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The Eagle Tactical Athlete Program Reduces Musculoskeletal
Injuries in the 101st Airborne Division (Air Assault)
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ABSTRACT The Eagle Tactical Athlete Program (ETAP) was scientifically developed for the U.S. Army’s 101st Air-
borne Division (Air Assault) to counter unintentional musculoskeletal injuries (MSIs). Purpose: To determine if ETAP
would reduce unintentional MSIs in a group of 101st Airborne Division (Air Assault) Soldiers. Methods: ETAP-trained
noncommissioned led physical training. 1,720 Soldiers were enrolled (N = 1,136 experimental group [EXP], N = 584
control group [CON]) with injuries tracked before and after initiation of ETAP. The International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were analyzed and described the anatomic locations,
anatomic sub-locations, onset, and injury types. McNemar tests compared the proportions of injured subjects within
each group. Results: There was a significant reduction in the proportion of Soldiers with preventable MSIs in the EXP
(pre: 213/1,136 (18.8%), post: 180/1,136 (15.8%), p = 0.041) but not in the CON. In addition, there was a significant reduc-
tion in stress fractures in the EXP (pre: 14/1,136 (1.2%), post: 5/1,136 (0.4%), p = 0.022) but no significant differences in
the CON. Conclusion: The current analysis demonstrated that ETAP reduces preventable MSIs in garrison. The capability
of ETAP to reduce injuries confirms the vital role of a scientifically designed training program on force readiness and health.

INTRODUCTION
The health, well-being, and quality of life of U.S. military
personnel are core missions for multiple federal agencies
and throughout all branches of the military. Military personnel
face a broad spectrum of injury and medical risks because
of their service. Although unintentional musculoskeletal
injuries (MSIs) are only one of these risks, it is a significant,
persistent, and costly health concern. In 2000, the Armed
Forces Epidemiological Board implicated MSIs as having a
greater impact on health and readiness than general medi-
cal complaints during peacetime and combat.1 These inju-
ries remain a significant issue in the most recent conflicts2

and continue to account for a large number of disability
reviews,3,4 lost duty days,5,6 and disability.7 Financially, MSIs
place a significant burden on medical systems7 and cost
over a billion dollars yearly.1,3,8 Fortunately, many MSIs
are preventable with scientifically driven and population-
specific interventions.4,9–14

Over the course of 3 years the Eagle Tactical Athlete Pro-
gram (ETAP) was developed specifically for Soldiers of the
101st Airborne Division (Air Assault) based on examination
of injury epidemiology, task and demand analysis, and labo-
ratory testing of Soldiers.15 The ETAP was developed as a
cyclic program that incorporated tapered activity for recov-
ery to reduce the risk of overtraining.16 Each cycle of train-

ing built on the previous cycle with variations in intensity
and duration based on the phase of program. The four phases
included general adaptation and introduction to the exercises,
gradual increase in volume, gradual increase in intensity with
less volume, and a final phase that focused on taper prior
deployment or cycle reset. Each day of the training week
corresponded to different objectives such as speed, agility,
balance, strengthening, interval training, power develop-
ment, and endurance training.16 In an 8-week clinical trial,
the ETAP demonstrated significant improvements across a
wide range of capabilities including flexibility, strength,
balance, anaerobic power, agility, and Army physical fit-
ness test (APFT) scores. The next evaluation step for ETAP
was an assessment of injury reduction as it was implemented
across the Division.

The effectiveness of physical training programs to reduce
MSIs has been studied in several military populations.17

Over the past decade, the U.S. Army Physical Fitness School
has developed a new physical training program, Army Physi-
cal Readiness Training (PRT),18 to replace the existing
training program (FM 21-20)19 designed to improve physi-
cal fitness, prevent injuries, progressively train soldiers,
and develop Soldiers’ self-confidence and discipline. This
training program has been studied across three different
environments: Basic Combat Training, Advanced Individual
Training, and in an infantry unit. In Basic Combat Training,
PRT was able to demonstrate a reduction in overuse injuries
but did not demonstrate a reduction in traumatic injuries.20

