USAF personnel who
lay basketball, and likely changing recreational patterns,
ake it diffıcult to calculate rates. The detailed safety

nformation onmechanisms of basketball and other inju-
ies will be most useful for epidemiologic purposes if
inked tomore complete but less detailedmedical data on

es, reported to the AFSC, active duty USAF personnel,

st
s

Total lost
workday
injuries (n)

Lost workdays per
injury
(M/median)

On-base %

4,390 10.7/3 13

2,165 5.8/2 78

2,032 7.2/3 61

1,231 2.8/2 72

1,171 5.8/3 71

1,147 11.4/4 16

965 7.2/3 59

939 5.8/3 74

932 5.6/2 73

454 12.3/7 8

tivities.
ll-defined activities (e.g., slip, trip, fall due to playing basketball or
fic categories rather than being included under this general slip, trip,

up or down from/to uneven surfaces such as curbs (n�380);
); handling or carrying items or equipment (n�155); running not
s of other activities.
struck by a dropped object is categorized here as lift/carry/handle;
e included in lower-frequency categories not included in this table).
njuri

al lo
kday

818

520

554

386

843

023

902

406

208

563

tal ac
c we
peci
pping
254
ozen

being
njuries. Although such a linkage was beyond the capabil-
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ties of this safety data study, safety andmedical data have
een linked for priority setting purposes by the Defense
ilitary Injury Priorities and Prevention Working
roup.16

Despite possible shortcomings, the fındings of this
tudy are consistent with other studies regarding mecha-
isms of basketball injury.16,17,18 One large observational
tudy17 documented 10,393 participations (a game in
hich a player participated in part or all of the game
bserved) and 40 injuries. That study identifıed eight
echanisms of basketball injuries: landing (45%, half on
nother person’s foot and half on floor); sharp twist, cut,
r turn (30%); collisions (10%); falls (5%); sudden stop-
ing (2.5%); and tripping (2.5%).17 Three risk factors for
njury were identifıed by that study: a history of ankle

able 3. Frequency of mechanisms and hazards producin
SAF personnel, 1993–2002 (2204 injuries)a

Mechanism/hazard Example(s) Inj
rep
(%

Jumped, landed
awkwardly

Jumped for rebound, rolled
ankle

57

After lay up, landed on
side of foot

Jumped, landed on
player’s foot

Jumped, landed on
defender’s foot

37

Came down on foot when
rebounding

Collided
Collision with another

player
22

Ran into from behind

Achilles damage Ruptured Achilles tendon 16

Tore Achilles tendon

Ran, pivoted, cut
Pivoted quickly and injured

foot
14

Stopped quickly and
strained knee

Fell, unspecified Slipped and fell 13

Fell and landed on wrist

Struck by another
player (push, kick)

Struck by player in eye 10

Elbowed by player in nose

Other 48

Total basketball-related lost workday injuries reported to the AFSC,
njury, players wearing shoes with air insoles, and players o

anuary 2010
ho did not stretch before the game. Another study,
hich reported results of a large interview survey that
sed a classifıcation scheme based on the International
lassifıcation of External Causes of Injury system, found
hat the most common mechanisms for all sports and
ecreation injuries were being struck by/against, falls, and
verexertion.18 A study that used video analysis of 39
nterior cruciate injuries of basketball players deter-
ined that female players landedwithmore knee and hip

lexion and had a higher relative risk of sustaining a
algus collapse thanmale players.19 Hootman’s extensive
eview of 15 NCAA sports found that player contact was
he most common mechanism for all sports, and pro-
uced the majority of injuries even in sports that limit or
estrict player contact such as basketball.20 The similarity

sketball injuries, and potential prevention modalities,

d
l)

Average
number of
lost workdays
per injury

Possible prevention

) 5.4
Implement training to improve

balance32

Ankle braces24

) 3.1
Implement training to improve

balance

Ankle braces

) 6.5 Enforcement of rules

12.5
Conditioning, shift emphasis

from stretching to warming up
prior to play

6.9
Shift emphasis from stretching

to warming up prior to play

6.7
Implement training to improve

balance; dry floors

5) 4.2 Eye guards, mouth guards

) 5.1

3–2002�2204
g ba

uries
orte
tota

8 (26

0 (17

1 (10

2 (7)

5 (7)

9 (6)

0 (4.

9 (22
f the seven leading injury mechanisms identifıed in this
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able 4. Frequency of injury type by mechanism

