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Effect on Injuries of Assigning Shoes
Based on Foot Shape in Air Force

Basic Training
Joseph J. Knapik, ScD, Lorie C. Brosch, MPH, MD, Margaret Venuto, MA, MPH,
David I. Swedler, MPH, Steven H. Bullock, DPT, MA, Lorraine S. Gaines, MS,

Ryan J. Murphy, BS, Juste Tchandja, MPH, Bruce H. Jones, MPH, MD

Background: This study examined whether assigning running shoes based on the shape of the
bottomof the foot (plantar surface) influenced injury risk inAir Force BasicMilitary Training (BMT)
and examined risk factors for injury in BMT.

Methods: Data were collected from BMT recruits during 2007; analysis took place during 2008.
After foot examinations, recruits were randomly consigned to either an experimental group (E,
n�1042 men, 375 women) or a control group (C, n�913 men, 346 women). Experimental group
recruits were assigned motion control, stability, or cushioned shoes for plantar shapes indicative of
low, medium, or high arches, respectively. Control group recruits received a stability shoe regardless
of plantar shape. Injuries during BMT were determined from outpatient visits provided from the
Defense Medical Surveillance System. Other injury risk factors (fıtness, smoking, physical activity,
prior injury, menstrual history, and demographics) were obtained from a questionnaire, existing
databases, or BMT units.

Results: Multivariate Cox regression controlling for other risk factors showed little difference in
injury risk between the groups amongmen (hazard ratio [E/C]�1.11, 95%CI�0.89–1.38) orwomen
(hazard ratio [E/C]�1.20, 95% CI� 0.90–1.60). Independent injury risk factors among both men
and women included low aerobic fıtness and cigarette smoking.

Conclusions: This prospective study demonstrated that assigning running shoes based on the
shape of the plantar surface had little influence on injury risk in BMT even after controlling for other
injury risk factors.
(Am J PrevMed 2010;38(1S):S197–S211) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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ntroduction
unning shoe companies, popular running maga-
zines, and other publications1–6 suggest that the
shape of the bottom of the foot (plantar sur-

ace) can be used as an indication of medial longitudi-
al foot arch height and foot flexibility, and that plan-
ar shape can be used to select appropriate types of
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unning shoes. Shoe manufacturers market three classes
f running shoes designed for individuals with high, nor-
al, and low arches: cushioned, stability, and motion
ontrol, respectively. These shoes are hypothesized to
educe injuries by compensating for presumed differ-
nces in running mechanics.6

The practice in the U.S. Air Force (USAF) has been
o provide a single running shoe to recruits entering
asic military training (BMT). However, in U.S. Army
nd U.S. Marine Corps basic training, new recruits
ave been assigned running shoes based on their plan-
ar shapes, as recommended by the shoe companies
nd running magazines. This occurred despite the fact
hat there was insuffıcient evidence in the scientifıc
iterature to determine whether this strategy had any
ffect on injury rates.7 The Military Training Task
orce of the Defense Safety Oversight Council com-

issioned a study of this issue to see if the prescription

ve Medicine Am J Prev Med 2010;38(1S)S197–S211 S197
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echnique should be adopted in USAF BMT. A parallel
tudy was conducted in U.S. Army Basic Combat
raining.8 The major purpose of this paper is to report
n the results of the evaluation, which was to deter-
ine whether or not injury risk could be reduced in
SAF BMT by assigning running shoes based on plan-
ar shape. A secondary purpose is to examine injury
ates and injury risk factors in BMT as no previous
tudy has done this.

ethods
ubjects

he subjects were men and women involved in BMT at
ackland Air Force Base, Texas, from March through June
007. On entry to BMT, recruits were briefed on the pur-
oses and risks of the study. Those wishing to participate
igned an informed consent statement, which, along with
he research protocol, had been approved by the institu-
ional review board ofWilford Hall Medical Center at Lack-
and Air Force Base, Texas.

tudy Design

his was a randomized controlled study spanning 4months
uring 2007. Study participants were randomly assigned to
ither an experimental (E) or a control (C) group, based on
rder of arrival for testing. Experimental group subjects
ere provided amotion control, stability, or cushioned run-
ing shoe based on their plantar foot shape. Control group
ubjects received a standard stability running shoe regard-
ess of the shape of their plantar surface.

nitial Testing Procedures

mmediately after informed consent was obtained, volun-
eers were administered a questionnaire that asked about
obacco use, physical activity, injury history, and (for
omen) menstrual history. To determine the shape of the
lantar surface, the barefoot volunteers in both groups
ounted the acrylic platform of a device with a mirror that
eflected the underside of the trainee’s foot.9 This provided a
iew of the footprint, showing the amount of the foot in
ontactwith the acrylic surface. The subjectswere instructed
o standwith equal weight on each foot and feet comfortably
part. The area encompassed by the footprint was examined
y two testers, sitting side by side. The testers independently
udged whether the plantar surface was high arched, normal
rched, or low arched, based on templates:6More area in the
iddle third of the plantar surface indicated a low plantar
hape and less area a high plantar shape. If the assessments of
he two raters differed, they discussed the assessment and

eached a consensus. l
unning Shoe Assignments

ubjects in the control group received a New Balance 498
hoe regardless of plantar shape. Experimental group sub-
ects with plantar shapes indicative of low arches received a
ew Balance 587 (motion-control shoe); those with plantar
hapes indicative of high arches received a New Balance 755
cushioned shoe). Experimental group subjects with plantar
hapes indicative of normal arches received a New Balance
98 (stability shoe). If, for an experimental-group subject,
he plantar shapes differed for the right and left foot, the
aters considered the degree of difference and selected the
losest plantar shape. For example, a subject with a plantar
hape indicative of a moderately high left foot arch and a
lantar shape indicative of a normal right foot archwould be
ssigned a stability shoe, since the left foot arch was not
udged extremely high.

