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Disclaimer
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The views expressed in this presentation are those of the author(s) and do not 
necessarily reflect the official policy of the Department of Defense, Defense 
Health Agency, or the U.S. Government.
The mention of any non-federal entity and/or its products is for informational 
purposes only, and is not to be construed or interpreted, in any manner, as 
federal endorsement of that non-federal entity or its products.
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Defense Centers for Public Health – Aberdeen
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Vision: Unrelenting pursuit 
                         of excellence as we care for our 
joint force and those we are privileged to serve. 
Anytime, Anywhere—Always.

       Mission: The Defense Health 
       Agency supports our Nation by 

improving health and building readiness — making 
extraordinary experiences ordinary and exceptional 
outcomes routine.

Presenter Notes
Presentation Notes
IMAGE: DCPH-A Illustration by Joyce Kopatch, Cleared for Public Release
____________________________________________
DCPH-A provides public health services from program evaluations, outbreak investigations, surveillance analysis, health promotion programs, environmental sampling (entomologic, soil, and water) to hazardous waste management.  
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Public Health Approach to Injury Prevention
4

Sources: 
Jones BH, VD Hauschild, and M Canham-Chervak. 2018. J Med Sci Sport 21(112):1139–46.
Jones BH, DM Perrotta, M Canham-Chervak et al. 2000. Am J Prev Med 18(3S):71–84. 

Five Key Public Health Questions Five Steps of the Public Health Approach
1. Is there a problem, and how big is it? 1. Surveillance

2. What causes the problem? 2. Research and field investigations

3. What works to prevent the problem? 3. Intervention trials and systematic reviews

4. Who needs to know and do what? 4. Program and policy implementation

5. How effective is what we have done? 5. Program evaluations and monitoring
Resembles the Risk Management Approach: 

1. Identify hazards
2. Assess hazards
3. Develop controls and make decisions
4. Implement controls
5. Supervise and evaluate

Presenter Notes
Presentation Notes
Way that we frame our work is using the… 5 Questions; answered using the 5 Questions see to the left; using the tools/techniques named to the right. 
A systematic approach is needed to address this large, complex problem.
I’ll be providing a brief overview of data from all steps of this process; summarizing what we’ve learned, including our most recent findings.

Systematic reviews are used to identify evidence-based prevention strategies that can be used to prevent the problem.

The Public Health Approach mirrors the Risk Management Approach, the steps of which are very similar.
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How big is the problem?
Lessons from Injury Surveillance/Monitoring

Presenter Notes
Presentation Notes
PHOTOS, all cleared for public release (left-right):

1) U.S. Army photo https://www.flickr.com/photos/35703177@N00/3724533652/
2) U.S. Army photo by Staff Sgt. Michael Mellons https://www.flickr.com/photos/soldiersmediacenter/28949936971/in/photostream/
3) U.S. Army photo https://api.army.mil/e2/c/images/2016/11/01/455633/original.jpg
____________________________________________
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Injury Pyramid 
U.S. All Services Active Duty, 2021
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*Frequencies are rounded and represent incident injury visits
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Presenter Notes
Presentation Notes
*All calculations saved at S:\Program12\Surveillance-Nondeployment\DSOC quad-service data\All Services 2021 analysis\Combined\Excel_template_All Services 2021_Combined.xlsx

**Actual counts: 647 deaths, 2,579 hospitalizations and 1,478,332 outpatient

** Deaths = intentional (homicide, killed in action and self-inflicted) and unintentional (accidental)
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*MSK = damage to tissue(s) of the musculoskeletal system (i.e., bone, cartilage, muscle, tendon, fascia, joint, 
ligament, bursa, or synovium)
Diagnosis group “Other” includes adverse effects of drugs, blood disorders, and other neoplasms (not cancer).

Presenter Notes
Presentation Notes
Illustrates the frequency of injuries and disease by primary diagnosis (ICD-10-CM code groups). 
In 2021, there were 12,533,490 medical encounters (hospitalizations and outpatient visits):
Injuries accounted for 39.3 percent of all medical encounters (n=4,921,642), about 2.2 times as many encounters as the second leading cause, mental and behavioral disorders (n=2,275,915; 18.2 percent).
Injuries affected 693,278 (52.0 percent) individuals, 1.4 times more individuals than the second leading diagnosis group, ill-defined conditions (n=478,922; 35.9 percent).
Mental and behavioral disorders required the most hospital bed days (n=191,512) followed by maternal and congenital conditions (n=55,712) and injuries (n=43,185).
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U.S. All Services Active Duty, 2021
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*MSK = damage to tissue(s) of the musculoskeletal system (i.e., bone, cartilage, muscle, tendon, fascia, joint, 
ligament, bursa, or synovium)

