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Context: Specific movement patterns have been identified
as possible risk factors for noncontact lower extremity injuries.
The Dynamic Integrated Movement Enhancement (DIME) was
developed to modify these movement patterns to decrease
injury risk.

Objective: To determine if the DIME is effective for
preventing lower extremity injuries in US Military Academy
(USMA) cadets.

Design: Cluster-randomized controlled trial.
Setting: Cadet Basic Training at USMA.
Patients or Other Participants: Participants were 1313

cadets (1070 men, 243 women).
Intervention(s): Participants were cluster randomized to 3

groups. The active warm-up (AWU) group performed standard
Army warm-up exercises. The DIME groups were assigned to a
DIME cadre-supervised (DCS) group or a DIME expert-
supervised (DES) group; the former consisted of cadet
supervision and the latter combined cadet and health profes-
sional supervision. Groups performed exercises 3 times weekly
for 6 weeks.

Main Outcome Measure(s): Cumulative risk of lower
extremity injury was the primary outcome. We gathered data
during Cadet Basic Training and for 9 months during the

subsequent academic year. Risk ratios and 95% confidence
intervals (CIs) were calculated to compare groups.

Results: No differences were seen between the AWU and
the combined DIME (DCS and DES) groups during Cadet Basic
Training or the academic year. During the academic year, lower
extremity injury risk in the DES group decreased 41% (relative
risk [RR]¼0.59; 95% CI¼0.38, 0.93; P¼ .02) compared with the
DCS group; a nonsignificant 25% (RR ¼ 0.75; 95% CI ¼ 0.49,
1.14; P ¼ .18) decrease occurred in the DES group compared
with the AWU group. Finally, there was a nonsignificant 27%
(RR¼ 1.27; 95% CI¼ 0.90, 1.78; P¼ .17) increase in injury risk
during the academic year in the DCS group compared with the
AWU group.

Conclusions: We observed no differences in lower extrem-
ity injury risk between the AWU and combined DIME groups.
However, the magnitude and direction of the risk ratios in the
DES group compared with the AWU group, although not
statistically significant, indicate that professional supervision
may be a factor in the success of injury-prevention programs.

Key Words: warm-ups, exercises, Dynamic Integrated
Movement Enhancement

Key Points

� Professional supervision may be a factor in the success of injury-prevention programs.
� Cadets who performed the Dynamic Integrated Movement Enhancement program with professional supervision

from a certified athletic trainer or physical therapist had a reduction in the risk of acute knee-joint injury compared
with cadets who performed the same exercises without professional supervision.

� Although exercises led by medically trained personnel may currently be the most effective, programs led by
nonmedical personnel will ultimately be required to maximize the benefits of injury-prevention exercises on public
health.

M
ore than 800 000 military service members are
injured each year, leading to an estimated
25 000 000 days of limited duty annually.1 These

injuries range from minor strains and contusions to major
ligamentous sprains and bony fractures. Most of these
injuries are musculoskeletal in nature and predominantly

affect the lower extremity. Although the more severe
injuries can lead to a significant loss of training time and
long-term sequelae, even mild injuries can result in
decreased participation in sport and exercise, which could
contribute to a lack of readiness, poorer overall fitness, and
obesity.2 At the military academies, cadets sustain injuries
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that are similar to those of their active-duty counterparts.
However, they also have injury risks that are more closely
related to those of collegiate athletes as all cadets are
required to participate in intercollegiate, club level, or
intramural athletics as well as mandatory physical educa-
tion classes.

Because of the number of potentially negative outcomes
associated with training and athletic injuries, effective
injury-prevention measures in military and athletic popu-
lations are urgently needed.3,4 Within the military,
researchers4 have demonstrated a 20% to 30% reduction
in injuries when implementing programs that are designed
to improve trunk control, agility, and multiaxial movement
skills. Among athletes, similar strategies have been used to
prevent anterior cruciate ligament (ACL) injury.5–11

Although several groups have demonstrated a decreased
risk of injury after an exercise intervention,8,9,12,13 others
using very similar programs have not found a decreased
risk.14–17 Currently, it is unclear precisely why some
programs have successfully mitigated risk whereas others
have not, but authors5 of a meta-analysis of injury-
prevention program factors noted that the level of
supervision was associated with program success. Howev-
er, no previous researchers have prospectively examined
the effect of different levels of injury-prevention–program
supervision on injury outcomes.