hysical Fitness Assessments

ithin 2 to 4 days of arrival in their training units, recruits
ook the physical fıtness assessment test, whichwas repeated
n the 5thweek of training. The test consisted of three events:
1-minute maximal effort push-up event, a 1-minute max-
mal effort abdominal crunch event, and a 1.5-mile run for
ime, conducted in that order. The three fıtness assessment
vents were administered by military training instructors
sing standardized procedures.10

hysical Characteristics

he subjects’ heights, weights, and abdominal circumfer-
nces weremeasured on the same day that theywere initially
ested and received their shoes. A three-dimensional body
canner (Human Solutions, Kaiserslautern, Germany) in-
orporated a force platform tomeasure weight and a laser to
easure height. Abdominal circumference was measured
uring the initial physical fıtness assessmentwith an anthro-
ometric tape. The tapewas placed parallel to the floor at the
evel of the iliac crest, and themeasurement was made at the
nd of a normal expiration. Height and abdominal circum-
erence were obtained only on entry to BMT but weight was
btained on entry and at Week 5 of BMT.

emographics

he Army Medical Surveillance Activity (now the Armed
orces Health Surveillance Center) provided demographic
ata for study subjects from the Defense Medical Surveil-
ance System (DMSS). The DMSS regularly and systemati-
ally incorporates into their systems demographic data from
he Defense Manpower Data Center. Information obtained
rom the DMSS for study subjects included date of birth,
omponent (active, Reserve, National Guard), educational

evel, marital status, and race.

www.ajpm-online.net
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njury Outcomes

n addition to demographic data, the DMSS regularly incor-
orates data on ambulatory (outpatient) encounters that
ccur within military treatment facilities, as well as those
hat occur outside the medical treatment facilities but are
aid for by the Department of Defense. The DMSS provided
isit dates and codes from the ICD-9-CM for all outpatient
edical visits within the BMT timeframe for each subject.
he fırst four diagnoses for each visit were considered, al-
hough a single visit usually resulted in only one diagnosis.
ive injury indices were calculated: the Installation Injury
ndex, the Modifıed Installation Injury Index, the Overuse
njury Index, the Training Injury Index , and the Compre-
ensive Injury Index (CII). All indices include specifıc ICD-
-CM codes, as described previously.11

The Installation Injury Index has been used to compare
njury rates among different military posts and is reported
n a monthly basis at the Armed Forces Health Surveillance
enter website (afhsc.army.mil/) where the specifıc ICD-
-CM codes are also provided. The Modifıed Installation
njury Index is similar to the Installation Injury Index but
aptures a greater number of overuse-type injuries (i.e.,
hose resulting from cumulative microtrauma). The Over-
se Injury Index specifıcally captures the subset of both
pper and lower body overuse-typemusculoskeletal injuries
nd includes such diagnoses as stress fractures, stress reac-
ions, tendonitis, bursitis, fasciitis, arthralgia, neuropathy,
adiculopathy, shin splints, synovitis, and strains. The
raining Injury Index is limited to lower extremity–overuse
njuries and has been used to compare injury rates among
asic training posts. The Comprehensive Injury Index cap-
ures all ICD-9-CM codes related to injuries, both traumatic
nd overuse.

ttrition

ome subjects did not complete the entire 6-weekBMTcycle
ith their initially assigned unit, but inmost cases their data
ould be included for the time they remained in training, as
escribed below. Reasons for attrition included discharge
rom the air force or reassignment to a new unit (recycle).
ischarges and recycles were obtained from a local data
ystem maintained at Lackland AFB.

ata Analyses

he data from this study were analyzed during 2008. Age
as calculated from the date of birth to the date of the
nformed consent briefıng. BMI was calculated as weight/
eight2.12 Between-rater reliability on the plantar shape de-
erminationwas determinedwithCohen’s kappa coeffıcient.
two-way mixed model, repeated-measures ANOVA was
sed to compare the groups on physical characteristics and
ıtnessmeasures before and after BMT (groups� test period
NOVA, repeated measures on the test period). Compari-

ons between the groups on the questionnaire and demo- t

anuary 2010
raphic variables were performed using the chi-square
tatistic.
For all fıve injury indices, person-time injury incidence

ates (injured subjects/1000 person-days) were calculated
s:

(Subjects with � 1 injury)
� (total subject time in BMT � 1000).

The total time in BMT was 43 days for subjects who
ompleted BMT and fewer for those who left before the
ompletion of training. Comparisons between the groups
ere made using a chi-square for person-time.13

Cox regression was used to examine the associations
etween potential risk factors (including group) and time
o fırst injury in the Comprehensive Injury Index. For
ach analysis, once a subject had an injury his or her
ontribution to time in BMT was terminated. Those who
ttrited from trainingwere censored (i.e., end of time at risk)
t the day they left the unit. All potential risk factors were
ntered into the regression model as categorical variables.
ome interval and ordinal variables were combined to in-
rease statistical power. Continuous variables (except age)
ere converted to four equal-sized groups based on the
istribution of the scores. Age was partitioned into three
roups (17–19, 20–24, �25 years). For all Cox regressions,
imple contrasts were used, comparing the hazard at a base-
ine level of a variable (defıned with a hazard ratio (HR) of
.00) to other levels of the same categorical variable. Univar-
ate Cox regressions established the association between
ime to fırst injury and levels of each potential risk factor in
solation.Multivariate Cox regressions established the effect
f multiple risk factors (including group) on injury risk and
dentifıed the independent risk factors. Potential risk factors
ere included in the multivariate model if they achieved
�0.10 in the univariate analyses.14

esults
ubjects and Attrition

tudy volunteers included 2167 men and 854 women. Of
his group, 113 (60 men and 53 women) did not enter
MT for medical or administrative reasons and were not
onsidered in further analyses. There were 206 subjects
128men, 78women)whodid not complete trainingwith
he unit to which they were originally assigned (recycles).
he recycle database did not have the day the subject was
eassigned, so the time at risk could not be determined;
hese subjects were not considered in subsequent analy-
es. Thus, the fınal cohort considered for analysis con-
isted of 1979 men and 723 women. Among the men,
.9% in the experimental group and 8.2% in the control
roup attrited from training (p�0.58). Among the
omen, 16.0% of the experimental group and 11.3% of

he control group attrited from training (p�0.07). The

http://afhsc.army.mil/
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appa coeffıcients quantifying the degree of agreement
etween the two raters on the plantar surface determina-
ions were 0.98 for both the right and the left foot.
Not all subjects had complete measurements on all

ariables. This occurred primarily because the data were
ot available in the DMSS databases, subjects did not
rovide a response on the questionnaire, or the training
nit did not have the information. Personnel in the cloth-
ng issue section imposed time constraints so that some
ubjects could not complete the entire initial testing bat-
ery. Therefore, the tables indicate the sample size for
ach variable.