Incident Injuries, N = 1,480,911

Acute Trauma
n=315,666 

(21%)

Cumulative 
Microtrauma
n=1,103,950 

(75%)
MSK 

n=171,812 
(12%)

Non-MSK
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(10%)
Non-MSK
n=87,332 
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MSK
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n=5,026 (<1%)

Cold
n=620 (<1%)

Toxins
n=2,250 (<1%)

Chemicals
n=14,047 

(<1%)

Non-
Environmental
n=4,011 (<1%)

Thermal Burns
n=3,647 (<1%)

Electrical
n=343 (<1%)

Nuclear 
Radiation

n=21 (<1%) Medical 
Accidents

n=75 (<1%)

Medical 
Complications

n=13,169 (<1%)

Foreign Body
n=967 (<1%)

Lack of Essential 
Element

n=384 (<1%)
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Multiple Injuries
n=8,301 (<1%)

Other Reaction 
to External 

Cause
n=3,187 (<1%)

Abuse/ 
Intentional

n=5,866 (<1%)

Mechanical Energy
Injuries

n= 1,419,616 (96%)

Non-Mechanical Energy
Injuries

n= 29,346 (2%)

Other/Unspecified
Injuries

n= 31,949 (2%)

Presenter Notes
Presentation Notes
The vast majority (96%) of new (incident) injury diagnoses were attributable to mechanical energy sources and 68% to cumulative micro-traumatic musculoskeletal (MSK), “overuse” injuries.

a   Source: “A Taxonomy of Injuries for Public Health Monitoring and Reporting,” U.S. Army Public Health Center (APHC) Public Health Information Paper 12-01-0717, http://www.dtic.mil/docs/citations/AD1039481
b   Active Duty medical records data prepared by Armed Forces Health Surveillance Division (AFHSD); injuries defined using the Taxonomy of Injuries 
c   All U.S. All Services Active Duty Personnel for inpatient and outpatient visits (including purchased care).  Initial encounters & first diagnosis only
ŧ     MSK = damage to tissue(s) of the musculoskeletal system i.e., bone, cartilage, muscle, tendon, fascia, joint, ligament, bursa, synovium
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Leading Reasons for Temporary Profiles 
U.S. Army Active Duty, 2021

Temporary Profile 
 Condition Types

Active Duty Army, January – December 2021
Men Women Total

# of days (%) # of days (%) # of days (%)

Musculoskeletal Injury 6,712,913 (60.4) 2,019,857 (41.7) 8,732,785 (54.7)

Behavioral Health 1,354,527 (12.2) 441,701 (9.1) 1,796,228 (11.3)

Pregnancy - - 1,511,449 (31.2) 1,511,938 (9.5)

Post-COVID-19 746,904 (6.7) 146,508 (3.0) 893,412 (5.6)

Neurology/Neurosurgery 268,050 (2.4) 78,027 (1.6) 346,077 (2.2)

All Other 2,036,437 (18.3) 645,496 (13.3) 2,681,547 (16.8)

TOTAL 11,118,831 (100.0) 4,843,038 15,961,987 

Presenter Notes
Presentation Notes
Produced by DCPH-A, Injury Prevention Branch, Website: https://ph.health.mil/topics/discond/ptsaip/Pages/default.aspx Email: dha.apg.pub-health-a.mbx.injuryprevention@health.mil 

NOTES: 2021 was the third full year of eProfile availability to DCPH-A. Profiles are entered into the system by medical providers. It is an administrative data system designed primarily for communication between providers and commanders. 
Slide contains data from JAN–DEC 2021. Counts of LDDs rebounded to approximately pre-pandemic (2019) levels.
Over half of assigned LDDs were due to MSK injury. MSK injury LDDs were down 21.5% from 2019 (over 9mil MSK injury LDDs).
Total (all System Conditions) of nearly 16,000,000 LDDs in 1-year period.  Up 17% from 2020.
Profiles for Post-COVID Retesting moved into the leading 5.
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Causes of Injury Temporary Profiles & Limited Duty Days
U.S. Army Active Duty, 2021

Injury Cause Men Women All
LDD % LDD % LDD %

Running 1,331,360 (19.3) 471,664 (22.5) 1,803,024 (20.0)
MOS work tasks: 704,839 (10.2) 182,072 (8.7) 886,911 (9.9)

- Lifting 240,001 (3.5) 61,789 (3.0) 301,790 (3.4)
- Mechanical/repair 60,776 (0.9) 8,165 (0.4) 68,941 (0.8)
- Pushing or pulling objects 28,363 (0.4) 6,795 (0.3) 35,158 (0.4)
- Work tasks, other 375,699 (5.4) 105,323 (5.0) 481,022 (5.3)

