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Abstract

Purpose—To determine the association between injury history at enrollment and incident lower 

extremity (LE) injury during cadet basic training among first-year military cadets.

Methods—Medically treated LE injuries during cadet basic training documented in the Defense 

Medical Surveillance System (DMSS) were ascertained in a prospective cohort study of three 

large U.S. military academies from 2005–2008. Both acute injuries (ICD-9 codes in the 800–900s, 

including fracture, dislocations, sprains/strains) and injury-related musculoskeletal injuries (ICD-9 

codes in the 700s, including inflammation and pain, joint derangement, stress fracture, sprain/

strain/rupture, and dislocation) were included. Risk ratios (RR) and 95% confidence intervals (CI) 

were computed using multivariate log-binomial models stratified by gender.

Results—During basic training there were 1,438 medically treated acute and 1,719 

musculoskeletal-related LE injuries in the 9,811 cadets. The most frequent LE injuries were 

sprains/strains (73.6% of acute) and inflammation and pain (89.6% of musculoskeletal-related). 

The overall risk of incident LE injury was 23.2% [95%CI: 22.3%, 24.0%]. Cadets with a previous 

history of LE injury were at increased risk for incident LE injury. This association was identical in 

males (RR=1.74 [1.55, 1.94]) and females (RR=1.74 [1.52, 1.99]). In site-specific analyses, strong 

associations between injury history and incident injury were observed for hip, knee ligament, 

stress fracture, and ankle sprain. Injury risk was greater (p<0.01) for females (39.1%) compared to 
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males (18.0%). The elevated injury risk in females (RR=2.19 [2.04, 2.36]) was independent of 

injury history (adjusted RR=2.09 [1.95, 2.24]).

Conclusion—Injury history upon entry to the military is associated with incidence of LE injuries 

sustained during cadet basic training. Prevention programs targeted at modifiable factors in cadets 

with a prior history of LE injury should be considered.
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INTRODUCTION

Non-fatal injuries are the leading cause of medical encounters in the armed services and 

were responsible for 1.14 million outpatient visits in 2006 (13). All four major branches of 

the U.S. military (Army, Navy, Marine, and Air Force) have identified physical training as a 

major priority for prevention efforts (27). Given the nature of military, which involves 

substantial stress to the lower extremity during marching, running, and jumping, it is not 

surprising that lower extremity injuries continue to be the most common injuries in military 

training, specifically overuse and sprains and strains (9, 13). Public health approaches to 

injury prevention include determining the incidence of injuries, identifying modifiable and 

non-modifiable risk factors, developing and testing prevention strategies in ideal conditions, 

and determining real-world effectiveness of the prevention strategies (30). Targeted injury 

prevention efforts have shown potential to reduce the incidence of lower extremity injuries 

(6); however, lower extremity injuries remain a major concern.

Upon entry into the military, all personnel undergo a rigorous basic training program 

generally lasting 6–8 weeks. During this period activities are standardized and, for the most 

part, personnel perform similar activities regardless of age or gender. Previous studies of 

military service members have identified several risk factors associated with lower extremity 

injury during basic training including: baseline fitness levels (12, 16), higher body mass 

index (BMI), and shorter stature (12). Investigations focused on military cadets found 

similar differences in injury risk among males and females for baseline fitness levels and 

higher BMI (4, 5). Numerous studies have noted that females experience higher rates of 

injury than males during basic training (3–5, 12, 16, 28). However, this finding may reflect 

the gender differences of other risk factors, such as baseline physical fitness, BMI, and 

physical stature (3), possibly in combination with gender differences in health care seeking 

behavior (1, 10).