hanges in Physical Characteristics and
itness During BMT

able 1 compares group differences and changes in phys-
cal characteristics and fıtness scores from the start to the
nd of training. Only subjects with complete data at the

able 1. Group comparisons on initial and final physical

Experimental C

n Mean �SD n

Men

Initial weight 787 168�22 697

Final weight (lb) 161�18

Initial BMI 787 24.4�2.7 697

Final BMI (kg/m2) 23.4�2.0

Initial push-up 814 37�13 717

Final push-ups (reps) 53�9

Initial crunches 814 37�11 717

Final crunches (reps) 56�7

Initial 1.5-mile run 789 12.7�1.7 696

Final 1.5-mile run (min) 11.5�1.3

Women

Initial weight 295 138�17 290

Final weight (lb) 134�15

Initial BMI 295 23.3�2.6 290

Final BMI (kg/m2) 22.7�1.9

Initial push-up 291 16�9 283

Final push-ups (reps) 33�7

Initial crunches 291 26�10 284

Final crunches (reps) 52�6

Initial 1.5-mile run 295 16.3�2.3 288

Final 1.5-mile run (min) 14.1�1.7
Two-way repeated measures analysis of variance
tart (pre) and end (post) of BMT could be considered in
he analysis as both values were required for repeated-
easures ANOVA. There was nomain effect of group or
roup � test period interaction on any of the measures.
owever, pre- to post-BMT changes did show signifıcant
ain effects: there were signifıcant losses in body weight
nd BMI and signifıcant performance increases in all the
ıtness measures. The average height (�standard devia-
ion) of the experimental- and control-group men was
0�3 inches and 70�3 inches (p�0.27); corresponding
alues for women were 65�3 inches and 65�3 inches
p�0.47).

omparison of Groups on Questionnaire and
emographic Variables

able 2 shows a comparison of the two groups on the
uestionnaire and demographic variables. The distri-
ution of scores on these variables differed little between

acteristics and fitness test scores

rol p-valuesa

an �SD Group Test period Group � test period

6�23 0.17 �0.01 0.65

0�18

2�2.7 0.12 �0.01 0.69

2�2.0

7�13 0.60 �0.01 0.35

4�9

7�10 0.44 �0.01 0.14

6�7

7�1.8 0.47 �0.01 0.78

5�1.9

8�20 0.68 �0.01 0.45

5�17

3�2.6 0.51 �0.01 0.35

7�1.9

6�11 0.68 �0.01 0.68

3�9

6�11 0.74 �0.01 0.36

1�9

4�2.5 0.86 �0.01 0.90

1�1.9
char

ont

Me

16

16

24.

23.

3

5

3

5

12.

11.

13

13

23.

22.

1

3

2

5

16.

14.
www.ajpm-online.net



T

a

B

Knapik et al / Am J Prev Med 2010;38(1S):S197–S211 S201

J

able 2. Comparison of groups on questionnaire variables and demographics

Variable Level of variable

Men Women

E (%) C (%) p-valuea E (%) C (%) p-valuea

Smoked cigarettes in last 30 days No 72.4 74.6 0.34 78.6 76.8 0.63

Yes 27.6 25.4 21.4 23.2

Cigarettes per day in last 30 days None 71.8 74.7 0.12 78.9 78.0 0.44

1–9 18.4 14.5 10.9 14.0

�10 9.7 10.8 10.2 8.0

Self-rating of physical activity Much less active 4.9 5.0 0.26 7.5 8.5 0.44

Less active 16.9 18.3 27.5 24.0

About the same 36.4 32.2 34.7 35.4

More active 29.4 33.8 22.6 25.6

Much more active 12.4 10.8 7.5 6.5

Frequency of exercise or sports �1 time/week 15.9 15.6 0.15 20.8 22.1 0.67

2–4 times/week 59.2 54.9 60.4 56.6

�5 times/week 25.0 29.5 18.9 21.3

Frequency run/jog before BMT �1 time/week 39.7 37.2 0.32 42.6 40.2 0.34

2–4 times/week 50.1 50.3 45.3 50.8

�5 times/week 10.2 12.5 12.1 8.9

Length of time run/jog before BMT �1 month 39.7 37.2 0.32 42.6 40.2 0.34

2–6 months 50.1 50.3 45.3 50.8

�7 months 10.2 12.5 12.1 8.9

Prior lower limb injury No 79.9 79.8 0.97 79.2 78.4 0.83

Yes 20.1 20.2 20.8 21.6

Component Active Air Force 80.8 82.0 0.63 76.3 77.3 0.70

National Guard 14.8 13.3 14.0 14.8

Air Force Reserve 4.4 4.7 9.6 7.9

Educational level �High school graduate 0.7 0.7 0.32 0.9 1.2 0.93

High school graduate 91.6 93.8 90.9 91.5

Some college/graduate 5.0 3.7 6.7 5.7

Unknown 2.7 1.8 1.5 1.5

Race White 76.4 79.8 0.02 69.9 70.4 0.99

Black 16.8 11.8 19.6 19.6

Asian 4.2 5.2 5.8 5.7

Other 2.4 3.1 4.7 4.2

Unknown 0.3 0.1 0.0 0.0

Marital status Single, never married 87.2 89.1 0.34 80.7 83.4 0.32

Married 12.6 10.6 17.5 16.0

Other 0.2 0.3 1.8 0.6

Menstrual periods in last year 0 6.4 2.4 0.15

1–9 11.3 11.2

10–12 78.5 81.2

�13 3.8 5.2
Chi-square statistic
MT, Air Force Basic Military Training; C, control; E, experimental; HS, high school