Gradual/ Insidious onset 556,094 (8.1) 215,914 (10.3) 772,008 (8.6)
Fall/ slip/ trip 495,165 (7.2) 124,103 (5.9) 619,268 (6.9)
Strength training 421,734 (6.1) 114,159 (5.5) 535,893 (6.0)
Road Marching/Load Carriage 397,825 (5.8) 135,161 (6.5) 532,986 (5.9)
Sports, individual or team 321,798 (4.7) 46,039 (2.2) 367,837 (4.1)
Physical Training, other 197,481 (2.9) 68,785 (3.3) 266,266 (3.0)
Motor Vehicle/Motorcycle Accident 166,372 (2.4) 41,931 (2.0) 208,303 (2.3)
Fast Rope, Parachute 160,349 (2.3) 20,836 (1.0) 181,185 (2.0)
ACFT Event, record or diagnostic 53,112 (0.8) 22,850 (1.1) 75,962 (0.8)
Combatives/Martial Arts/Fighting 45,118 (0.7) 3,554 (0.2) 48,672 (0.5)
Battle Injury 15,895 (0.2) 886 (0.0) 16,781 (0.2)
Environmental, heat or cold 2,011 (0.0) 298 (0.0) 2,309 (0.0)
Total, excluding Unknown 4,869,153 (70.5) 1,448,252 (69.2) 6,317,405 (70.2)

Presenter Notes
Presentation Notes
Produced by DCPH-A, Injury Prevention Branch, Website: https://ph.health.mil/topics/discond/ptsaip/Pages/default.aspx Email: dha.apg.pub-health-a.mbx.injuryprevention@health.mil 

NOTES: Electronic profile data also provide leading activities related to MSK injury profiles, as recorded by providers. In CY2021, the Top 5 activities associated with injuries that received a profile were Running (20.0%), MOS-related work tasks (9.9%), Gradual/Insidious onset (8.6%), Fall/slip/trips (6.9), and Road marching/Load carriage (5.9%). 
Additional details:
Shows LDDs on profiles by causes and sex 
Temporary profiles occurring between 01 January and 31 December 2021 
Ordered by frequency of injury causes 
MOS Work tasks category includes: Lifting; Pushing or pulling objects; Mechanical / repair; and Work tasks, other 
Physical training, other does not include running or strength training 
Injury cause categories have been updated from previous years 

REPORTING BY LDDs IS A CHANGE FROM PREVIOUS YEAR WHEN PROFILE COUNTS WERE REPORTED
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Public Health Approach to Injury Prevention
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Sources: 
Jones BH, VD Hauschild, and M Canham-Chervak. 2018. J Med Sci Sport 21(112):1139–46.
Jones BH, DM Perrotta, M Canham-Chervak et al. 2000. Am J Prev Med 18(3S):71–84. 

Five Key Public Health Questions Five Steps of the Public Health Approach

1. Is there a problem, and how big is it? 1. Surveillance

2. What causes the problem? 2. Research and field investigations

3. What works to prevent the problem? 3. Intervention trials and systematic reviews

4. Who needs to know and do what? 4. Program and policy implementation

5. How effective is what we have done? 5. Program evaluations and monitoring

Presenter Notes
Presentation Notes
The way that we frame our work is using the Five…Questions; answered using the Five…Questions seen to the left; using the tools/techniques named to the right. 
A systematic approach is needed to address this large, complex problem.
I’ll be providing a brief overview of data from all steps of this process; summarizing what we’ve learned, including our most recent findings.

Systematic reviews are used to identify evidence-based prevention strategies that can be used to prevent the problem.

The Public Health Approach mirrors the Risk Management Approach, the steps of which are very similar.
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What causes the problem?
Lessons Learned from Surveillance Data, Surveys, and 

Epidemiologic Investigations

Presenter Notes
Presentation Notes
When we need more detail, we often look to further analyses of surveillance data, surveys, field investigations, and research.

PHOTOS, all cleared for public release (left-right):

1) Photo by Petty Officer 1st Class Shawn Graham https://www.flickr.com/photos/35703177@N00/2645402511/
2) Photo by Sgt. Cody Barber, 11th Public Affairs Detachment https://www.flickr.com/photos/35703177@N00/14784992679/
3) Photo by Cherish Washington, AMC Public Affairs https://www.flickr.com/photos/soldiersmediacenter/8071335996/in/photostream/
____________________________________________
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Self-Reported, Injury-Related Limited Duty (Temporary 
Profiles) by Activity, U.S. Army Infantry Units

13

Activity associated with injury

Total injuries

n (%  injuries, 
n=874)

Medical visit with  
temporary profile

n (% total profiled,
n=529)

Total limited 
duty days

n (% total days, 
n=19,628)