Another possible reason for the inconsistency of previous
injury-prevention efforts is a lack of understanding
regarding the modifiable, prospective risk factors for
subsequent injury. Previous investigators18 have identified
modifiable high-risk movement patterns, such as limited
sagittal-plane motion and medial knee displacement, which
may contribute to an increased risk of lower extremity
injury. The Dynamic Integrated Movement Enhancement
(DIME) warm-up was developed to train athletes to avoid
these high-risk movement patterns. The DIME consists of
10 exercises that are designed to be performed before
engaging in sports or other intense physical training.
Although the primary purpose of creating the DIME
program was to prevent ACL injuries, previous injury-
prevention research suggests that exercise programs that
focus on improving movement quality may also decrease
the risk for other lower extremity injuries, such as shin
splints, patellar tendinopathy, patellofemoral pain, iliotibial
band syndrome, and plantar fasciitis due to similar risk
factors as for ACL injuries.8,18,19

The objective of our initial study was to determine if
implementing the DIME program in a military training
environment would reduce the injury risk in this popula-
tion. Specifically, we examined whether implementing the
DIME program during 6 weeks of military training could
effectively reduce the overall risk of lower extremity injury
in incoming US Military Academy (USMA) cadets during
Cadet Basic Training (CBT) and the subsequent academic
year. A secondary objective of our study was to determine
if the level of supervision was an important factor
associated with injury reduction in the DIME group. We
also had a specific interest in examining how the DIME
program affected the cumulative incidence of acute
traumatic knee-joint injuries during the follow-up period.
Our hypothesis was that a group of cadets performing the
DIME warm-up with supervision from a certified athletic
trainer (AT) or physical therapist (PT) would have a

reduction in injury risk compared with cadets performing
the DIME warm-up without professional supervision from
an AT or a PT.

METHODS

Design and Setting

We conducted a cluster-randomized trial during CBT at
the US Military Academy to determine if the DIME
program was effective in reducing the injury risk in military
academy cadets. Each cadet is assigned by the military
academy to a company of about 160 cadets. Participants
were cluster randomized at the level of their CBT
companies into 1 of 2 warm-up groups: (1) 4 companies
were assigned to the active warm-up (AWU) group, which
served as an active-control condition; (2) the other 4
companies were assigned to the DIME warm-up group. The
companies in the DIME group were further randomized as
follows: (1) 2 companies were assigned to the DIME cadre-
supervised (DCS) group, which performed the DIME
warm-up under the supervision of upper-class cadet
instructors only and (2) 2 companies were assigned to the
DIME expert-supervised (DES) group and performed the
DIME warm-up under the direction of the upper-class cadet
instructors with the additional supervision of an AT or a
PT. Each group performed warm-up exercises 3 times per
week for a duration of approximately 10 minutes
immediately before physical training as part of the cadet
physical fitness program for 6 weeks. The primary outcome
of interest was injury risk by intervention group. The study
protocol was approved by the institutional review board at
our institution before implementation.

Participants

We recruited college freshmen from the incoming class
of new cadets at the USMA during the summer of 2010.
The 1374 new cadets were given an informed consent
briefing. After the briefing, 1313 new cadets (n ¼ 243
women, n ¼ 1070 men; age range ¼ 18–22 years)
volunteered to participate in this study. All cadets
performed the warm-up program assigned to their military
company; however, data were collected and analyzed only
for those who provided informed consent.

Intervention

We used a ‘‘train the trainer’’ approach to the DIME
program implementation. Several of the authors (D.A.P.,
S.W.M., L.J.D., S.J.M., A.I.B.) who developed the DIME
program trained other members of the study staff, which
consisted of ATs and PTs with 1 to 10 years of clinical
experience. The study staff then provided standardized
training to the faculty in the USMA Department of Physical
Education (DPE) regarding the implementation of the
DIME program. The study staff supervised and assisted the
DPE faculty in training the upper-class cadet instructors
(exercise instructors) to implement and deliver the DIME
program. All exercise instructors in the DIME groups
completed six 30-minute training sessions with the DPE
faculty and the study staff to learn, practice, and provide
feedback on the proper execution of their group’s assigned
warm-up exercises. Instructors in the AWU group were also
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trained in six 30-minute sessions. However, their training
was conducted by staff from the USMA DPE without input
from the study staff. The training for all groups was
standardized; the only difference was the exercises for the
programs being implemented. Within each company, the
participants (cadets) were divided into groups of approx-
imately 40, which were called platoons. Each platoon was
led by a primary exercise instructor who demonstrated
exercises while counting repetitions and issuing commands.
Additionally, 5 other exercise instructors in each platoon
provided feedback and made corrections as the participants
performed the warm-up exercises.