anuary 2010
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he two groups. For the variable race, the experimental-
roupmen hadmore black recruits than the control-group
en. The abdominal circumference (mean�SD) of the
ontrol-group men was 32.8�3.1 inches, and that of
he experimental-group men 32.8�3.0 inches (p�
.96). The abdominal circumference (mean�SD) of
he control-group women was 30.7�3.4 inches, and
hat of the experimental-group women 30.9�3.2 (p�
.59) inches. The height (mean�SD) of the control-
roup men was 69.6�2.7 inches, while that of the
xperimental-group men 69.6�2.7 inches (p�0.94).
he height (mean�SD) of the control-group women
as 64.8�2.7 inches, and that of the experimental-
roup women 69.5�2.7 inches (p�0.20).

rimary Analyses of Injury Outcomes

able 3 shows the person-time injury incidence rates for
he various injury indices and compares the rates in the
roups. For both men and women, injury rates are
lightly higher in experimental group.
Table 4 shows the univariateCox regression examining

he association between time to fırst injury and the injury
isk factors, including group. Among themen, injury risk
as about the same for the groups. Higher injury risk
mong the men was associated with low performance on
ush-ups, crunches, or the 1.5-mile run; cigarette smok-
ng; active duty status; black race; and “other” marital
tatus (primarily divorced or separated).Men in themid-
le quartile of BMI or abdominal circumference tended
o have lower risk than men with lower BMI or abdomi-
al circumference. Among the women, the experimental
roup tended to have higher injury risk than the control
roup. Higher injury risk was also associated with higher
MI, greater abdominal circumference, slower run time,
igarette smoking, less frequent running or jogging be-
ore BMT, fewer months of running or jogging before
MT, lower educational level, white race (compared with
sian descent), “other” race (comparedwith whites), and
eing married.
Table 5 shows the results of the backward-stepping
ultivariate Cox regression with group membership

orced into the model. Subjects with complete data on all
he variables included 1268 men (65% of the male sam-
le) and 454 women (53% of the female sample). Among
he men, injury risk was similar in the experimental and
ontrol groups. Injury risk was independently associated
ith slower run times and smoking cigarettes in the 30
ays before BMT. Among the women, injury risk was
bout the same for the experimental and control groups.
njury risk was independently associated with slower run
imes, smoking cigarettes in the 30 days before BMT, less

ime running or jogging prior to BMT, and marriage.
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able 4. Injury hazard ratios for various potential injury risk factors (univariate Cox regression)

Variable

Men Women

Level of variable n
Hazard ratio
(95% CI) p-value Level of variable n

Hazard ratio
(95% CI) p-value

Shoe prescription group Experimental 1042 1.09 (0.92, 1.29) 0.31 Experimental 373 1.23 (1.00, 1.53) 0.06

Control 913 1.00 — Control 345 1.00 —

Age (years) 18–19 446 1.00 — 18–19 154 1.00 —

20–24 1271 1.11 (0.90, 1.38) 0.32 20–24 442 1.12 (0.85, 1.47) 0.42

�25 160 1.29 (0.94, 1.81) 0.12 �25 80 1.09 (0.73, 1.62) 0.67

Height (inches) 60.0–67.0 376 0.87 (0.66, 1.16) 0.34 57.0–62.5 160 1.04 (0.76, 1.44) 0.80

67.5–69.5 477 0.99 (0.77, 1.28) 0.94 63.0–64.5 165 1.04 (0.75, 1.43) 0.82

70.0–71.5 486 1.04 (0.80, 1.34) 0.78 65.0–66.5 195 1.25 (0.93, 1.69) 0.14

72.0–81.0 396 1.00 — 67.0–73.0 167 1.00 —

Weight (pounds) 96–151 448 1.00 — 90–124 174 1.00 —

152–168 440 0.94 (0.73, 1.21) 0.61 125–137 177 1.01 (0.74, 1.37) 0.96

169–183 432 0.83 (0.64, 1.08) 0.17 138–152 167 1.00 (0.73, 1.36) 0.99

184–254 418 1.02 (0.79, 1.31) 0.89 153–202 167 1.21 (0.89, 1.65) 0.22

Body mass index (kg/m2) 14.72–22.28 432 1.49 (1.09, 2.04) 0.01 16.47–21.29 172 1.04 (0.76, 1.43) 0.79

22.29–24.63 432 1.00 — 21.30–23.24 170 1.00 —

25.64–26.39 432 0.97 (0.69, 1.37) 0.88 23.25–25.67 172 1.01 (0.73, 1.38) 0.97

26.40–35.44 430 1.19 (0.86, 1.66) 0.30 25.68–30.24 172 1.35 (1.00, 1.83) 0.05

Abdominal circumference (inches) 22.0–30.5 433 1.00 — 23.0–28.2 168 1.00 —

30.6–32.9 452 1.02 (0.79, 1.30) 0.90 28.3–30.6 175 1.03 (0.75, 1.42) 0.86

33.0–35.1 431 0.77 (0.59, 1.01) 0.06 30.7–32.9 163 1.17 (0.85, 1.60) 0.34

35.2–41.5 416 1.01 (0.78, 1.30) 0.95 33.0–45.2 168 1.30 (0.95, 1.77) 0.10

Push-ups (repetitions) 0–28 455 1.49 (1.14, 1.93) �0.01 0–7 175 1.26 (0.92, 1.71) 0.15

29–36 449 1.05 (0.80, 1.39) 0.72 8–14 175 0.92 (0.67, 1.26) 0.60

37–45 440 1.04 (0.78, 1.37) 0.81 15–21 183 0.88 (0.64, 1.21) 0.45

46–94 385 1.00 — 22–101 151 1.00 —

Crunches (repetitions) 0–30 459 1.52 (1.18, 1.97) �0.01 0–19 180 1.14 (0.84, 1.54) 0.41