Avg limited 
duty days

n (SD)*

Running 275 (31.5) 163 (30.8) 5,844 (29.8) 38 (38)
Lifting or moving heavy objects 109 (12.5) 67 (12.7) 1,992 (10.1) 34 (35)
Walking, hiking, or road marching 98 (11.2) 58 (11.0) 2,112 (10.8) 40 (43)
Sports and recreation 85 (9.7) 45 (8.5) 1,637 (8.3) 42 (35)
Physical training, not running 71 (8.1) 41 (7.8) 1,411 (7.2) 35 (40)
Military tasks and training 42 (4.8) 34 (6.4) 1,423 (7.2) 43 (47)
Stepping or climbing (stairs, ladder) 39 (4.5) 31 (5.9) 1,153 (5.9) 37 (27)
Repairing or maintaining equipment or vehicles 24 (2.7) 17 (3.2) 674 (3.4) 40 (47)
Riding or driving in or on a motorized vehicle 19 (2.2) 16 (3.0) 637 (3.2) 42 (36)
Other 63 (7.2) 40 (7.6) 1,988 (10.1) 51 (51)
Unspecified 49 (5.6) 17 (3.2) 759 (3.9) n/a

* Standard deviationInfantry Soldier surveys (n=5,102) 
Source: Canham-Chervak M et al. 2018. US Army Med Dept J Jul-Dec(2-18):6–13.

Presenter Notes
Presentation Notes
Surveys from our field investigations have provided insight on activities associated with injury. 
Here: Survey data from over 5000 Soldiers in an infantry unit. 
Similar to what was seen with the eProfile data, the activity resulting in the most limited duty days was running (30%), followed by lifting, road marching, sports, and physical training not running. 
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Self-Reported Leading Activities Associated with Injury 
Survey of Active Duty Service Members

14

Sports, Exercise, or 
Recreational Activity 

Army Navy Marine Corps Air Force Total
n=125,684 n=57,502 n=51,745 n=63,390 n=298,320
Percent Percent Percent Percent Percent

Running or jogging 
(outdoors) 50.3 33.2 50.6 41.3 45.1

Weight training 6.4 8.9 6.6 9.6 7.6

Basketball 7.3 10.1 3.5 8.6 7.5

Touch or flag football 4.8 6.0 4.4 5.6 5.1

Martial arts 4.5 3.0 9.1 1.1 4.3

Softball or baseball 1.5 6.3 1.3 5.9 3.3

Soccer 2.0 3.6 5.4 3.6 3.2

Other 23.2 28.9 19.2 24.4 23.9

Source: Hauret KG et al. 2015. “A Survey of Military Servicemembers.” Am J Sports Med 43(11):2645-53.

Presenter Notes
Presentation Notes
Status of Forces Survey in which members of All Services were asked to participate. 
In this survey, 25% of all Service members reported a Sports, Exercise, and Recreational Activity Injury. 
Across all Services, among the Sports, Exercise, and Rec Activity injuries, 
RUNNING accounted for the greatest percent (45.1% of such injuries are due to running).  The next highest % of injuries is 7.6% for weight training.
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Factors Affecting Risks of Training-Related Injury

• Amount of past physical activity

• Amount of current physical activity

• Type of current activity

• Levels of physical fitness

• Demographics/effect modifiers 
(age, gender)

15

Presenter Notes
Presentation Notes
As we’ve seen from our data, physical training-related injuries are a leading reason for Service Member injury, so we’re going to step through what we know about the causes and risk factors associated with Training-related injury, starting with amount of past physical activity. 

PHOTOS, all cleared for public release (top-bottom): 
1) DVIDS image 2872966, Photo by Spc. Lisa Crawford
2) DVIDS image 6380780, U.S. Air Force photo by Todd Maki
____________________________________________
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Days Run per Week in the Month Before Initial Entry 
Training* and Injury Risk in Male Army Trainees
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* Initial Entry Training (IET), 12 Weeks, Fort Benning, GA, 1987
  n=289 Trainees (0–1 days=108; 1–3 days=149; >4 days=45)
  RR0-1 days/>4 day =2.2, 95% CI: 1.2-4.1 Source: Jones BH. 1993. MSSE 25(2):197–203

Presenter Notes
Presentation Notes
Much of the work in Army injury prevention has been in IET. Controlled environment, similar exposures among all, so it’s a great place to study variations in injury risk and risk factors.

Here: Amount of physical activity reported before IET. 
Was seen early on that Soldiers who reported less physical activity (<1 day) prior to initial entry training had twice the risk of those who reported being physically active on 4 or more days. 
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Factors Affecting Risks of Training-Related Injury
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• Amount of past physical activity

• Amount of current physical activity

• Type of current activity

• Levels of physical fitness

• Demographics/effect modifiers 
(age, gender)

Presenter Notes
Presentation Notes
Another factor associated with training-related injury risk is amount of current physical activity. 