Data on specific joint injuries were not provided. The reduc-
tion in overuse injuries may have been due primarily to the
reduction in running mileage rather than specific training task
or exercises.20 An examination of PRT at Advanced Indi-
vidual Training demonstrated a reduction in overuse injuries
compared to a historical cohort, but only demonstrated a
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reduction in traumatic injuries in men.21 Finally, PRT was
examined in an infantry unit and was demonstrated to reduce
overuse injuries and overuse injuries of the lower extremity.17

No data was provided relative to specific joint injuries or if
PRT was effective in reducing traumatic injuries.17 Based on
these studies, it appears as though PRT has been effective in
some populations but may not be the ideal physical training
program for all groups.

Physical training of Soldiers should be specific to their
tactical requirements and the physiological, musculoskeletal,
and biomechanical demands they encounter during tactical
training and mission execution. The fundamental objectives
of any training program in the military should be to physi-
cally prepare Soldiers for tactical training and deployment
while reducing their risk of injury. The ETAP was scientifi-
cally and specifically designed for the Army’s 101st Airborne
Division (Air Assault)15 and was demonstrated to improve
Soldier’s strength, flexibility, balance, anaerobic power, agility,
and APFT scores.16 Before this study, the ETAP had not been
studied to determine its effectiveness in reducing MSIs. There-
fore, the purpose of this study was to examine the capability of
ETAP to reduce unintentional MSIs within a group of Soldiers
at the Army’s 101st Airborne Division (Air Assault). We
hypothesized that ETAP would significantly reduce lower
extremity injuries, upper extremity injuries, lumbar spine inju-
ries, and both acute and overuse injuries. If these hypotheses
were met, it would demonstrate the effectiveness of ETAP to
reduce injuries and demonstrate the effectiveness of matching
tactical demands to physical training needs/interventions.

METHODS

Subjects
The University of Pittsburgh and Eisenhower Army Medical
Center’s Institutional Review Boards approved the study.
All active duty Soldiers were initially briefed regarding all
aspects of the study before discussing voluntary consent.
Soldiers who agreed to participate filled out and signed the
consent forms as well as the forms for the Health Insurance
Portability and Accountability Act. Soldiers were excluded
from the study if they had any medical reason that prevented
them from participating in the physical training programs.
A total of 2,280 Soldiers consented to participate and were
block assigned to the experimental group (EXP) and the con-
trol group (CON). The EXP included 1,493 Soldiers and the
CON included 787 Soldiers.

Intervention
The intervention for the EXP group was the ETAP. The
ETAP was specifically designed for the Army’s 101st Air-
borne Division (Air Assault). It has been previously demon-
strated to improve Soldier’s strength, flexibility, balance,
anaerobic power, agility, and APFT scores.16 The ETAP was
designed to improve performance and reduce common MSIs

and incorporated four phases that included a general adap-
tation and introduction to the exercises, gradual increase
in volume, gradual increase in intensity with less volume,
and a final phase that focused on taper prior deployment
or cycle reset. Each day of the week corresponded to a dif-
ferent objectives such as speed, agility, balance, strengthen-
ing, interval training, power development, and endurance
training. The full details of the ETAP have been published
previously.16 The intervention for the EXP group lasted
5 months. A “train-the-trainer” model of instruction was devel-
oped and implemented to provide the appropriate training to
deliver the ETAP across the large number of Soldiers partici-
pating in the study. The train-the-trainer model has been used
previously in the military to transfer essential knowledge to
the unit level. The Division offered a 4-day school (ETAP
Instructor Certification School [ICS]) for noncommissioned
officers (NCOs) to become effective leaders for their morn-
ing physical training. At least two NCOs (junior and senior
ranked) from each platoon attended the ETAP ICS and
became certified, and those ICS certified instructors lead
ETAP daily according to the ETAP training guidelines. Sol-
diers from the CON group participated in the existing physi-
cal training program at the Army’s 101st Airborne Division
(Air Assault), which was based on FM 21-20.19 The CON
group’s physical training was led by each platoons’ NCOs
and lasted the same duration as ETAP. In brief, the CON
group’s daily physical training session began with a warm-up
incorporating a slow jog followed by stretching and calis-
thenics. Approximately 20 to 45 minutes of cardiorespiratory
or strength activities were conducted following the warm-up.
Cardiorespiratory activities included distance running, road
marching, interval running, and ability group running with
target heart rate reserve. Strength activities included mus-
cular endurance, sandbag circuit, and partner resistance exer-
cises. Each training session ended with cooldown activities
and stretching.