31–36 417 1.17 (0.89, 1.55) 0.25 20–26 172 0.88 (0.64, 1.21) 0.43

37–44 432 1.13 (0.86, 1.48) 0.40 27–32 165 1.05 (0.77, 1.43) 0.77

45–75 421 1.00 — 33–62 167 1.00 —

1.5-mile run (minutes) 8.33–11.53 432 1.00 — 9.67–14.92 173 1.00 —

11.54–12.63 432 0.95 (0.72, 1.26) 0.73 14.93–16.50 174 0.98 (0.70, 1.35) 0.88

12.64–13.97 422 1.34 (1.03, 1.74) 0.03 16.51–18.23 164 1.28 (0.93, 1.75) 0.13

13.98–20.53 427 1.47 (1.13, 1.90) �0.01 18.24–31.40 minutes 169 1.62 (1.19, 2.21) �0.01

Smoked cigarettes in last 30 days No 1064 1.00 — No 400 1.00 —

Yes 386 1.41 (1.14, 1.74) �0.01 Yes 114 1.30 (0.97, 1.74) 0.08

Cigarettes per day in last 30 days None 1060 1.00 — None 404 1.00 —

1–9 241 1.29 (1.00, 1.67) 0.05 1–9 64 1.50 (1.05, 2.15) 0.03

�10 149 1.47 (1.09, 1.99) �0.01 �10 46 1.49 (0.98, 2.27) 0.09

Self-rating physical activity Much less active 70 1.11 (0.67, 1.85) 0.69 Much less active 40 1.20 (0.63, 2.30) 0.57

Somewhat less active 251 0.93 (0.64, 1.35) 0.70 Somewhat less active 131 1.09 (0.64, 1.84) 0.76

About the same 491 1.04 (0.75, 1.44) 0.81 About the same 178 1.22 (0.74, 2.03) 0.44

Somewhat more active 453 0.80 (0.57, 1.13) 0.21 Somewhat more active 123 0.90 (0.53, 1.55) 0.71

Much more active 167 1.00 — Much more active 37 1.00 —
(continued on next page)
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Because of the large number of subjects excluded from
he multivariate analyses, analyses were conducted to
ompare those included with those excluded. As shown
n Table 6, differences between these two groups were
ery small for the variables retained in the backward-
tepping multivariate Cox regression.

econdary Analyses of Injury Outcomes

able 7 shows a univariate Cox regression examining
njury risk for the three plantar foot shapes for the groups

able 4. Injury hazard ratios for various potential injury ri

Variable

Men

Level of variable n
Hazard ra
(95% CI)

Frequency exercise or sports
before BMT (per week)

�1 223 0.85 (0.6

2–4 818 1.01 (0.8

�5 391 1.00

Frequency running/jogging before
BMT (per week)

�1 431 1.01 (0.7

2–4 806 1.14 (0.8

�5 196 1.00

Length of time running/jogging
before BMT (months)

�1 547 1.19 (0.8

2–6 719 1.14 (0.8

�7 164 1.00

Prior lower limb injury No 1142 1.00

Yes 287 1.01 (0.8

Menstrual periods in last year

Component Active Air Force 1526 1.00

National Guard 84 0.79 (0.5

Air Force Reserve 262 0.77 (0.5

Educational level �High school graduate 13 0.25 (0.0

High school graduate 1735 1.00

Some college/graduate 82 0.89 (0.5

Unknown 42 0.77 (0.4

Race White 1457 1.00

Black 272 1.24 (0.9

Asian 88 0.75 (0.4

Other 51 0.76 (0.4

Unknown 4 1.00 (0.1

Marital status Single, never married 1649 1.00

Married 218 1.07 (0.8

Other 5 3.04 (0.9

MT, Air Force Basic Military Training
ndependently. Among the control-group men (stability i
hoe), there was little difference in injury risk by plantar
hape. Among the experimental-group men, there was
igher injury risk among individuals with plantar shapes
ndicative of a low arch who wore the motion-control
hoe compared with individuals with plantar shapes in-
icative of a normal arch who wore the stability shoe.
en and women with plantar shapes indicative of a high
rch had injury risk similar to that of their counterparts
ith normal plantar shapes.
Table 8 shows univariate Cox regressions comparing

ctors (univariate Cox regression) (continued)

Women

p-value Level of variable n
Hazard ratio
(95% CI) p-value

) 0.33 �1 109 1.24 (0.83, 1.86) 0.30

) 0.93 2–4 297 1.24 (0.88, 1.75) 0.22

— �5 101 1.00 —

) 0.96 �1 168 1.71 (1.03, 2.84) 0.04

) 0.40 2–4 291 1.43 (0.87, 2.33) 0.16

— �5 50 1.00 —

) 0.34 �1 210 1.57 (0.96, 2.56) 0.07

) 0.47 2–6 244 1.64 (1.01, 2.65) 0.05

— �7 55 1.00 —

— No 403 1.00 —

) 0.89 Yes 109 0.99 (0.72, 1.35) 0.93

0 23 1.32 (0.74, 2.36) 0.36

1–9 58 1.07 (0.72, 1.58) 0.74

10–12 409 1.00 —

�13 23 0.85 (0.44, 1.66) 0.64

— Active Air Force 518 1.00 —

) 0.30 National Guard 59 1.11 (0.76, 1.62) 0.59

) 0.06 Air Force Reserve 97 1.18 (0.87, 1.60) 0.29

) 0.16 �High school graduate 7 2.10 (0.94, 4.72) 0.07

— High school graduate 614 1.00 —

) 0.61 Some college/graduate 43 0.93 (0.60, 1.48) 0.79

) 0.43 Unknown 10 0.83 (0.60, 1.48) 0.70

— White 472 1.00 —

) 0.07 Black 133 1.20 (0.92, 1.58) 0.18

) 0.23 Asian 39 0.60 (0.33, 1.06) 0.08

) 0.38 Other 30 1.67 (1.07, 2.67) 0.03

) 0.99 Unknown 0 — —

— Single, never married 553 1.00 —

) 0.64 Married 113 1.31 (1.00, 1.73) 0.05

) 0.06 Other 8 1.50 (0.62, 3.63) 0.37
sk fa

tio

1, 1.18

0, 1.27

2, 1.41

4, 1.55

4, 1.68

1, 1.60

0, 1.30

0, 1.24

9, 1.01

4, 1.77

7, 1.39

0, 1.49

8, 1.56

7, 1.20

2, 1.39

4, 7.14

2, 1.39

8, 9.46
njury risk between groups with high and low plantar
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hapes who wore different shoe types. Among the men
ith low plantar shapes, injury risk was somewhat ele-
ated among the experimental-groupmen who wore the
otion-control shoe compared with the control-group
en who wore the stability shoe, but the women with