In military and athlete populations, injury history is a strong and consistent predictor of 

incident injury (7, 8, 15). The reasons for this association remain unclear, but it is likely due 

to multiple factors. These may include anatomic, structural, or genetic predisposition to 

injury; failure to rehabilitate prior injuries adequately; alterations in movement patterns; 

pressure to return to duty/competition; and psychometric factors such as risk-taking 

behavior, psychophysics of perceived pain, and care-seeking. Basic training in the military 

provides an ideal setting for examining the association between injury history and incident 

injury, since it involves large numbers of men and women from diverse backgrounds 
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performing demanding physical duties that are standardized and uniform. Gender 

differences have been documented in military training injury rates (11), however it remains 

unclear whether these differences simply reflect gender differences in factors such as 

physical condition or injury history (3). Additionally, characterizing the baseline injury 

profile for military cadets during the high-stress period of basic training has the potential to 

provide useful information for targeted prevention efforts and programs, such as exercise-

based movement training programs, particularly if modifiable risk factors can be identified 

(16) and targeted (24).

The purpose of this study was to describe the role of injury history as a baseline risk factor 

for incident lower extremity (LE) injury and musculoskeletal-related conditions during the 8 

week basic training period among first-year military cadets at three military service 

academies during 2005 to 2008. The population of interest for this analysis included first 

year cadets from the three largest military academies. A priori, it was hypothesized that: 1) 

females would be at higher risk, 2) those with a history of prior injury would be at higher 

risk, and 3) that some of the gender differences would be due to differences in injury history 

between males and females.

METHODS

Study Design and Population

Data for this secondary analysis come from the parent study, JUMP-ACL (Joint Undertaking 

to Monitor and Prevent ACL Injury). JUMP-ACL was a collaborative multi-site prospective 

cohort study of neuromuscular risk factors for anterior cruciate ligament (ACL) injury. The 

study was based in the 3 largest U.S. military academies: U.S. Military Academy (USMA) 

in West Point, NY; U.S. Naval Academy (USNA) in Annapolis, MD; and U.S. Air Force 

Academy (USAFA) in Colorado Springs, CO. The study was jointly coordinated by The 

University of North Carolina at Chapel Hill (UNC-CH) and The Uniformed Services 

University of the Health Sciences. All study procedures were approved by the UNC-CH 

Institutional Review Board and the Institutional Review Boards overseeing the three 

academies.

For each military academy, cadets or midshipmen arrive in July of each year to begin their 4-

year officer training. The JUMP-ACL study included a total of four classes for each of the 

three military academies over the 2005–2008 time period. A total of 9,811 cadets who 

volunteered, completed informed consent, and completed the baseline questionnaire were 

included in this study. On average over the 4 years, 87% of females (79% USAFA, 100% 

USMA, 83% USNA) and 58% of the males (51% USAFA, 87% USMA, 31% USNA) 

completed the baseline survey.

Baseline covariates

Cadets filled out a baseline questionnaire that included information about personal 

characteristics such as their age; whether they attended the preparatory academy; 

participation in plyometric or ACL injury prevention programs; participation in high school 

sports; distance running index; and LE injury history. Self-reported prior injuries to the 
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lower extremity in the past 6 months included: ankle sprains, shin splints (medial tibial 

stress syndrome), lower leg stress fracture, lower leg bone fracture, knee ligament injury, 

patellofemoral pain, hip injury, and other lower extremity injury. Positive history of any of 

these injuries were categorized as “any lower extremity injury”. Positive history of an ankle 

sprain, shin splints, lower leg fracture or stress fracture were categorized as “any lower leg 

injury”. The combined effects of multiple prior LE injuries were examined for the knee and 

ankle. Combinations of prior LE injuries at baseline were categorized into four levels as 

follows: no injury history at any LE site (referent category); no injury history at same site 

but prior injury at other LE body site; prior injury only at same site; and prior injury at same 

site and other LE body site. The above prior injuries limited to those injuries that currently 

interfered with physical activity were also examined.

Injury events during cadet basic training

Incident lower extremity injuries were ascertained via the Defense Medical Surveillance 

System (DMSS) (26). The DMSS records all clinic visits of a medical nature. All injuries 

reported to the DMSSS during the cadet basic training period (July 1- August 31) were 

included. Relevant injuries to study participants during their enrollment at the academy were 

identified by International Classification of Disease (ICD-9) diagnosis codes. Data were 

provided to researchers free of personal identifiers and assigned a unique identifier for 

linkage with JUMP-ACL study population. Injury type categories for the injuries of the 

lower extremity were determined by groupings of ICD-9 codes. Acute injuries (ICD-9 

diagnosis code in the 800–900s) were identified using the Barell injury diagnosis matrix (2). 