There are numerous differences between the ETAP and
FM 21-20. The ETAP consisted of five main workout ses-
sions with each workout focusing on different components
of physical fitness (Day 1: speed/agility/balance, Day 2:
muscular strength, Day 3: interval running, Day 4: power,
and Day 5: endurance training) whereas the FM 21-20 main
workout sessions consists of alternating cardiorespiratory
activities and muscular endurance/strength activities. The
ETAP progressed nonlinearly every 2 weeks (Phase I: less
volume more technique, Phase II: gradual increase in volume,
Phase III: gradual increase in intensity with less volume,
and Phase IV: tapering) while the FM 21-20 progressed lin-
early from the preparatory phase to build up the cardio-
respiratory and muscular systems with gradual progression
and proper technique for 2 weeks to the conditioning phase
with gradual progression to the maintenance phase. Through-
out each week, the ETAP included additional exercises/
stretching for specific joints and different conditions specifi-
cally designed for injury prevention.
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Injury Tracking
Injuries were tracked 5 months before and after the initia-
tion of the intervention for both the CON and EXP groups
(see Fig. 1). Both groups were in garrison throughout the
injury tracking periods and during the intervention. Injuries
were tracked utilizing ICD-9-CM coded medical encounter
data. Each encounter could have up to eight ICD-9-CM codes.
All codes for each encounter were considered if present, and
relevant codes were extracted and analyzed further. Relevant
codes were identified as follows: a list of individual musculo-
skeletal ICD-9-CM codes that were relevant to the study and
intervention was created by certified athletic trainers, and these
codes were classified as preventable or not preventable, and
into anatomic locations, acute/overuse; injury types. Prevent-
able injuries were those that, based on the injury classification
itself, may be reduced through injury prevention programs
(e.g., stress fractures) as well as injuries that potentially are
preventable through injury prevention programs; however,
injuries cannot be definitively classified as preventable since
no information is available regarding the mechanism. Exam-
ples include internal derangement of the knee, patellar ten-
donitis, and sprains and strains of shoulder and upper arm.
Examples of injuries that were not classified as preventable
include concussions, fractures (e.g., humeral fractures, and
nerve entrapment injuries. The statistical analysis was focused
on preventable injuries. The following preventable injuries
were analyzed: all preventable, upper extremity (shoulder and
elbow), lower extremity (hip, knee, lower leg, and ankle/foot),
spine (cervical, thoracic, and lumbopelvic), acute/overuse, and
injury types (pain/stiffness/effusion, sprains/strains, stress frac-
tures, and tendonitis/tendonopathy/tenosynovitis).

Statistical Analysis
ICD-9-CM codes were analyzed and described according to
their anatomic locations, anatomic sub-locations, onset (acute/
overuse), and injury types. The proportion of subjects with a
specific injury was calculated during a 5-month period before
the beginning of ETAP and a 5-month period after the begin-
ning of ETAP, using the formula in Figure 2. Only subjects

who were in the Army during the entire 10-month period of
the study were included in the analysis. McNemar tests were
used to compare the proportions of injured subjects within
group in garrison, during a period of 5 months before and
after the beginning of ETAP. Data analysis was performed
using SPSS 21.0 (IBM Corp, Armonk, New York). Statistical
significance was established at p < 0.05 a priori.