The AWU consisted of 10 standard exercises that are
commonly used throughout the US Army before unit
physical fitness training (Appendix 1).20 The exercises were
performed in a group setting using a slow to moderate
cadence. The other 2 groups performed the DIME warm-up
program before engaging in exercise (Appendix 2).
Although both groups performed the DIME warm-up under
the direction of the upper-class cadet instructors, for the
DES group, a member of the study staff (AT or PT) was
assigned to each platoon, was visibly present during all
exercise sessions, and provided instant verbal and written
feedback to the exercise leaders regarding proper execution
of the DIME exercises after each session. Because of
academy regulations, study staff were not allowed to
directly correct individual new cadets who were performing
exercises incorrectly. Instead, the study staff provided
instruction and correction to the upper-class cadet exercise
leaders and called out verbal cues such as ‘‘knees over toes’’
or ‘‘toes straight ahead,’’ which were clearly audible to all
of the new cadets and the upper-class cadre. For the DCS
group, exercise instructors were observed for compliance
during the implementation and execution of warm-up
exercises but did not receive further active instruction or
feedback in their execution of the DIME warm-up.

Immediately after the individual group warm-up pro-
grams, all groups conducted the same physical training
regimen. This regimen consisted of group runs for 2 to 4 mi
(3.2 to 6.4 km) at least 2 or 3 times per week. A weekly foot
march took place at a distance progressively increasing
from 3 to 12 mi (4.8 to 19.3 km) with a rucksack
(backpack) weighing 35 lb (15.9 kg). Cadets also
performed strength training at least once per week, which
consisted primarily of pull-ups, dips, push-ups, and sit-ups.
All exercises were performed in a group setting under the
direction of the upper-class cadet leadership. The cadets
performed this routine throughout their 6 weeks of CBT.

After 3 weeks of training, all of the upper-class
instructors for all groups were replaced by a second group
of upper-class cadet instructors. This change was done to
satisfy USMA summer training requirements for the upper-
class cadets. The second group of instructors was trained
according to the same standard as the first group with 6
training sessions lasting 30 minutes. When the second
group of instructors assumed responsibility for exercise
instruction, the exercises in the DIME groups were
progressed to a more advanced set. These exercises
included a progression from bilateral jumping to unilateral
hopping, progression from a forward-plank exercise to a
unilateral plank, and from a unilateral balance exercise to a
unilateral squat and reach. Although the level of difficulty
of the DIME exercises increased, the overall volume of

training exercises and the time spent performing warm-up
exercises was unchanged. The AWU group performed the
same exercises through the duration of CBT.

After the completion of CBT, study personnel did not
intervene further during the academic year. Cadets resumed
their typical physical activities, including daily intercolle-
giate, competitive club, or intramural sport participation;
physical education classes 2 or 3 days per week; and
individual physical fitness programs.

Injury Outcomes

The primary outcome of interest in our study was the
cumulative incidence, as measured by the epidemiologic
incidence proportion, of musculoskeletal injury to the lower
extremities during 3 time frames (CBT, academic year, and
CBT and academic year combined).21 Lower extremity
musculoskeletal injury was defined as the first musculo-
skeletal injury to the lower extremity for each participant
during the follow-up period that was severe enough to
cause him or her to seek treatment from a medical provider.
Contusions, lacerations, and skin conditions were not
considered lower extremity injuries. In addition to lower
extremity injury, we were also interested in the specific risk
of acute traumatic knee-joint injury and ACL injury as
secondary outcomes of interest. Acute knee-joint injury was
defined as any traumatic injury to the ligamentous or
meniscal structures of the knee. Participants were dichot-
omized as being injured or not injured. Multiple injuries to
the same participant were not counted. This decision was
made because participants who sustained injuries could
have subsequent limitations on activities, use crutches for a
time, or have a surgical intervention, any of which could
confound any attempt to relate future injuries to the
previous intervention. Thus, data from participants who
were injured during CBT were not analyzed for the
academic year period. Injuries occurring from June 30,
2010, until August 15, 2010, were classified as CBT
injuries. The second time period that was analyzed was the
academic year from August 16, 2010, until May 24, 2011,
which corresponded to the duration of the first academic
year after CBT for the cadets.

Injury Surveillance

All cadets receive health care through the closed military
health care system at the USMA. All injuries to cadets are
evaluated through the USMA sports medicine, physical
therapy, and orthopedic clinics as described previously.22

The ATs in this study were not involved in diagnosing,
treating, or documenting any cadet injuries. The PTs in this
study did work in a sick-call clinic where they performed
evaluations for cadets with musculoskeletal injuries. The
PTs did not ask cadets which group they were assigned to
during their evaluations and were blinded to group
assignment. The orthopedic surgeons and primary care
physicians who evaluated the cadets were also blinded to
group assignment.