The Barell injury diagnosis matrix was developed by an international team of researchers as 

a way of summarizing medically-treated injuries in a standardized manner to enable 

comparisons across different populations and countries. This method was applied by 

researchers in surveillance of medically-treated injuries of military populations (13). 

Recognizing that acute injuries fail to represent comprehensively the injury experience for 

military personnel, injury-related musculoskeletal conditions (ICD-9 diagnosis code in the 

700s) were also identified by expanding the Barell injury diagnosis matrix methodology 

through a review of the sports medicine literature to determine common injury-related 

musculoskeletal conditions (9). All acute and musculoskeletal-condition injury diagnoses 

were grouped by body part: hip; upper leg and thigh; knee; lower leg and ankle; foot and 

toes; and other or unspecified lower extremity. Acute injury type categories for the current 

analysis included: fracture, dislocation, and sprain/strain. Injury-related musculoskeletal 

conditions included: inflammation and pain (overuse); joint derangement; stress fracture; 

sprain/strain/rupture; and dislocation (see Table, Supplemental Digital Content 1, for ICD-9 

codes by category).

Both primary and non-primary diagnosis codes were utilized. In order to minimize duplicate 

counting from multiple health care encounters per event, encounters for the same three-digit 

diagnosis code within 60 days of the first encounter were excluded. This method has been 

utilized in previous injury surveillance studies (9, 13). Note that using 3-digit diagnosis 

codes is unduly conservative as some diagnosis codes have 4th and 5th digits that identify 

different body part locations. For example ICD-9 diagnosis code 719 describes an overuse 

unspecified joint disorder, but the 4th digit determines the body part involved (i.e. ankle/foot, 
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knee, or hip). Using 3-digit codes, the first coded encounter would be taken and subsequent 

encounters for other body parts would be excluded.

Data analysis

Descriptive frequencies and univariate statistics were calculated overall and by gender for 

cadet demographics, baseline injury history, and characteristics of incident medically-treated 

injuries during cadet basic training (July 1 to August 31). Incident medically-treated acute 

and musculoskeletal-condition injuries were combined by body part and dichotomized for 

analyses (e.g., incident ankle injury during basic training versus none). Statistical differences 

in demographic, injury history, and incident injury between males and females were 

determined with chi-square tests and a priori p-value <0.05. Risk ratios (RR) and 95% 

confidence intervals (95% CI) were calculated with multivariate general log-binomial 

regression models stratified by gender to examine the association between previous LE 

injury history and incident LE injury adjusted for the following variables: age; academy; 

cohort year; prep academy attendance; participation in prior injury prevention programs; 

participation in high school sports; and distance running index. Separate models were 

created for injuries to the following grouped body areas: any lower extremity injury, hip, 

knee ligament, lower leg, lower extremity stress fracture, and ankle sprain.

Variables associated with injury identified in previous studies (3–5, 12, 16) were initially 

included in multivariate models as were predictors identified in univariate analyses with a 

risk ratio of either 1.20 or greater or 0.80 or less. Academy and cohort year were included as 

adjustment variables (RRs are not reported). There were missing values for: age (n=146); 

prep academy attendance (n=55); participation in injury prevention programs (n=69); and 

running index (n=10) and multivariate models included only cadets with non-missing values 

(n=9,552).

RESULTS

Study participants were predominantly male (75.3%) and less than 21 years of age (97%, 

mean 18.8, SD=0.97, range 16–23) (Table 1), which is reflective of the enrollment at the 

service academies. Most entering cadets did not attend the military prep academy (81.9%), 

did not participate in a prior plyometric or ACL injury prevention program (67.8%), and 

played three or more high school sports (66.9%). Female cadets were more likely to be 18 or 

younger compared to male cadets (56.2% versus 43.7%, X2=120.7622 p<0.0001). No other 

meaningful demographic differences were observed by gender.