Mechanism Injury type Frequency

Achilles Rupture (complete organ tears/achilles tendon) 144

Sprain (tear of ligament/joint/cartilage/tendon) 10

Strain (includes muscle injuries/whiplash/spasm) 8

Collision Contusion 21

Dislocation (separation/subluxation) 18

Fracture (chipped bones/compression/compound) 77

Sprain (tear of ligament/joint/cartilage/tendon) 48

Strain (includes muscle injuries/whiplash/spasm) 30

Other 27

Fell Fracture (chipped bones/compression/compound) 65

Sprain (tear of ligament/joint/cartilage/tendon) 27

Strain (includes muscle injuries/whiplash/spasm) 22

Other 19

Jumped Dislocation (separation/subluxation) 18

Fracture (chipped bones/compression/compound) 103

Rupture (complete organ tearsachilles tendon) 33

Sprain (tear of ligament/joint/cartilage/tendon) 308

Strain (includes muscle injuries/whiplash/spasm) 106

Other 10

Landed awkwardly Contusion 4

Dislocation (separation/subluxation) 10

Fracture (chipped bones/compression/compound) 93

Rupture (complete organ tears/achilles tendon) 6

Sprain (tear of ligament/joint/cartilage/tendon) 241

Strain (includes muscle injuries/whiplash/spasm) 16

Running, cutting Fracture (chipped bones/compression/compound) 15

Rupture (complete organ tears/achilles tendon) 15

Sprain (tear of ligament/joint/cartilage/tendon) 60

Strain (includes muscle injuries/whiplash/spasm) 46

Other 9

Struck by player Abrasion/scrape/scratch 24

Concussion 12

Contusion 36

Fracture (chipped bones/compression/compound) 82

Laceration (tears/cuts) 27

Rupture (complete organ tears/achilles tendon) 24

Sprain (tear of ligament/joint/cartilage/tendon) 37

Strain (includes muscle injuries/whiplash/spasm) 27

Other 20

Other Sprain 29
Strain (includes muscle injuries/whiplash/spasm) 57

www.ajpm-online.net
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aper to those identifıed by other investigations gives
redence to safety data.17,20

The large percentage of injuries associated with jumping in
his paper is also consistentwith the current literature21–24 and
s particularly noteworthy, as they are largely injuries to the
nkle, andpoint to thepotentialbenefıtsofdevelopingsuccess-
ul countermeasures targeted against preventing ankle sprains.
heseinjuriesalsopresentauniqueopportunityforprevention
s a higher percentage (78%) occur on-base than any other
portsandrecreationactivity.TheUSAFcouldwellprovidethe
vidence and impetus needed to fuel a much broader accep-
ance of successful ankle injury countermeasures.
A number of articles focus on preventing ankle inju-

ies, themost commonbasketball injury.25–34 These stud-
es have examined ankle braces, ankle taping, and balance
raining. The most compelling of these is the systematic
eview by Thacker et al.,31 which found semirigid ankle
races to be effective in preventing ankle sprain, and that
races do not adversely affect performance.
It was judged by the AFSC that some successful pre-

ention strategies, such as ankle taping and balance train-
ng, would require a substantial amount of time and ex-
ertise that may not be practical. For this reason, the
FSC initiated a demonstration project in 2006 to evalu-
te the acceptability of mandating universal use of semi-
igid ankle braces at two USAF bases. Ankle braces were
equired for all intramural basketball games for one com-
lete season. Ankle sprains were noticeably reduced dur-
ng the demonstration; however, the numbers of players
t the USAF bases were insuffıcient to prove the effıcacy
f ankle braces. The project did show that required use of
races on a community-wide scale was possible. Al-
hough the braces were supplied to the players by the
FSC, the project found that a greater selection of braces
ight increase acceptability (unpublished report). These

ındings were consistent with the results of a randomized
rial of an ankle brace for intramural basketball at West
oint Military Academy showing a 64% reduction in
nkle injuries among brace-wearers.34

The list of potential countermeasures included in Table 3
s not limited to “proven” prevention countermeasures;
ather, it is a brainstorming list of potential prevention strat-
gies. It is included to illustrate that possibilities for preven-
ion exist for each of the mechanisms identifıed. These
ould require evaluation prior to broad implementation.
The principal limitation of this study is the unknown
egree of under-reporting of injuries by safety offıcials.
he reporting process relies on a chain of events with a
umber of weak links: the injured player notifying the
upervisor, the supervisor notifying safety, and the
afety offıce investigating the mishap and fınally re-
orting to the AFSC. Internal and external estimates of

nder-reporting have varied from 50% to 90% under- s

anuary 2010
eporting (unpublished data). In 2003, a DoD working
roup found that only 4% of USAF outpatient visits
ere reported to safety (unpublished data). This prob-
em of probable under-reporting is most likely due to
any factors, but the issue of possible under-reporting
ay not be as serious as fırst appears when it is consid-
red that the system captures only acute traumatic
njuries that are immediately reported and that result
n 1 or more days of lost duty. Another limitation is the
ack of accurate denominator or exposure data. Expo-
ure data on the number of USAF personnel who play
asketball and other sports are needed. Nevertheless,
ecause there will be no data on the underlying mech-
nisms of basketball and other sports or occupational
njuries if safety data are not utilized, the USAF and
ther Services should proceed to code and use mishap
eports to help prevent nonfatal injuries. At the same
ime, ways to improve the data should be pursued.

onclusion and Recommendations
he results of this study allowed the development of a
seful list of codable hazards for basketball injuries re-
orted to the Air Force Safety Automated System. This
ist and other similar ones should allow the USAF’s mis-
ap reporting system to incorporate more detailed haz-
rd codes in the future. The USAF safety data are suffıcient
ohelp identify priorities and tobegindevelopmentof inter-
entions to prevent basketball and other injuries.
Safety data provide details of themechanisms and haz-

rds of basketball and other injuries that are absent in the
urrent medical surveillance systems, which use less pre-
ise medical coding systems. Safety data such as those
resented here would be most valuable for public health
nd epidemiologic purposes if linked to medical surveil-
ance data, such as was done by Ruscio et al.16 Even
ithout such linkages to medical data, safety data such as
hose on basketball presented in this paper are of substan-
ial value. Without data such as these, all that would be
nown is that basketball causes injuries, without further
nsight into the fact that hazards such as landing on
nother player’s foot or collisions with other players are
mportant, direct, proximate causes of injury. It is recom-
ended that safety data be used to routinely subcatego-
ize injury causes by underlying mechanism and hazards
f injury. Furthermore, it is recommended that epidemi-
logic studies using medical data on basketball and other
njuries be supplementedwith safety data to acquiremore
dequate detail for injury prevention purposes.

e gratefully acknowledge all the members of the Re-

earch and Epidemiology Branchwho participated in this
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