Injury tracking was performed using the Cadet Illness and
Injury Tracking System (CIITS), an injury-surveillance
database used at the USMA. Every cadet who is injured to
an extent that causes him or her to seek medical care, miss
training, or participate in training with imposed limitations
due to injury is entered into the CIITS database.
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Additionally, injury tracking was performed using the
Armed Forces Healthcare Longitudinal Technology Appli-
cation (AHLTA). The AHLTA serves as the Military
Health System’s electronic medical record. All medical
encounters for cadets are recorded in AHLTA with
diagnosis information. These databases have been used in
previous studies23,24 examining injury incidence in this
population. Because all of the participants in this study
were new to the military, information about previous
injuries was not available in either database. However, all
participants were medically screened and deemed healthy
according to the medical fitness standards for military
service before enrollment in the study. Consequently, all
injuries were treated as new injuries for this study.

Data Analysis

Initially, the epidemiologic incidence proportion, along
with the 95% confidence interval (CI), was calculated for
each intervention group (AWU versus DIME) during each
follow-up period of interest (CBT, academic year, CBT and
academic year combined). The incidence proportion is a
direct measure of the average risk of injury during a
specified period of time and represents the cumulative
incidence during the follow-up period of interest.21 We
calculated the incidence proportion based on the description
provided by Knowles et al.21 The first set of analyses
examined the association between the intervention group
(AWU versus DIME) and the cumulative incidence for the
3 injury outcomes of interest (lower extremity injury, acute
traumatic knee-joint injury, and ACL injury). The popula-
tion at risk for the CBT and the combined CBT and
academic year analyses included the entire population at
risk at the beginning of the study period; the data for these
periods were analyzed in an intention-to-treat fashion. Data
for the academic year analysis included only those
participants who completed the entire intervention program
(AWU and DIME) during CBT in the population at risk;
cadets who sustained an injury that prevented them from
fully participating in the intervention were excluded. To
compare the average risk of injury between groups (eg,
AWU versus DIME), we calculated relative risk (RR) ratios
and 95% CIs. The association between intervention group
and cumulative incidence of injury during the follow-up
period was assessed by constructing 232 (group-by-injury
status) contingency tables and conducting the v2 or Fisher
exact test as appropriate. A second set of analyses assessed
whether level of supervision was associated with the
cumulative incidence of injury by dividing the DIME
group by level of supervision (DCS or DES) and comparing
them to each other, as well as to the AWU group. These
secondary analyses used techniques similar to those
described earlier. The AWU group served as the reference
group for all between-groups comparisons, except when the
DES group was compared with the DCS group, in which
case the DCS group served as the referent category.

Statistical analyses were completed using STATA/SE
software (version 10.1; StataCorp, College Station, TX).

RESULTS

Lower Extremity Injuries

Of the 1313 participants during CBT, 659 were assigned
to the AWU group and 654 were assigned to the DIME
group (DCS ¼ 329 and DES ¼ 325; Figure). Of these
participants, 196 were injured during CBT. The most
common CBT injury was overuse syndrome of the knee
(49/196 injuries; 25%). Overall lower extremity injury data
for CBT are summarized by type of injury and body part in
Table 1. The cumulative incidence of lower extremity
injuries during CBT by intervention group is summarized in
Table 2. The cumulative incidences of lower extremity
injury during CBT between the AWU and both DIME
groups combined did not differ (RR¼ 1.03; 95% CI¼ 0.79,
1.33; P ¼ .832). Similar results were observed when the
cumulative incidence of lower extremity injury during CBT
for the AWU group was compared with the DCS (RR ¼
1.03; 95% CI ¼ 0.75, 1.41; P ¼ .842) and the DES (RR ¼
1.02; 95% CI ¼ 0.75, 1.41; P ¼ .882) groups separately.

Excluding the 196 individuals who were injured during
CBT, which prevented them from fully participating in the
3 warm-up programs, left 1117 participants available for
analysis during the academic year period. A total of 562
cadets were in the AWU group, 279 were in the DCS group,
and 276 were in the DES group. During the academic year,
146 participants experienced a lower extremity injury. The
most common academic year injury was an ankle sprain,
representing 52 of 146 reported injuries (36%). The
cumulative incidence of lower extremity injury by group
during the academic year is summarized in Table 2. Similar
to the period during CBT, there was no difference in the
cumulative incidences of lower extremity injury between
the AWU group and both DIME groups combined during
the academic year (RR ¼ 1.01; 95% CI ¼ 0.75, 1.37; P ¼
.935). However, the cumulative incidence of lower
extremity injury within the DIME group varied significant-
ly by level of supervision. We noted a 41% risk reduction in
the DES group compared with the DCS group (RR¼ 0.59;
95% CI ¼ 0.38, 0.93; P ¼ .02). Although not statistically
significant, there was also a 25% risk reduction in the DES
group compared with the AWU group (RR¼ 0.75; 95% CI
¼0.49, 1.14; P¼ .18). Finally, we observed a nonsignificant
27% increase in the risk of injury in the DCS group
compared with the AWU group (RR¼1.27; 95% CI¼0.90,
1.78; P ¼ .171).