Within the 6 months prior to academy entry, 63.4% of first year cadets reported a history of 

injury to the lower extremity and 44.1% to the lower leg (Table 1); 11.9% and 7.0% reported 

that the injury currently interfered with physical activity, respectively. Shin splints (33.4%), 

severe knee pain (33.6%), and ankle sprains (15.5%) were the most frequently reported 

specific prior injuries and conditions at baseline. Females were more likely than males to 

have a positive history for many types of LE injury, including severe knee pain (39.5% vs. 

31.7%) and shin splints (40.1% vs. 31.2%).
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During cadet basic training (July and August) there were a total of 3,157 medically treated 

LE injuries (Table 2): 45.5% were acute and 54.5% musculoskeletal-related conditions. The 

most frequent types of acute LE injuries were ankle and lower leg sprains/strains (38.7%) 

and unspecified LE sprains/strains (34.9%). Inflammation and pain was the most frequent 

type of LE musculoskeletal condition (89.6%).

Injury history as a risk factor

Cadets with a previous history of LE injury were at increased risk for a medically treated LE 

injury during cadet basic training (adjusted overall RR=1.72, 95% CI: 1.58, 1.88). This 

effect was very similar in males and females (RR of 1.74 for both), and persisted after 

adjusting for age, preparatory academy attendance, high school sport participation, distance 

running index, injury prevention program participation, academy, and cohort year (Table 3). 

Male cadets over 19 years of age and female cadets who attended prep academy were at 

increased risk of LE injury (Table 3). For both genders, playing three or more high school 

sports and higher distance running index were associated with lower risk of LE injury (RRs 

of 0.89 and 0.97 for males and females, respectively). Prior participation in injury prevention 

programs was not associated with LE injury risk for either gender.

In site-specific analyses, strong associations (RRs above 3.0 for males and females) were 

observed between specific injury history and an incident injury of the same type, including 

hip injury, knee ligament injury, ankle sprain, and stress fractures (Table 4). When restricting 

the injury history to injuries that interrupted physical activity, the associations were at least 

maintained, and many became stronger. The combined effects of multiple prior LE injuries 

were examined for the knee and ankle, the two sites which had the greatest number of cases 

(Table 5). These analyses indicated that the association was specific to the body site (knee or 

ankle) examined, among females and males. For example, a history of knee and other LE 

injury was associated with incident knee injury, but a history of LE injury without knee 

injury was not associated with incident knee injury. The same effect was observed for ankle 

injury, among both males and females. Among females, history of ankle injury with or 

without LE injury history was associated with incident ankle injury.

Gender

Collectively for acute and musculoskeletal-related injuries, the overall risk of incident 

medically treated LE injury during the cadet basic training period (approximately 8 weeks) 

was 23.2% (95% CI: 22.3%, 24.0%) (Figure 1). Risk was greater for females (39.1%) 

compared to males (18.0%) for all LE injuries (RR=2.19 95% CI: [2.05, 2.36], 

X2=456.1577, p<0.0001) and specific LE injuries (Figure 1). Noting that a prior history of 

LE injury (Table 1) was more prevalent in females (70.9%) than males (61.0%), it was 

hypothesized that some of the gender effect was due to injury history. However, the elevated 

injury risk in females (RR=2.19 [2.04, 2.36]) persisted after controlling for injury history 

(adjusted RR=2.09 [1.95, 2.24]), and remained largely undiminished (adjusted RR=1.79 

[1.67, 1.92]), even after controlling for injury history, age, preparatory academy attendance, 

high school sport participation, distance running index, injury prevention program 

participation, academy, and cohort year.
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DISCUSSION

The purpose of this study was to determine the association between history of previous 

injury in relation to incident LE injury during cadet basic training. Previous history of prior 

LE injury was associated with incident lower extremity injury during cadet basic training. 

The association between injury history and incident LE injury was identical for males and 

females. The association between injury history and incident injury strengthened (RRs 

ranging from 3.0 to 11.0) in injury-specific analyses, in which injury history and incident 

injury were mutually limited to specific types of different LE injuries including hip injury, 

knee ligament injury, ankle sprain, and stress fractures. Previous studies in civilian athletic/

active populations have found similar associations between previous lower extremity injury 

and subsequent lower extremity (17, 18, 25, 31) and increased incidence of recurrent ankle 

and knee injuries (29).