PHOTOS, all cleared for public release (top-bottom): 
1) DVIDS image 1884180, U.S. Army photo by Visual Information Specialist Jason Johnston
2) DVIDS image 462752, Photo by Sgt. Justin A. Naylor
____________________________________________
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Injuries per Year by Miles Run per Week, 
Civilian Runners
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Race registrants N=1,423 (Men=693, Women=730)
0–9 miles vs 50+ miles: Men RR=3.3 (p<0.001); Women RR=1.8 (p<0.05) 
10–19 miles vs 50+ miles: Men RR=2.3 (p<0.001); Women RR=1.8 (p<0.05)

Source: 
Koplan JP, KE Powell, and RK Sikes. 1982. JAMA 248:3118
Jones BH et al. 1994. Sports Med 18(3):202–14

Presenter Notes
Presentation Notes
First, a reminder of a foundational study of civilian runners that looked at injury risk for men (gray) and women (red) and miles run per week, from 0–9 to 50+.
Among Men: Those running 50+ miles/week had 3X risk of injury compared to those running 0–9 miles/week. 
Women: Those running 50+ miles/week has 2X greater risk of injury compared to those running 0–9 miles/week.

These data indicated that the more exposure you have to an activity, the greater your injury risk. Appeared to be linear relationship to this risk. 

---alternative---
Men: Those running 50+ miles/week had 2 to 3X risk of injury compared to those running 0–9 or 10–20 miles/week. 
Women: Those running 50+ miles/week has 2X greater risk of injury compared to those running 0–9 or 10–20 miles/week.
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Footsteps and Injury Risk for Female and Male Trainees 
During Basic Combat Training

19
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Source: Knapik J et al. 2011. JPAH 8:496–502.

Average footsteps per day: Lower=14,772 ± 400; Moderate=16,346 ± 768; Higher=17,948 ± 550
Men (n=1,174) Hazard ratios: High vs Low 1.94 (p<0.01), Moderate vs Low 1.52 (p<0.01)
Women (n=898) Hazard ratios (adjusted for initial push-up, sit-up, and 2-mile run differences): 
High vs Low 1.43 (p<0.01), Moderate vs Low 1.30 (p<0.05)

Presenter Notes
Presentation Notes
See this in data specific to U.S. Army Soldiers as well. 
Here: Footsteps during basic training as captured by pedometers worn by trainees representing 10 different companies. Categorized trainees by activity level. Lower-activity group was obtaining, on average, 14,700 steps per day (or 7.5 miles); the higher-activity group was obtaining approximately 18,000 steps per day (or 9 miles). 
Data by men (gray) and women (red). Women in the higher-activity group (14.9% injury incidence) had a 1.4 times greater risk of injury compared to women in the lower-activity group (with 9.6% injury incidence during BCT). Men in the higher-activity group had approximately TWICE the risk of injury (injury incidence of 7.2%) compared to men in the lower-activity group (incidence of 3.6%). 
Again, more activity resulted in greater injury risk. 
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High and Low Running Mileage, Lower Extremity Injury Rates, 
and Run Time in Infantry Initial Entry Training

20

Mileage Injury 
Incidence 

2-Mile Run
Time*

Low 
(n=146) 32.5% 13:29

High
(n=157) 41.8% 13:45

* Final Army Physical Fitness Test (APFT) average run times
 RR, high vs. low=1.3 (95% CI: 1.0-1.8)
 Low mileage=56 miles/12 weeks; High mileage=130 miles/12 weeks Source: Jones BH et al. 1994. Sports Med 18(3):202–14

Presenter Notes
Presentation Notes
Some additional evidence of the role of amount of activity with injury risk – again in Army IET (infantry).
 
This slide shows data comparing a low-mileage unit (56 miles/12 weeks) with a high-mileage unit (130 mi/12 weeks).  
�What was seen was that the high-mileage unit (the bottom row) had an incidence of injury of almost 42% compared to the low-mileage unit (the top row) with an incidence of about 33%.  

The incidence of injury for the high-mileage unit was 30% higher, and they ran slower on the physical training test (13 minutes 45 seconds vs. 13:29).

Lesson: There are thresholds above which injury risk increases, and fitness benefits are not obtained.
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Injury Rate Associated with Road Marching Mileage, 
U.S. Army Infantry Brigade
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n=736
Low Mileage: ≤19 miles per month
Moderate Mileage: 20-32 miles per month
High Mileage: ≥33 miles per month
* Injuries associated with road marching only

Source: Schuh A  et.al. 2017. “Risk factors for injury associated 
with low, moderate, and high mileage road marching in a U.S. Army 
infantry brigade.” J Sci Med Sport 20(Suppl 4):S28–33.