When we examined the incident injuries from both CBT
and the academic year combined, the patterns of incidence
estimates by group were similar to those observed during
the academic year but to a lesser degree (Table 2). The
cumulative incidences between the AWU group and the
DIME groups combined did not differ (RR¼ 1.02; 95% CI

Table 1. Summary of Types of Injuries, No.

Time Period Ankle Sprain Knee Sprain Foot Overuse Ankle Overuse Lower Leg Overuse Knee Overuse Hip Overuse Other

Cadet Basic Training 48 12 15 17 37 49 7 11

Academic year 52 17 7 8 11 18 6 27

Total 100 29 22 25 48 67 13 38

908 Volume 51 � Number 11 � November 2016



¼ 0.85, 1.22; P ¼ .836). The cumulative incidence in the
DES group was 9% lower than the AWU group (RR ¼
0.91; 95% CI¼ 0.72, 1.15; P¼ .411) and 20% lower than
the DCS group (RR ¼ 0.80; 95% CI ¼ 0.62, 1.03; P ¼
.092), but these differences were not statistically signif-
icant. Finally, the cumulative incidence in the DCS was
13% higher than the AWU group (RR ¼ 1.13; 95% CI ¼
0.91, 1.40; P ¼ .259), but again the difference was not
statistically significant.

Acute Traumatic Knee-Joint Injuries

The pattern for knee injuries by group was similar to
that observed for all lower extremity injuries during CBT,
the academic year, and both periods combined. A total of
29 acute traumatic knee-joint injuries (7 ACL injuries)
were reported during the follow-up period including CBT
and the academic year. The incidence proportion of acute
traumatic knee-joint injuries by group during the follow-
up period is presented in Table 2. Overall, we noted no
differences in the cumulative incidence of acute knee-
joint injuries when the AWU group was compared with
both DIME groups during the entire follow-up period (RR
¼ 1.08; 95% CI ¼ 0.52, 2.22; P ¼ .838). Similar results
were observed when the AWU group and DIME groups
were compared during CBT and the academic year
separately; however, as observed for lower extremity
injuries in general, the cumulative incidence of acute
knee-joint injury varied by level of supervision within the
DIME group. During CBT and the academic year, there
was a 75% risk reduction for acute traumatic knee injuries
in the DES group compared with the DCS group (RR ¼
0.24; 95% CI ¼ 0.07, 0.89; P ¼ .020). A nonsignificant
57% risk reduction was evident when we compared the
DES group with the AWU group during this same time
period (RR ¼ 0.43; 95% CI ¼ 0.13, 1.50; P ¼ .173).
Finally, the risk of acute knee-joint injury increased by a
nonsignificant 72% in the DCS group compared with the
AWU group during CBT and the academic year (RR ¼
1.72; 95% CI ¼ 0.27, 1.24; P ¼ .159).

The cumulative incidence of ACL injuries by interven-
tion group during the study period is presented in Table 2.
No ACL injuries were seen in the DES group during the
entire follow-up period. The DCS group experienced 2
ACL injuries during the follow-up period; both occurred
during the academic year. The AWU group experienced 5
ACL injuries during the follow-up period; 1 occurred
during CBT and the other 4 during the academic year. The
risk of ACL injury in the combined DIME group (DCS
and DES) was 60% lower compared with the AWU group
during the entire follow-up period (RR¼ 0.40; 95% CI¼
0.07, 2.07; P ¼ .260); however, this finding was not
statistically significant.

DISCUSSION

We observed no statistically significant differences in
injury risk when comparing the combined DIME group
(DES and DCS) with the AWU group during any of the
follow-up periods (CBT, academic year, or CBT and
academic year combined). In further subgroup analyses to
examine the association between the cumulative incidence
of lower extremity injury and level of supervision in the
DIME group, we did note a lower incidence of injury forT
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all injury outcomes in the DES group compared with the
other 2 groups; however, only the 41% reduction in the
cumulative incidence of lower extremity injury in the DES
group compared with the DCS group was statistically
significant during the academic year (RR¼ 0.59; 95% CI¼
0.38, 0.93; P ¼ .02). The observed 25% reduction in the
cumulative incidence of lower extremity injury in the DES
group compared with the AWU group was not statistically
significant (RR ¼ 0.75; 95% CI ¼ 0.49, 1.14; P ¼ .18).
Furthermore, the width of the CI around the point estimate
and the fact that it includes 1 suggest a degree of
uncertainty associated with this estimate, which fails to