Potential reasons for these observed associations include individual-level factors such as 

behavioral attributes (e.g., risk-taking, overtraining, health care-seeking) and injury-specific 

factors. Injury-specific factors include anatomical or structural aspects (of joint, muscle, 

ligament, tendon, or bone), inadequate rehabilitation of previous injuries, premature return 

to activity, or a combination of these causal pathways (20). A third, intermediate class of 

factors may be individual attributes that operate at the level of the joint, such as certain types 

of lower extremity movement biomechanics or muscle firing patterns that predispose 

individuals to lower extremity injury (21, 23). In the current study, analyses of knee and 

ankle injuries (Table 5) indicated that ankle or knee-specific injury history was a much 

stronger predictor than overall lower extremity injury. In both males and females, subjects 

with no history of knee/ankle injury and a positive history of other LE injury were at similar 

risk to those with no LE injury at all.

This suggests that factors specific to that anatomic site, such as predisposing or injury-

altered biomechanics (such as muscle firing patterns or inadequate proprioception), poor 

rehabilitation of one or more prior injuries at that anatomical site, or anatomic predisposition 

(such as knee ligament alignment within the joint) may be the key factors, rather than 

behavioral and psychological factors such as risk taking or care seeking. Behavioral and 

psychological factors operate at the level of the individual: if individual-level (rather than 

injury-specific or intermediate) factors were the main reason underlying the association 

between injury history and incident injury, then one would expect the RRs in Tables 4 and 5 

to be distributed about (i.e. both above and below) the overall association (RR=1.74). 

Instead, associations strengthened considerably (i.e. above only) in these injury-specific 

analyses. This was true for both males and females.

From an injury prevention standpoint, these findings stress the importance of injury history 

identification and appropriate measures to identify the presence of any deficits that may 

predispose the individual to subsequent injury. For example, if there are discernable LE 

movement differences between those with injury history and those without injury history, 

then these may represent human movement “deficits” that are modifiable through 

neuromuscular and proprioceptive training programs. Such programs have been shown to 
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decrease risk of new injuries (19, 22); however, the ability of these programs to reduce risk 

among individuals with a history of previous injuries is unknown.

Previous studies in military populations suggest that many factors may differentially affect 

men and women. These include current fitness levels (3, 4); previous physical activity 

participation (12, 16); and BMI and/or stature (12). Variation in the prevalence of these 

factors between men and women may account for why some specific injury types, such as 

stress fractures, are more frequent in females than males in military settings (4, 12). In the 

current study, the role of injury history was examined in considerable detail and with a large 

sample size. Females had a higher incidence of medically treated stress fractures and MTSS 

over the basic training period compared to males, consistent with the existing literature (14). 

Interestingly, the role of injury history was very similar for males and females. Thus, despite 

the higher prevalence injury history in females, injury history did not account for the 

observed gender differences in incident injury rates. In fact, the gender imbalance in injury 

incidence persisted even after adjustment for multiple factors. However, the dataset did not 

include markers of psychosocial factors such as propensity to seek health care for an injury. 

Previous studies in military populations suggest that, in general, females are more likely to 

report injuries and seek medical care compared to males (1, 5, 12). Both quantitative 

findings from surveys and qualitative studies of injured soldiers suggest that there are gender 

differences in health care seeking and reporting differences (10). A study of military 

academy cadets (5) supports the concept that reporting differences may explain the 

associations observed between women and men, but also indicated reporting may be 

strongly influenced by social context (such as the role of senior students). Such contextual 

effects are strongly apparent in cadet basic training, when the incoming class is being 

supervised by senior students being evaluated on their leadership potential and performance.