Road March Distance
Injuries* per 

10,000 person-
days

Relative risk of 
Injury resulting in 

limited duty

Low Mileage 5 1.0

Moderate Mileage 5 1.0

High Mileage 7 1.4

Presenter Notes
Presentation Notes
We’ve also looked at a common soldiering task: road marching. 
Here you see road marching distance, as reported by Soldiers in an infantry brigade, split into 3 groups: 
Those that reported low mileage (≤19 miles/month); moderate mileage (20–32 miles/month); high mileage (≥33 miles/month)

Road marching-related injury rate per person-days in training was highest in the high-mileage group (7 injuries per 10,000 person-days).

Soldiers in the high-mileage group had a 40% greater injury risk compared to the low- and moderate-mileage groups.  
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Risk of Weight Training Injury by Frequency of Weight 
Training among U.S. Army Male Infantry Soldiers
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Source: Grier T, R Brooks, Z Solomon, and BH Jones. 2022. “Injury Risk 
Factors Associated with Weight Training.” J Strength Cond Res 
36(2):e24–30.

Linear Trend p<0.01; *statistically significant difference compared to ≥166 (2.75 hr) group
RR (<15 vs. ≥166)=2.5 (95%CI: 0.9, 6.9)
RR (15–59 vs. ≥166)=2.4 (95%CI: 1.5, 3.8)
RR (60–166 vs. ≥166)=1.7 (95%CI: 1.2, 2.5)
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Presenter Notes
Presentation Notes
Looking at another activity, weight training:
In a population of over 2500 infantry Soldiers, the relationship between time spent weight training and risk of injury was assessed. Weight training is more common now with training for the Army Combat Fitness Test. 

Here: Minutes/week of weight training (<15min to >166min, or 2.5 hours) by the proportion of weight training-related injury. Significant trend of increasing injury incidence with increasing time spent weight training. 
Among Soldiers that reported <15 mins/week of weight training, only 3% sustained a weight training injury, while those reporting >166 minutes had a 2.4X greater risk of injury (7.5%).  

As the amount of time spent weight training per week increased, so did the risk of incurring a weight training-related injury. 
Data show a common thread: With all of the common Soldier physical training activities (footsteps, road marching, weight training), we see the same effect— higher injury risk with more activity.

[0–14 minutes (Average Time in minutes) = 6.9 ± 4.5 (n=135); 15–59 Min (Average Time in minutes) = 33.1 ± 11.7 min (n=732); 60–165 Min (Average Time in minutes) = 96.2 ± 30.6 (n=975); ≥ 166 Min (Average Time in minutes) = 298.1 ± 123.6 (n=837)]
*To be considered, Soldiers must have performed 15 minutes of unit resistance training, or 15 minutes of personal resistance training, or both. Those in the 0–14 min category performed at least 15 minutes of unit resistance training.
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Factors Affecting Risks of Training-Related Injury
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• Amount of past physical activity

• Amount of current physical activity

• Type of current activity

• Levels of physical fitness

• Demographics/effect modifiers 
(age, gender)

Presenter Notes
Presentation Notes
Let’s continue to look at specific types training activities. 

PHOTOS, all cleared for public release (top-bottom): 
1) DVIDS image 6358452, Photo by 1st Lt. Stephanie Snyder
2) DVIDS image 1830037, Photo by Staff Sgt. Nathan Rivard
____________________________________________
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Risks of Injury per Miles of Exposure for Military Activities in 
an Infantry Brigade

24

Military Training 
Activity

Rate of injury 
per 10,000 miles

Relative risk of 
injury (95% CI)

Running 3.3 1.00
Road Marching 5.9 1.81 (1.38–2.37)

n=831

Source: Schuh-Renner A et al. 2017. “Risk factors for injury associated with low, moderate, and high mileage marching in a US Army infantry brigade.” J Sci Med Sport 
Suppl 4:28–33.

Presenter Notes
Presentation Notes
Here: Data on male infantry Soldiers who were surveyed with regard to injuries in the last 6m. 113 reported a running-related injury; 96 reported a road marching-related injury. 

Also collected self-reported mileage (running and RM) in last 6m. Not shown: The total miles of reported running (347,537) was nearly double the total miles of reported road marching (163,392). 

Considering the EXPOSURE, or mileage, and calculating rates per 10,000 miles, the rate of road marching-related injuries was 1.8X greater than that of running-related injuries.

Even though soldiers perform fewer miles of RM in general, they are at higher risk per mile during that activity. Some activities are more hazardous per unit of exposure.

It is not advisable that sustained endurance running be directly replaced with road marching. 