exclude the possibility of increased risk in the DES group.
However, the magnitude and direction of the observed
point estimate and associated CI in this study favors risk
reduction in the DES group and was comparable with the
findings of previous authors in similar military populations.
In a recent systematic review, Bullock et al4 reported a 20%
to 30% injury reduction in military populations using
similar programs. Although this result was not statistically
significant, if confirmed, it could have clinical importance.
Our secondary hypothesis was supported, as the cumulative
incidences of lower extremity injury and acute traumatic
knee-joint injury during the academic year were lower in

Figure. CONSORT diagram. Abbreviations: AWU, active warm-up; CBT, cadet basic training; DCS, cadet supervision; DES, combined
cadet and health professional supervision; DIME, Dynamic Integrated Movement Enhancement.
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participants who performed the DIME program under the
supervision of an AT or PT compared with cadets who
performed the DIME without professional supervision.

The cumulative incidence of lower extremity injury was
nearly identical across all 3 groups during CBT. This may
indicate that any movement-pattern correction training
likely has a negligible effect on lower extremity injury
reduction during the early weeks of implementation. Our
finding of no differences among groups during CBT may
indicate that an exercise program for reducing injury risk
has no immediate effects. This result is consistent with
previous research, which suggests that the effects of injury-
prevention programs are not observed until later in an
athletic season.9,25,26 Therefore, it may be appropriate to
begin a program such as the DIME several weeks before a
sport season or military basic training. It also seems likely
that injuries sustained during CBT are more closely related
to a rapid increase in training volume rather than to
biomechanical risk factors. If so, this would limit the
potential effects of a program such as the DIME over this
time period.

We demonstrated no statistically significant difference in
injury risk between the DCS group and the AWU group
(RR¼ 1.27; 95% CI¼ 0.90, 1.78; P¼ .171), and the width
of the CI suggests great uncertainty in this comparison.
Although the difference was not significant, the direction
and magnitude of the point estimate and CI suggest the
possibility of increased risk. Several factors could have
contributed to this possible increased risk in the current
study. First, although the research staff observed the cadet
instructors in the DCS group (just as they did in the DES
group) for compliance, they did not provide any further
instruction or feedback on program implementation. As a
result, participants may have had difficulty learning the
DIME exercises and performing them correctly during the
6-week intervention. This may have had a more significant
effect when the difficulty of the DIME program was
increased at the midpoint of basic training. Progressing this
group to more challenging exercises without expert
supervision and appropriate feedback might have rein-
forced faulty movement patterns, which in turn may have
contributed to an increased risk of injury. As a result, a
combination of lack of professional supervision and
increase in injury-prevention–program difficulty in this
initial study may have resulted in deleterious effects for
those in the DCS group. Furthermore, even though cadet
instructors in all 3 programs received similar training (eg,
time and number of sessions), many of the instructors in the
AWU group had performed these standard military warm-
up exercises previously. Thus, they were probably more
familiar with the proper execution of these exercises. These
factors may explain in part why the observed cumulative
injury incidence in the AWU group was lower than that
observed in the DCS group.

The importance of professional supervision as it relates to
the success of such programs as the DIME is not clearly
understood. However, our hypothesis that professional
supervision is important to the outcomes of injury-
prevention programs was supported, as the DES group
had a statistically significant reduction in the risk of lower
extremity injury and acute knee-joint injury compared with
the DCS group. Although we are the first to directly analyze
the different methods of exercise instruction, our findings

are consistent with the body of previous research involving
injury-prevention programs. The injury-prevention pro-
grams that have successfully reduced ACL injury risk have
typically been implemented under the supervision of an AT
or PT.6,8,9 With the exception of Mandelbaum et al,13 who
reported a reduction in ACL injury risk using an exercise
program led by coaches, programs led by coaches or other
nonmedical personnel have not resulted in an injury
reduction.15,16 It is possible that ATs and PTs, being
trained to recognize lower extremity impairments and
faulty movement patterns, may be better equipped to assess
movement patterns and provide the precise corrective
feedback required to implement these programs effectively.
Although exercises led by medically trained personnel may
currently be the most effective, programs led by coaches
and other nonmedical personnel will ultimately be required
to maximize the effect of injury-prevention exercises on
public health. Future studies that prospectively and directly
analyze the effect of different models of exercise
instruction and supervision are urgently needed.