ow plantar shape had similar injury risk regardless of
hoe type. Among the men with high plantar shape,
njury risk was similar regardless of the shoe type, but
mong the women with high plantar shape, injury risk
as somewhat elevated among the experimental-group
omen who wore the cushioned shoe compared with the
ontrol-group women who wore the stability shoe.

iscussion
he present study demonstrated that assigning running

able 5. Injury hazard ratios for study variables (multivari

Variable

Men

Shoe prescription group

1.5-mile run (minutes)

Smoked cigarettes in past 30 days

Women

Shoe prescription group

1.5-mile run (minutes)

Smoked cigarettes in past 30 days

Length of time running/jogging before BMT (months)

Marital statusa

None of the “other” marital status women were included in this analy
variables.
MT, Air Force Basic Military Training
hoes based on the shape of plantar surface did not reduce g

anuary 2010
njury risk in Air Force BMT. In fact, men and women
ho wore shoes presumably designed for their foot type
ended to have a slightly higher injury incidence rate and
higher injury risk in the univariate Cox regression.

njury risk in the assigned shoe group remained slightly
igher in themultivariate model that controlled for other
ignifıcant injury risk factors.
The results of the current study can be compared with

he results of a similar army investigation9 because the
wo studies were designed to be complementary; how-
ver, there were some important differences. Similarities
n the two studies included (1) tracking of subjects in the
ame medical surveillance system, (2) calculation of in-
ury indices in an identical manner, and (3) the same
andomized design with a control group receiving a sin-

Cox regression)

l of variable n Hazard ratio
(95% CI)

p-value

imental 658 1.11 (0.89, 1.38) 0.35

ol 610 1.00 —

3–11.53 330 1.00 —

4–12.63 305 0.92 (0.66, 1.29) 0.64

4–13.97 310 1.33 (0.97, 1.80) 0.07

8–20.53 323 1.42 (1.05, 1.93) 0.02

929 1.00 —

339 1.28 (1.01, 1.61) 0.04

imental 234 1.20 (0.90, 1.60) 0.14

ol 220 1.00 —

7–14.92 126 1.00 —

3–16.50 119 1.09 (0.74, 1.62) 0.66

1–18.23 99 1.09 (0.72, 1.66) 0.67

4–31.40 110 1.81 (1.22, 2.67) �0.01

359 1.00 —

95 1.33 (0.96, 1.79) 0.10

180 1.25 (0.72, 2.17) 0.58

225 1.55 (0.92, 2.61) 0.10

49 1.00 —

e 378 1.00 —

ed 76 1.44 (1.03, 2.02) 0.03

ecause only two subjects in this category had complete data on other
ate

Leve

Exper

Contr

8.3

11.5

12.6

13.9

No

Yes

Exper

Contr

9.6

14.9

16.5

18.2

No

Yes

�1

2–6

�7

Singl

Marri

sis b
le stability shoe and an experimental group receiving a
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hoe based on plantar shape. Differences between the
tudies had to do with (1) the brands and models of the
hoes and (2) the nature of the training environment.
ontrol group subjects in the current air force study
eceived aNewBalance 498, while control-group subjects
n the army study received a New Balance 767ST. Exper-
mental group subjects in the current air force study
eceived only one of only three shoes, one for each foot
ype. Experimental-group subjects in the army study
ould select from 19 different shoes, as long as the shoe

able 7. Injury hazard ratios by group and plantar foot sh

Subjects Shoe type Plantar
foot shape n

Control subjects only Stability Low 7

Stability Normal 71

Stability High 11

Experimental subjects only Motion control Low 13

Stability Normal 72

able 6. Comparison of subjects included and not includ

Variable In
m

Men

1.5-mile run n

Smoked cigarettes in past 30 days n

Women

1.5-mile run n

Smoked cigarettes in past 30 days n

Marital status n

Single

Married

Length of time running/jogging before BMT (months) n

�1

2–6

�7

Chi-square statistics for proportions, t-test for continuous variable
MT, Air Force Basic Military Training
Cushioned High 181 1
hey selected had been designated as appropriate for their
lantar shape. There were also differences in the army and
ir force basic training instructional programs and length of
raining (6 versus 9 weeks). Despite these differences, the
esults generally concur. Injury risk was slightly elevated in
he group that received a shoe based on plantar shape (ex-
erimental group) when compared with the group that re-
eived a stability shoe regardless of plantar shape (control
roup). Multivariate injury hazard ratios (experimental/
ontrol) were very similar in the two studies.