Limitations

This study was conducted with a physically active population of military academy cadets, 

but there is no guarantee that the findings are applicable to other physically active 

populations. This study utilized medical encounter data from the DMSS and individuals 

could be evaluated and treated on multiple days by multiple provider types, potentially 

leading to over-counting of injuries. To address this, the study employed a method developed 

by an international group and used previously in military populations (9, 13). Another 

limitation of this study is that severity measures, treatment details, type of provider seen, 

time lost from basic training, rehabilitation of prior injuries, and human movement 

biomechanics were not available. There is also potential for misclassification of incident 

injury outcomes in this study. An outcome due to a medical encounter (or care) for a 

lingering baseline injury event could be incorrectly classified as care for an incident event 

during basic training. Models were run excluding the cadets who had a baseline LE injury in 

the past 6 months that limited their physical activity. Adjusted estimates remained elevated. 

Similarly, for this study July 1st was chosen as the start date for the basic training period and 

Aug 31st was the end date. Using August 31st may overlap into fall sport seasons and an 

injury sustained during fall sport may be attributed to basic training, and thereby potentially 

inflating the injury rate for basic training. These analyses do not account for attrition of 

cadets during basic training period.

Kucera et al. Page 8

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Strengths

The study also has some strengths. These data for this study come from a prospective cohort 

of 9811 cadets representing all three academies over a four year period. All cadets were 

engaged in the same activities during this 2-month period and outside activities are unlikely 

to be responsible for the injury events. Medically treated injuries were ascertained using the 

DMSS which captures all medical encounters provided at the military academies during this 

two month period. In addition, injury events were identified utilizing methodology applied 

previously by researchers in surveillance of medically-treated injuries of military 

populations (9, 13). Information about cadets at baseline included injury history and 

multivariate analyses adjusted for potential confounders.

Conclusion

Injury history upon entry into the academy is strongly associated with medically-treated LE 

injuries during cadet basic training. These results support the need for future studies to 

examine whether there are differences in biomechanical factors, underlying predispositions, 

and inadequate rehabilitation of previous injuries among those with and without history of 

injury. Academy health care providers can use injury history information along with these 

other identified factors to target injury prevention efforts in incoming cadets.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Risk of Incident Medically Treated Lower Extremity Injuries during Cadet Basic 
Training (July 1 – August 31) among First-year Military Cadets, 2005–2008
*Statistically significant Chi-square p-value <0.05

Note: Error bars represent 95% confidence intervals surrounding the risk proportions; 

MTSS, Medial tibial stress syndrome.
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Table 3

Adjusted Risk Ratios of Incident Medically Treated Lower Extremity Injury among First-year Male (n=7187) 

and Female (n=2357) Military Cadets during Basic Training (July 1 – August 31), 2005–2008.

Males Females

RR
(95% CI)1

RR
(95% CI) 1

History of LE injury last 6 months

 No 1.00 (ref) 1.00 (ref)

 Yes 1.74 (1.55, 1.94) 1.74 (1.52, 1.99)

Age

 <=19 years 1.00 (ref) 1.00 (ref)

 >19 1.29 (1.13, 1.48) 0.89 (0.74, 1.05)

Attended preparatory academy

 No 1.00 (ref) 1.00 (ref)

 Yes 1.03 (0.90, 1.17) 1.25 (1.11, 1.41)

Number of high school sports

 Played 0 to 2 sports 1.00 (ref) 1.00 (ref)

 Played 3 or more sports 0.89 (0.81, 0.99) 0.87 (0.79, 0.96)

Distance Running Index

 0 to 50th percentile 1.00 (ref) 1.00 (ref)

 51 to 100th percentile 0.77 (0.69, 0.85) 0.88 (0.80, 0.97)

Prior injury prevention program participation

 No 1.00 (ref) 1.00 (ref)

 Yes 1.06 (0.96, 1.17) 0.93 (0.84, 1.03)

1
Models adjusted for all variables in the table and cohort year and military academy; models exclude 267 cadets with missing values for age, 

gender, high school sports, distance index, and preparatory academy attendance.

Med Sci Sports Exerc. Author manuscript; available in PMC 2017 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Kucera et al. Page 18

Table 4

Adjusted Risk Ratios (95% Confidence intervals) for Site-specific Associations between Injury History and 

Incident Medically Treated Lower Extremity Injury among First-year Male (n=7187) and Female (n=2357) 

Military Cadets during Basic Training (July 1 – August 31), 2005–2008.