The mechanism that caused higher levels of supervision
to translate into decreased injury risk in this study is not
fully understood. Analyzing human movement typically
occurs in a one-on-one setting in a clinic or a laboratory,
potentially with instrumentation. In this study, only 1 AT or
PT was assigned to a group of 35 to 40 cadets. An
additional 5 or 6 upper-class cadet instructors were
assigned to each platoon of cadets, but this ratio is still
insufficient to truly analyze human movement, especially in
such a time-constrained environment. We believe the real
benefit of professional supervision may have been that the
cadre and the participants were aware that they were being
scrutinized and attempted to perform the exercises
correctly, whereas the DCS group may have just gone
through the motions with little concern for proper
technique. Furthermore, the ATs and PTs called out oral
cues that were clearly audible to the entire group
throughout each exercise session. These cues included
‘‘knees over toes,’’ ‘‘toes straight forward,’’ ‘‘land softly by
bending the ankles, knees, and hips,’’ and other cues that
were used to remind participants to concentrate on good
form. In the absence of this oral reinforcement, the
participants in the DCS group might have allowed their
exercise technique to deteriorate. This possibility under-
scores the need to train potential leaders of injury-
prevention programs in the importance of proper error
detection and feedback delivery. A priority for future
researchers should be determining the factors that are
critical in training coaches and other exercise leaders to
effectively implement lower extremity injury-prevention
programs.

The magnitude of the differences we observed in injury
risk between groups might have been greater if the
intervention program had specifically targeted those
persons with high-risk biomechanical movement patterns
at baseline. All participants randomized to the DIME
groups performed the DIME, whether they had faulty
movement patterns or not. Because the DIME is a program
designed to improve movement, we would anticipate very
little effect on the overall injury risk of persons who did not
have faulty movement patterns before the intervention. The
theory of rapidly screening to identify those with high-risk
movement patterns and then focusing appropriate move-
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ment retraining exercises on this subpopulation is compel-
ling.27,28 Future investigators should focus on developing
more sensitive screening techniques and targeting athletes
with faulty movement patterns for intervention.29

The DIME program was initially designed to identify and
improve the high-risk biomechanical movement patterns
associated with ACL injury. Notable in our study was the
reduction in the cumulative incidence of acute traumatic
knee-joint injuries in the DES group when injuries from the
entire follow-up period (CBT and the academic year
combined) were examined. We observed a 75% reduction
in risk of acute traumatic knee-joint injury when comparing
the DES group with the DCS group (RR¼ 0.24; 95% CI¼
0.07, 0.89; P¼ .020). When examining the point estimate,
we also observed a 57% reduction in the risk of acute
traumatic knee-joint injuries comparing the DES group to
the AWU group (RR ¼ 0.43; 95% CI ¼ 0.13, 1.50; P ¼
.173); however, this difference was not statistically
significant. The CI of this comparison included 1, which
leaves the statistical possibility that there was actually an
increase in risk in the DES group; however, the width of the
CI is due in part to the relatively small number of acute
traumatic knee-joint injuries observed across all groups
(AWU ¼ 14, DCS ¼ 12, DES ¼ 3) during the follow-up
period. The small number of injuries limits our ability to
draw statistically meaningful conclusions. When we
examined injury data for CBT and the academic year
independently, we found similar nonsignificant reductions
in acute traumatic knee-joint injuries between the DES
group and the AWU group (Table 2). Although the
reduction of risk within the DES group compared with
the AWU group was not statistically significant and
considerable uncertainty remains, the magnitude and
direction of the observed difference appear to be clinically
important.29 These results should be considered preliminary
and interpreted with caution; however, they may be
clinically important given the small number of observed
knee-joint injuries during the follow-up period and the
associated lack of adequate statistical power. Further
definitive study is needed to confirm these findings.
Because of the severity and potential long-term complica-
tions of acute traumatic knee-joint injury, it is important to
further investigate this reduction in risk in future studies
that are adequately powered for ACL or acute traumatic
knee-joint injury as an injury outcome.

As with any study, our study had potential limitations that
should be considered. Foremost, the results presented here
are from a yearlong investigation to determine if the DIME
program could be implemented during military basic