RESULTS
The focus of the analysis was on preventable injuries but
all injuries (before classification) are also reported in all of
the tables provided. The rest of the results are based on the
analysis of preventable injuries as outlined in the methods
and statistical analysis sections. The final data set included
the 1,136 Soldiers in the EXP and 584 Soldiers in the CON.
The distributions of ICD-9-CM codes by anatomic location
and anatomic sub-location, in the EXP and CON groups,
before and after the beginning of ETAP, are included in
Tables I and II. The majority of ICD-9-CM codes were
related to the spine and lower extremity anatomic locations
(Table I). Furthermore, lumbopelvic, knee, and ankle/foot are
3 most commonly injured anatomic sub-locations (Table II).
The distribution of ICD-9-CM codes by injury type is included
in Table III, and the distribution by injury onset is included
in Table IV. Pain/stiffness/effusion and sprains/strains were
the common injury types (Table III). More injuries are clas-
sified as predominantly acute than predominantly overuse,
although nearly half of all injuries are unspecified (Table IV).

McNemar tests within each group were conducted to
compare the proportions of subjects with injuries during
a 5-month period before (preINT) and after (postINT) the
beginning of ETAP (Table V). The McNemar tests revealed
that the proportion of Soldiers with preventable MSIs was
significantly decreased in the EXP group (preINT: 213/
1,136 (18.8%), postINT: 180/1,136 (15.8%), p = 0.041) while
there was no significant change in the CON group (preINT:
112/584 (19.2%), postINT: 104/584 (17.8%), p = 0.530).
Although there were trends toward decreased proportions for
the lower extremity injuries and overuse injuries in the EXP
group, there were no significant differences between preINT
and postINT on anatomical sub-locations and injury onset
in the experimental group. There was a significant decrease
in the proportion of Soldiers with stress fractures in theFIGURE 1. Timeline for injury tracking and intervention.

FIGURE 2. Calculation of proportion of injured subjects for each injury.
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EXP group (preINT: 14/1,136 (1.2%), postINT: 5/1,136
(0.4%), p = 0.022). For the CON group, there were no sig-
nificant differences between preINT and postINT.

DISCUSSION
The primary purpose of this study was to examine the capa-
bility of ETAP to reduce unintentional MSIs in a group of
Soldiers at the Army’s 101st Airborne Division (Air Assault).
The primary finding from this study is the ETAP’s capability
to reduce preventable MSIs. The statistical analysis revealed a
significant reduction for all injuries (without regard for injury
type, location, or onset) and for stress fractures. In addition a
nonsignificant reduction was observed for overuse injuries
and injuries to lower extremity. These results met our hypothe-
sis that the ETAP would reduce unintentional MSIs, although
some of the injury specific hypotheses were not met. These
results combined with the improvements observed in strength,
flexibility, balance, anaerobic power, agility, and APFT scores16

provide evidence that a scientifically designed training pro-
gram that is population specific to occupational demands and
injury profiles will be effective in improving force readiness
and health.

Comparisons between this study and previous studies are
somewhat limited as there are only a few studies that have
examined the injury reduction capabilities of physical training
programs in the Army. The revised physical training program
of record for the Army, the (PRT) program, has been assessed
for injury prevention capability on three occasions. The PRT
was examined in Basic Combat Training over a 9-week
period and was demonstrated to reduce overuse injuries simi-
lar to ETAP but did reduce traumatic injuries.20 The authors
indicated that the reduction of overuse injury was likely
because of a reduction in formation running mileage and
potentially through the variety of exercises employed. The
examination of PRT during Advanced Individualized Training
over 36 weeks compared to a historical control revealed sig-
nificant reduction in overuse (both genders) and traumatic

injuries (males only) but did not demonstrate a reduction
across all categorized injuries.21 The PRT program has also
been examined in an infantry unit preparing for deployment
and was demonstrated to reduce both overuse and acute inju-
ries.17 The studies examining PRT have demonstrated simi-
lar results to ETAP as both have demonstrated a reduction
in overuse injuries.