(Other rec: Recommendations suggest a 10%increase in speed, distance, and weight, increasing distance andweight on alternating days, tailoring maximum road marchingdistances to unit needs, and gradually progressing these variablesover 2–6 months, considering other unit activities and soldierfitness levels. 
Training programs should be balanced with a variety of mus-cular strength and resistance training, aerobic training, agilityand mobility drills, and balance exercises, along with sufficientrecovery periodization and progressive loading to promote per-formance and prevent cumulative overload.
Ideally, attempts should be made to reduce the amount of weightcarried to no more than 25% of one’s body weight during train-ing to reduce road marching-related injuries, although this is notalways operationally feasible.)
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Unadjusted Rates of Injury per Training Hours for Military 
Activities in Initial Entry Training, 2010–2011

25

Military Training 
Activity

Rate 
per 1,000 person-hours Relative Rate

Physical Training 2.2 1.0

Road Marching 10.5 4.8

Obstacle Course 16.5 7.5

n=5,894 (Men=3,481, Women=2,413)

Source: Knapik J et.al. 2013. “Activities Associated With Injuries in 
Initial Entry Training.” Mil Med 178(5):500–6.

Presenter Notes
Presentation Notes
Here, the risk of injury during three types of activities conducted during Army initial entry training is considered: routine physical training (such as that conducted each morning), road marching, and obstacle course time.

When considering amount of time (exposure) to each training type, the risk per 1,000 person-hours for physical training was 2.2 injuries per 1,000 person-hours compared to 10.5 for road marching and 16.5 for the obstacle course. 

Relative rates of injury were 5X greater for road marching compared to physical training and 7.5X greater for the obstacle course.

Type of activity matters when determining injury risk. And exposure time matters when determining risk. 
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Factors Affecting Risks of Training-Related Injury
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• Amount of past physical activity

• Amount of current physical activity

• Type of current activity

• Levels of physical fitness

• Demographics/effect modifiers 
(age, gender)

Presenter Notes
Presentation Notes
PHOTOS, all cleared for public release (top-bottom): 
1) DVIDS image 769353, Photo by Spc. Terrance Payton
2) DVIDS image 4564381, Photo by Sgt. Raquel Birk
____________________________________________

Next, we look at physical fitness as a risk factor for Army injuries.
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Aerobic Endurance 2-Mile Run Times and Injury Risk 
for Men and Women in Basic Combat Training
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2-Mile Run Quintiles

Men
Women

Slow

Runtime Men Women

Q1 (Fastest) <13.5 <16.2
Q2 13.5–14.2 16.2–17.3
Q3 14.3–15.0 17.4–18.1
Q4 15.1–15.8 18.2–19.0
Q5 (Slowest) >15.8 >19.0

Fast

n = 184,598 (Men=143,159, Women=41,439) 
Men: RR Q1 vs. Q5=2.5 (p<0.001)
Women: RR Q1 vs. Q5=2.1 (p<0.001) Source: Jones BH, et.al. 2017. JSAMS 20(Suppl 2):S14–22.

Presenter Notes
Presentation Notes
What you see here, in this population of >180,000 Trainees. Orient you to slide: Risks of injuries among men and women in BCT on the vertical axis, and run time quintiles (20%) increments from fast on the left to slow on the right. 

The chart shows a clear higher risk of injury with slower run times for both men and women.

Data are from the U.S. Army Training Injury and Fitness Database.
N(men)=136,797
N(women)=34,931
Time Period: FY10-13
Cohort: All recruits in Basic Training from FY10-13 who had a complete 3 event initial fitness test score and complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)
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Body Mass Index (BMI) and Injury Risk 
for Men and Women in BCT
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Body Mass Index (BMI) 
Quintiles

Men
Women

BMI Men Women

Q1 (Lowest) <21.7 <20.7
Q2 21.7–23.8 20.7–22.6
Q3 23.9–25.9 22.7–24.2
Q4 26.0–28.3 24.3–25.6
Q5 (Highest) >28.3 >25.6

Low High

n=184,598 (Men=143,159, Women=41,439) 
RR, Q1 vs Q5: Men (1.1, p<0.001), Women (1.0, p=0.36)
RR, Q1 vs Q3: Men (1.1, p<0.001), Women (1.1, p<0.05)
RR, Q5 vs Q3: Men (1.3, p<0.001), Women (1.1, p<0.05) Source: Jones BH et.al. 2017. JSAMS 20(Suppl 2):S14–22.

Presenter Notes
Presentation Notes
Looking at BMI alone. 
This slide depicts the risks of injury on the vertical axis, and quintiles (20% increments) of Body Mass Index (BMI), a surrogate for body fat, on the horizontal axis. 

Risks are slightly higher at the low and high extremes of BMI. 