training and whether there was any evidence of reduced
injury risk in this sample. We enrolled nearly an entire
freshman class entering the USMA to participate in this
study (1313/1374 ¼ 95.5%), implemented a 6-week
intervention, and followed all participants for injury during
their first year at the academy. Despite this considerable
effort, the study was underpowered for the lower extremity
and knee injury outcomes of interest (Table 3). Because we
planned to enroll nearly all eligible participants from the
entire class, we did not perform an a priori sample-size
estimate. Further study comparing the AWU and DES
groups with adequate power for these injury outcomes
appears to be warranted based on these initial findings. To
address this will likely require a longitudinal cohort study
over multiple years at a single institution or large
multicenter studies. Another potential limitation is that
the lower extremity injury outcomes in the current study
represent a mix of traumatic and overuse injuries, which
occurred in a variety of activities. The broad spectrum of
injuries and mechanisms might have diminished our ability
to find meaningful results. Another limitation is that we
relied on active surveillance information from CIITS and
AHLTA to identify incident injuries during the current
study. The quality of the administrative data contained in
these systems depends on the completeness, validity,
consistency, timeliness, and accuracy of the data main-
tained in these databases. As a result, coding errors
associated with incident case diagnoses cannot be ruled
out when using large-scale administrative databases for
epidemiologic studies. Although we attempted to cross-
reference injury data in CIITS and AHLTA to ensure
complete injury-data capture during the follow-up period, it
is possible that some injuries were missed. In calculating
the epidemiologic incidence proportion, we included only
the first injury sustained by each person at risk during the
follow-up period; as a result, multiple injuries to the same
person may have been missed. Because there were no
differences in the cumulative incidence of injury between
the intervention groups during CBT, we elected to limit our
analysis during the academic year to only those who
completed the intervention without injury. Although this
decision allows us to compare outcomes between those who
completed the AWU and DIME programs in each group
during the academic year, it might have introduced some
bias into this portion of the analysis.

Another potential limitation is that our analysis did not
account for the potential correlation that can result from
participants being cluster randomized or nested within
companies. It is unlikely that this correlation had any
notable effect but the small number of clusters or
companies studied might have increased the standard errors
and widened the CIs around our point estimates. Further-
more, we performed univariate analyses with the incidence
proportion as our primary outcome of interest, which did
not account for person-time at risk to injury (exposure). We
elected not to use incidence rates as our outcome of interest
because it was not administratively feasible to document
individual person-time at risk in each of the various training
events and physical activities that participants were
required to complete during the follow-up period. Further-
more, because all participants were cadets at a military
academy, nearly all had the same cumulative exposure to
training events during the course of CBT and the academic

Table 3. Observed Power and Sample Size Estimates for

Comparisons Between the Active Warm-up Group and the Expert-

Supervised Dynamic Integrated Movement Enhancement Group

During the Academic Year

Injury Outcome

Observed

Powera

Sample Size

Estimateb

Lower extremity injury 0.223 1610

Acute traumatic knee injury 0.084 2420

Anterior cruciate ligament injury 0.057 1388

a Observed power for the current study.
b Sample size estimate per group, based on the incidence

proportion data presented in Table 1; assumes a 2-tailed alpha
level of .05 and power of .80.
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year; however, these exposures occurred at different times
throughout the year because of scheduling. As a result, we
believe the incidence proportion, which is a recognized
measure of disease occurrence in the epidemiologic
literature, was the most appropriate outcome for this study.
It is possible that other injury outcomes and analytical
techniques (eg, Poisson, negative binomial, and Cox
proportional hazards regression) could have been used
and yielded different results.

CONCLUSIONS

We observed no differences in lower extremity injury risk
between the AWU group and the combined DIME (DES
and DCS) group. The CIs for all comparisons were fairly
wide and many included 1, indicating potential uncertainty
in the observed results. This uncertainty underscores the
importance of interpreting these results with caution.
Although this study was underpowered for the injury
outcomes of interest, the magnitude and direction of the
risk ratios in the DES group compared with the AWU group
appear to be clinically important and indicate that the
injury-prevention program, under expert supervision, may
be able to reduce injury risk. This is particularly important
within the military population, in whom lower extremity
musculoskeletal injuries are endemic and costly. Despite
the apparent benefit to performing the DIME with expert
supervision, our results indicate that the DIME could
contribute to increased injury risk if not properly executed.
Definitive, adequately powered studies are needed to
confirm these initial findings. The significant systematic
differences in the incidence of injury between the DES
group and the DCS group suggest that level of supervision
is an important factor in the successful implementation of
lower extremity injury-prevention programs and that
inadequate training or supervision may have deleterious
effects. A priority for future researchers should be
determining the factors that are critical in training coaches
and other exercise leaders to effectively implement lower
extremity injury-prevention programs.
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Appendix 1. The Active Warm-Up Program; the 10th Exercise was Jogging in Place, Which was Performed
Between Other Exercises Continued on Next Page
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Appendix 1. Continued From Previous Page

916 Volume 51 � Number 11 � November 2016



Appendix 2. The Dynamic Integrated Movement Enhancement Warm-Up Program; the 10th Exercise was
Jogging in Place, Which was Performed Between Other Exercises Continued on Next Page
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