The principal reason for the reduction of injuries is attribut-
able to the scientific design of the ETAP,16 which incorporated
occupational task and demand analyses, injury epidemiology,
and assessments of the current physiological, musculoskeletal,
and biomechanical capabilities of the target population.15 It
was a cyclical program that included four phases to gradu-
ally increase volume, intensity, and running distance while
allowing for appropriate rest and accommodation/acclimation
to the activities. Phase I focused on introduction and general
adaptation to ETAP exercises; Phase II focused on a gradual
increase in volume; Phase III focused increasing intensity
with no change in volume; and Phase IV focused on taper
before deployment or training cycle reset. Each week included
five different workout sessions to address speed, agility, and
balance; muscular strength; interval training for anaerobic
power development; power development; and aerobic endur-
ance training. Each day began with a dynamic warm-up and
a cooldown with static stretch. Specific exercises were also
included throughout the week to address risk factors for
injury based on laboratory testing of over 400 Soldiers.15

Success of the ETAP can also be linked to the implemen-
tation and integration of an ICS. Implementation of ETAP
across the entire division including those participating in this
study required hundreds of NCOs to lead physical training,
which required the appropriate knowledge and training to
effectively and with the appropriate quality deliver the ETAP.
Each of the NCOs who led training participated and gradu-
ated from a 4-day ICS that included the ETAP physical
training workout cards to assist their morning physical
training and videos with course presentations and related

TABLE I. Anatomic Location Distribution of ICD-9-CM Codes in the Experimental and Control Groups During Two Separate
5-Month Periods (Before and After the Beginning of the Interventions)

Anatomic
Location

All Injuries Preventable Injuries

EXP Group
preINT

EXP Group
postINT

CON Group
preINT

CON Group
postINT

EXP Group
preINT

EXP Group
postINT

CON Group
preINT

CON Group
postINT

Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent

Head and
Face

30 1.6 40 2.7 21 2.3 26 2.8 0 0.0 0 0.0 0 0.0 0 0.0

Lower
Extremity

823 44.0 627 41.7 427 45.9 483 51.9 229 45.2 160 38.6 115 43.6 112 42.1

Spine 530 28.3 481 32.0 206 22.2 195 21.0 255 50.3 233 56.3 135 51.1 141 53.0
Torso 41 2.2 16 1.1 20 2.2 25 2.7 0 0.0 0 0.0 0 0.0 0 0.0
Upper

Extremity
253 13.5 210 14.0 169 18.2 144 15.5 11 2.2 14 3.4 7 2.7 6 2.3

Unspecified 193 10.3 129 8.6 87 9.4 57 6.1 12 2.4 7 1.7 7 2.7 7 2.6
Total 1,870 1,503 930 930 507 414 264 266
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information for them to share with others as well as to
refresh their learned knowledge. The transfer of knowledge
and training skills of these NCOs were essential to the suc-
cess of the program. A validation study was performed to
confirm that the ICS was appropriately designed with an
effective transfer of knowledge to the NCOs.22 Eight NCOs
were enrolled in ICS and subsequently returned to their
companies to deliver the ETAP. The Soldiers trained by
the NCOs who were enrolled in the ICS were tested in
the laboratory across multiple measures of musculoskeletal,
physiological, and performance measures before and after
the 4-month ETAP training period. Post-testing revealed
significant increases in APFT scores, anaerobic capacity,
strength, flexibility, balance, and landing biomechanics dem-
onstrating the effectiveness of the NCOs to deliver the ETAP
as designed.

A successful injury prevention program has the added
benefit of reducing the significant cost associated with MSIs.
Teyhen et al23 referenced a cost analysis that indicated that
MSIs during fiscal year 2007 cost $548 million. Teyhen
et al24 reported on the costs associated with 668 lower
extremity injuries for which military personnel sought medi-
cal care. These injuries accounted for over 2,100 medical

visits and cost $436,965 or approximately $654 per injury.
The ETAP, based on these numbers would have a signifi-
cant impact on the cost of care of MSIs in the Division.
The EXP group who participated in the ETAP experienced
a reduction of 33 injuries during the 5-month period of
the intervention for a group of 1,136 soldiers. This would
account for a reduction of $21,582 ($654/injury) in medical
care costs using data from the NATO report referenced
above.24 Potentially this could account for a reduction of
$379,974 over a 5-month period in medical care costs if
extrapolated across the approximate 20,000 Soldiers in the
101st Airborne Division (Air Assault).