(univariate Cox regression)

Men Women

azard ratio
5% CI)

p-value n Hazard ratio
(95% CI)

p-value

.09 (0.70, 1.70) 0.69 23 1.50 (0.83, 2.72) 0.18

.00 — 280 1.00 —

.11 (0.77, 1.59) 0.59 41 0.84 (0.50, 1.40) 0.50

.39 (1.02, 1.43) 0.04 37 1.16 (0.74, 1.84) 0.52

.00 — 272 1.00 —

the multivariate Cox regression

ed in
ariate analyses

Not included in
multivariate analyses

p-valuea

8 Mean�SD n�444 Mean�SD 0.48

12.9�1.8 min 12.9�1.8 min

8 Proportion n�386 Proportion 0.80

28% 26%

Mean�SD n�226 Mean�SD 0.10

16.6�2.7 min 16.9�2.6 min

Proportion n�60 Proportion 0.47

21% 25%

Proportion n�55 Proportion 0.82

83% 83%

17% 18%

Proportion n�212 Proportion 0.94

40% 42%

50% 47%

11% 11%
ape

H
(9

9 1

4 1

9 1

4 1

6 1
ed in

clud
ultiv

�126

�126

�454

�454

�454

�454
.06 (0.76, 1.43) 0.73 64 0.95 (0.64, 1.41) 0.79

www.ajpm-online.net
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Motion-control shoes are designed for low-arched in-
ividuals to presumably control for excessive pronation;
ushioned shoes are designed for high-arched individuals
o presumably provide cushioning to reduce ground im-
act forces and to allow for more foot pronation.15–18 If
njury risk could be reduced by assigning running shoes
ased on plantar shape, that reduced risk might be best
een by comparing subjects with the same plantar shapes
ho wore different shoe types. That is, comparing low
lantar–shaped subjects who wore motion-control shoes
ith those who wore stability shoes, and comparing high
lantar–shape subjects who wore cushioned shoes with
hose who wore stability shoes. Contrary to expectation,
omparing subjects in thismanner indicated that injury risk
as similaror slightly elevated in thegroupwearing the shoe
resumably designed for their plantar shape (Table 8). This
ndicated that even with the extreme foot types, assigning
unning shoes based on plantar surface did not reduce in-
ury risk. Again, these results concur with the complemen-
ary army study9 testing the assignment effectiveness.
Despite the general concurrence between the army9 and

ir force investigations, these studies arenot in accordwith a
revious study19 that showed an installation-wide decrease
n serious injuries at Fort Drum, New York, after initiation
f a running shoe–prescription program. Thereweremeth-
dologic differences between the FortDrumproject and the
urrent air force study. The current study involved a pre-
cription based only on plantar shape; the Fort Drum study
nvolved a prescription based on an evaluation of foot arch
eight and foot flexibility. The current study involved a
opulation of recruits in a situation where there was assur-
nce that the correct shoe was obtained andworn. The Fort

able 8. Comparison of recruits with low and high planta

Plantar shape Shoe comparison

n Hazard
(95% C

Low Motion control/stability 213 1.33 (0

High Cushioned/stability 300 1.01 (0

able 9. Comparison of injury incidence and injury rate in

Study Year data
collected

Gender n

Snedecor et al.20 1994–1995 Men 8

Women 5

Currenta 2007 Men 1

Women
Injury index is the Comprehensive Injury Index.

anuary 2010
rum study involved soldiers whowere given the shoe pre-
cription, but there was little follow-up to determine
hether they had actually purchased and worn the recom-
ended shoe. In fact, a survey involving a convenience
ample of 122 Fort Drum soldiers (out of an average 9752
stimated to be on post) found that only 11% had followed
he shoe prescription advice.
The current study involved a prospective shoe prescrip-

ion involving twogroups trainingsidebyside inastandard-
zed 6-week program with follow-up for any injury occur-
ing during the period. The Fort Drum study involved a
etrospective examination of medical visits to a physical
herapy clinic before and after the shoe program was initi-
ted. A number of temporal factors were potential con-
ounders in the Fort Drum study, and these were discussed
t length in the report on that study.19 The major potential
onfounder was the change in the medical surveillance sys-
emused to track injuries, which occurred at the exact point
hen injuries began to decrease. Thus, the current study
nvolved manipulation of only one variable (running shoe
rescriptionbasedonplantar shape), providedconsiderably
etter knowledge about the shoes worn, and involved a
ore controlled training environment.

njury Rates in BMT

secondary purpose of this study was to examine injury
ates and injury risk factors in air force BMT. Table 9
ompares injury incidence and injury rates in the current
tudy with that of a previous air force study in which the
ata were collected about 13 years earlier.20 In the previ-
us study,20 injuries were obtained from the Sports Med-

pes wearing different shoe types

n Women

io–E/C p-value n Hazard ratio–E/C
(95% CI)

p-value

2.21) 0.27 60 0.95 (0.47, 1.93) 0.88

1.55) 0.97 105 1.41 (0.77, 2.58) 0.27

rent study and previous Air Force Basic Training study20

Injury incidence (%) Injury rate
(injured airmen/month)

16.8 11.2

37.8 25.2

27.6 18.4

46.9 31.3
r sha

Me

rat
I)

.80,
cur

660

250

979

723
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cine and Research Team (SMART) System, a surveil-
ance system that tracked outpatient encounters. Injuries
ere broadly defıned and includedmedical visits for both
veruse- and traumatic-type injuries. Examination of in-
uries included in the SMART system indicated that they
ere similar to those included in the Comprehensive
njury Index. Thus, the CII was the injury index chosen
or comparison with the earlier study. Table 9 shows that
he injury rate for men was 1.64 times higher and the
njury rate for women was 1.24 times higher in the cur-
ent study compared with the earlier study.
The higher injury rates in the current study could be at

east partially due to changes that have occurred in the
MT program of instruction since 1999 in response to
hanging world conditions. Since 1999 recruits have
pent more time training on fıeld security, developing
ıghting positions, checkpoint operations, road march-
ng, confıdence courses, M-16 rifle, and cover and con-
ealment. Recruits spend more time in the fıeld. A 2-day
erimeter defense exercise (“Scorpion’s Nest”) has re-
ently been developed and is designed to simulate defense
f a fıxed airfıeld in hostile territory. Activities during this
xercise include patrolling, defense against infıltration,
nd area operations under simulated attacks.21–24 Besides
hanges in the program of instruction, the air force also
eplaced the cycle ergometer test with the current 1.5-mile
unning test in 2004. It can be assumed that this has in-
reased the emphasis on running during BMT. Longer run-
ing distance has been shown to be associatedwith a higher
ncidence of injury in both military25,26 and civilian27–30

nvironments.