Males Females

Any history of injury 
to that site

History of injury to 
that site with activity 

limitation
Any history of injury 

to that site

History of injury to 
that site with activity 

limitation

Lower extremity1

 No LE injury history 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

 Prior LE injury 1.74 (1.55, 1.94) 2.11 (1.89, 2.35) 1.74 (1.52, 1.99) 1.57 (1.44, 1.71)

Hip3

 No hip injury history 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

 Prior hip injury 4.92 (2.85, 8.50) 8.74 (4.16, 18.37) 7.26 (5.12, 10.30) 10.94 (7.54, 15.86)

Knee2

 No prior knee ligament injury – 1.00 (ref.) – 1.00 (ref.)

 Prior knee ligament injury 
previous 6 months – 4.59 (2.38, 8.83) – 5.91 (3.40, 10.28)

Lower leg1

 No lower leg injury 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

 Prior lower leg injury 1.68 (1.50, 1.88) 2.18 (1.87, 2.54) 1.54 (1.37, 1.74) 1.79 (1.57, 2.03)

Stress fracture to lower leg2

 No stress fracture history 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

 Prior stress fracture 3.58 (1.13, 11.34) 17.03 (4.73, 61.29) 6.06 (3.02, 12.14) 9.68 3.91 23.95)

Ankle sprain2

 No ankle sprain injury history 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)

 Prior ankle sprain injury 3.40 (2.72, 4.26) 4.78 (3.25, 7.02) 3.53 (2.79, 4.48) 5.39 (4.05, 7.17)

Note: Separate models created for each body area where no history of prior injury to that area (none) was the referent category; Excludes 267 
cadets with missing values for age, gender, preparatory academy attendance, and high school sports.

1
Adjusted for age, preparatory academy attendance, military academy, cohort year, injury prevention program participation, number of high school 

sports, and distance running index;

2
Adjusted for age, injury prevention program participation, number of high school sports, and distance running index;

3
Adjusted for injury prevention program participation and distance running index.
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Table 5

Adjusted Risk Ratios for Incident Medically Treated Knee or Ankle Injury Associated with Different 

Combinations of Prior Injury Sites among First-year Male (n= 7187) and Female (n=2357) Military Cadets 

during Basic Training (July 1 – August 31), 2005–2008.

Males Females

n (%) injured 
with positive 

history

Adjusted RR for 
incident injury to that 

body site (95% CI)

n (%) injured 
with positive 

history

Adjusted RR for 
incident injury to that 

body site (95% CI)

Knee

 No injury history at any LE body site 40 (18.3) 1.00 (ref.) 17 (12.3) 1.00 (ref.)

 No injury history at knee, prior injury at 
other LE injury

30 (13.7) 1.00 (0.63, 1.61) 19 (13.8) 0.96 (0.50, 1.83)

 Prior injury at knee only 69 (31.5) 3.58 (2.44, 5.25) 49 (35.5) 4.09 (2.39, 7.00)

 Prior injury at knee and other LE body 
site

80 (36.5) 3.75 (2.57, 5.47) 53 (38.4) 3.00 (1.75, 5.15)

 Total 219 (100) 138 (100)

Ankle

 No injury history at any LE body site 117 (26.4) 1.00 (ref.) 56 (16.2) 1.00 (ref.)

 No injury history at ankle, prior injury at 
other LE injury

176 (39.6) 1.20 (0.95, 1.51) 171 (49.6) 1.43 (1.07, 1.91)

 Prior injury only at ankle only 46 (10.4) 2.80 (2.02, 3.87) 29 (8.4) 2.83 (1.89, 4.23)

 Prior injury at ankle and other LE body 
site

105 (23.7) 3.33 (2.58, 4.29) 89 (25.8) 3.98 (2.94, 5.40)

 Total 444 (100) 345 (100)

Separate models for knee and ankle, both models adjusted for age, preparatory academy attendance, injury prevention program participation, 
number of high school sports, and distance running index.

LE=lower extremity
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