There are several potential limitations based on this study.
Injuries and description of injuries are based on ICD-9 codes,
which may not be comprehensive and may have errors.
Groups were assigned based on block randomization because
of deployment schedules and groups were not blinded. The
primary analysis performed in this study was an examination
of preventable injuries, which was based on an operation defi-
nition created by the investigators to focus on injuries that
may be preventable through physical training. Other injuries
that were not classified as preventable may or may not be
affected by physical training.

TABLE III. Type of Injury Distribution of ICD-9-CM Codes in the Experimental and Control groups During Two Separate 5-Month Periods
(Pre- and Postintervention)

Type of Injury

All Injuries Preventable Injuries

EXP Group
preINT

EXP Group
postINT

CON Group
preINT

CON Group
postINT

EXP Group
preINT

EXP Group
postINT

CON Group
preINT

CON Group
postINT

Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent

Concussion 1 0.1 5 0.3 3 0.3 2 0.2 0 0.0 0 0.0 0 0.0 0 0.0
Dislocation 16 0.9 17 1.1 16 1.7 13 1.4 0 0.0 0 0.0 0 0.0 0 0.0
Fracture 90 4.8 45 3.0 33 3.5 32 3.4 0 0.0 0 0.0 0 0.0 0 0.0
Pain/Stiffness/

Effusion
799 42.7 595 39.6 441 47.4 508 54.6 191 37.7 176 42.5 112 42.4 117 44.0

Sprains/Strains 242 12.9 193 12.8 124 13.3 120 12.9 170 33.5 140 33.8 97 36.7 95 35.7
Stress Fracture 28 1.5 10 0.7 4 0.4 3 0.3 28 5.5 10 2.4 4 1.5 3 1.1
Tendonitis/

Tendonopathy/
Tenosynovitis

54 2.9 32 2.1 24 2.6 17 1.8 53 10.5 31 7.5 23 8.7 15 5.6

Unspecified 640 34.2 606 40.3 285 30.6 235 25.3 65 12.8 57 13.8 28 10.6 36 13.5
Total 1,870 1,503 930 930 507 414 264 266

TABLE IV. Onset: Predominantly Acute or Predominantly Overuse (ICD-9-CM Codes that are Predominantly Acute, but Could
be Sometimes Overuse, and Vice Versa); or Unspecified (Cannot be Classified), in the Experimental and Control Groups During

Two Separate 5-Month Periods (Before and After the Beginning of the Interventions)

Injury
Onset

All Injuries Preventable Injuries

EXP Group
preINT

EXP Group
postINT

CON Group
preINT

CON Group
postINT

EXP Group
preINT

EXP Group
postINT

CON Group
preINT

CON Group
postINT

Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent Count Percent

Acute 425 22.7 329 21.9 220 23.7 199 21.4 170 33.5 140 33.8 97 36.7 95 35.7
Overuse 197 10.5 184 12.2 99 10.6 78 8.4 117 23.1 75 18.1 47 17.8 42 15.8
Unspecified 1,248 66.7 990 65.9 611 65.7 653 70.2 220 43.4 199 48.1 120 45.5 129 48.5
Total 1,870 1,503 930 930 507 414 264 266
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CONCLUSIONS
The ETAP was scientifically designed to optimize perfor-
mance and reduce injuries with specificity to the U.S. Army’s
101st Airborne Division (Air Assault). Multiple studies were
performed to determine the optimal design factors for physi-
cal training relative to the occupational demands of the Divi-
sion and the injury epidemiology profile. A validation study
was performed before this study, which demonstrated the
ability of the ETAP to improve physical performance and
modify musculoskeletal and biomechanical characteristics
necessary for injury reduction. This study demonstrated the
effectiveness of the ETAP to reduce unintentional MSIs
across a large cohort of Soldiers. Combined, the two studies
demonstrate and confirm the vital role of a scientifically
designed training program on force readiness and health.
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