njury Risk Factors

he present study is the fırst to examine risk factors for
njuries in USAF BMT. A number of risk factors previ-
usly identifıed in army and marine basic training were
lso established here. Higher injury risk was associated
ith lower aerobic fıtness, as found in studies of army and
arine basic training,9,31–42 and cigarette smoking, as

ound in army studies.9,35,43–45 Lower levels of muscular
ndurance (push-ups and crunches) were also associated
ith injury among the men; muscular endurance trends
ere similar among women, although they did not reach
tatistical signifıcance. Previous army andmarine studies
ave also found lower muscular endurance to be associ-
ted with higher injury rates.9,35,43

In the current study, there tended to be a bimodal
elationship between BMI and injury risk among the
en: those having both high and low BMI were at in-
reased risk compared with themiddle BMI group. Some
rmy studies also report bimodal relationships among
ale recruits,9,32 but others have shown no relation-

hip35,43 or increased risk with higher BMI.46 In contrast w
ith themen, womenwith high BMIwere at elevated risk
ompared with those in the middle BMI group, but the
ow BMI group differed little from the middle BMI
roup. A similar trend was reported in one army re-
ruit study;35 in other female recruit studies, bimodal
elationships have been reported;31,32,47 and in another
tudy women in the lowest decile of BMI tended to be at
igher injury risk.9 BMI has been increasing in army
ecruits over the last 30 years,9,48 but the weight gain that
ccounts for most of the change in BMI (height has
hanged little) appears to be about evenly distributed
etween fat and fat-free mass.48,49 The relationship be-
ween BMI and injury in basic training is likely to be
omplex because individuals can have a high BMI either
ecause of higher body fat or because of higher fat-free
ass. If high BMI reflects a larger percentage of body fat
elative to height, injury risk might be elevated because
he additional fat burden would both (1) increase the
ntensity of physical activity50 leading to more rapid fa-
igue and (2) impose additional repetitive stress on the
usculoskeletal system. However, body fat has not
hown a consistent relationship with injuries in Army
asic Combat Training.31,32,35 In contrast to high BMI,
ow BMI may reflect a paucity of either fat, fat-free mass,
r both. Low BMImaymake recruits more susceptible to
njury if they lack the muscle mass or strength in the
upportive structures (ligaments, bones) required to per-
orm certain physical tasks and overexert or overuse the
vailable muscle mass or supportive structures. As vari-
us studies, including the current one, have demon-
trated that both high and low BMI were associated with
njury in basic training,9,31,32,46,47 a bimodal relationship
s most plausible and could probably be demonstrated
ith larger sample sizes.
Four items on the questionnaire asked about physical

ctivity prior to BMT. Among the men, none of the re-
ponses to these questions was associated with injury.
his differs sharply from other studies of army and ma-
ine recruits, all of which have shown that higher levels of
re-basic training physical activity reduced injury risk in
raining.9,32,35,38,40,42,43,51,52 BMT at the air force may be
ess intense than that of army and marine basic training,
nd prior physical training on the part of the menmay be
ess associated with injury for this reason. On the other
and, womenwho had performedmore running/jogging
r had been running/jogging for a long time before BMT
ended to be at lower injury risk. In BMT, subjects per-
orm weight-bearing physical activity primarily in the
orm of standing (in formation), marching, walking, and
unning. It seems reasonable that a higher frequency of
eight-bearing physical training prior to BMT would
esult in less susceptibility to injury, especially for

omen, who have lower fıtness levels than men, on aver-
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ge.49 Physical activity has several favorable influences on
he body. When of the proper intensity, frequency, and
uration, physical activity can increase aerobic fıtness,
uscle strength, connective tissue strength, and general
ealth, as well as reducing body fat.53–60 These and other
actors may contribute to reducing susceptibility to
njury.61

Men who were of “other” marital status (divorced,
idowed, or separated) tended to have a higher injury
ate than single men. Only fıve men were in the “other”
ategory, and normally this would advise caution in in-
erpreting this association. However, the complimentary
rmy running shoe study9 also found that men of “other”
arital status were at higher injury risk than those who
ere single and had never been married. Among the
omen, those who were married had higher injury risk
han single women, and marital status was an indepen-
ent risk factor for injury in the multivariate model.
arried female army recruits have been shown to have
igher injury risk in two previous basic training investi-
ations.9,34 In contrast with the fındings here, civilian
tudies have generally shown that married individuals
xperience a lower injury rate than unmarried individu-
ls, usually attributed to greater risk-taking behavior on
he part of the unmarried individuals.62–64 However, in
MT this is not likely to be the case: because all individ-
als perform the same activities, a single individual can
ake little additional risks. It may be thatmarried individ-
als who receive emotional and physical support from
heir partners lack this support in BMT, as contact with
pouses and children is extremely limited. It is also pos-
ible that married women may experience more stress in
MT due to family-care pressures, and this manifests
tself in a higher injury rate mediated by factors like
istraction, lack of attention, or other problems.

imitations

his study evaluated injuries as the outcome measure.
here other issues such as shoe comfort and shoe wear
hat were not evaluated and might be important consid-
rations. Also, only three shoes were evaluated in the
resent study, although the previously discussed army
tudy9 evaluated 19 different shoes using techniques sim-
lar to the present investigation.

onclusion
his prospective study demonstrated that assigning run-
ing shoes based on the static, weight-bearing, plantar
oot surface shape had little influence on injury risk in
MT, even after controlling for other injury risk factors.
here was little difference in injury rates among those

ho were assigned a different type of shoe (motion con-

anuary 2010
rol, stability, or cushioned) based on plantar foot shape
nd thosewho received a stability shoe regardless of plan-
ar foot shape. If the goal is injury prevention, it is not
ecessary to assign running shoes to BMT recruits based
n a visual inspection of the static, weight-bearing plantar
hape. This study underscores the importance of carefully
valuating injury prevention measures that are widely
ccepted but that have not been previously tested. It is still
ecommended that recruits receive a new shoe on entry to
MT, as older shoes have previously been shown to be
ssociated with increased injury risk.51
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