Data are from the U.S. Army Training Injury and Fitness Database.
Time Period: FY10–13
N(men)=143,159
N(women)= 41,439
Cohort: All recruits in Basic Training from FY10–13 who had a complete 3-event initial fitness test score and a complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)
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Injury Incidence by 2-Mile Run Time and Body Mass Index, 
Women
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Presenter Notes
Presentation Notes
Consider all three data points (aerobic performance, BMI, injury risk). N(women)=34,931, FY10-13
What we see in this graph is Injury risk (%) for the 35,000 female trainees on the vertical axis vs run-time from the fastest quintile of run-times on the R to the slowest on the R; the X Axis stratified on BMI with the lowest quintile on the Z axis at the back, and the highest BMI quintile at the front. 

What is notable in this chart is that the highest risk group (68%) is the back right (the leanest, least aerobically fit women), and the lowest risk (40%) is the fastest women with the highest BMI. 
Across all levels of aerobic fitness (as shown by RT), the women in the highest or second highest BMI groups (Q4, Q5) are at lowest risk of injury. 

Risk increases with decreases in fitness; we do not see that trend with BMI, where women with the highest and lowest BMI had higher injury risks.


Greatest risk among leanest, slowest women.
Cohort: All recruits in Basic Training from FY10-13 who had a complete 3 event initial fitness test score and complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)
The next graph shows something a little counter intuitive.
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Injury Incidence by 2-Mile Run Time and Body Mass Index, 
Men
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Source: Jones BH et.al. 2017. 
JSAMS 20(Suppl 2):S14–22.

Presenter Notes
Presentation Notes
IET data (136,797 men), FY10–13
Shows injury risk stratified on 2-mile run time quintiles and quintiles of BMI; as for men, the results are similar to women, with the exception that we see the highest risk at extremes (leanest and most overweight men). 

The highest risk of training-related MSK injury occurred in male and female Army trainees who had both the lowest levels of aerobic fitness (slowest run times) and the lowest BMI (men < 21.7; women ≤ 20.7). 



Those with highest BMI and slowest run times are at greatest risk of injury.
Data are from the U.S. Army Training Injury and Fitness Database.
Cohort: All recruits in Basic Training from FY10–13 who had a complete 3-event initial fitness test score and a complete height and weight record
Injury: At least one medical encounter during basic training which resulted in an ICD-9 code defined by the Comprehensive Injury Index (CII)
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Flexibility (Sit and Reach) and Injury Risk,
Males, Infantry Basic Training
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Presenter Notes
Presentation Notes
We’ve also looked at another measure of fitness in Army populations: flexibility (as measured by Sit and Reach test). 
The association of flexibility, like BMI, shows this “U” shaped curve, with both the most flexible on the left and the least flexible on the right being at greater risk of injury than those of “average” flexibility in the middle.

Other confirmation of bimodal association of flexibility with PA injury risk:
Jones BH et al. 1993. Am J Sports Med 21(5):705–10
Knapik JJ et al. 1992. Sports Med 14: 277–88.
Knapik JJ et al. 2001. MSSE 33(6): 946–954.
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Factors Affecting Risks of Training-Related Injury
32

• Amount of past physical activity

• Amount of current physical activity

• Type of current activity

• Levels of physical fitness

• Demographics/effect modifiers 
(age, gender)

Presenter Notes
Presentation Notes
PHOTOS, all cleared for public release (top-bottom): 
1) DVIDS image 4535285, Photo by Andrea Salgado Rivera�2) DVIDS image 30134, Photo by Staff Sgt. Bryanna Poulin
____________________________________________

Demographics are something we always consider…
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Age and Injury Risk

• Studies showing older age associated with higher risk of injury
 Brudvig TJ et al. 1983. Mil Med 148(8):666–67.
 Gardner LI et al. 1988. AJPH 78(12):1563–67.
 Jones BH et al. 1993. MSSE 25(2):197–203.
 Knapik JJ et al. 2006. Mil Med 171(1):45–54.
 Knapik JJ et al. 2001. MSSE 33(6):946–54.
 McKean KA et al. 2006. Clin J Sport Med 16(2):149–54.
 Shaffer RA et al. 1999. AJE 149:136–42.
 Taunton JE et al. 2003. BJ Sports Med 37(3):239–44.

• Studies showing older age associated with lower risk of injury
 Carlson SA et al. 2006. Ann Epi 16:712–19.
 Colbert LH et al. 2000. Clin J Sport Med 10(4):259–63.
 Hootman JM et al. 2002. Clin J Sport Med 12(2):99–106.
 Knapik JJ et al. 1993. JOM 35:598–603.

33

Presenter Notes
Presentation Notes
Mixed results with regard to age.
Some studies showed that older individuals experienced higher physical activity injury rates; six were military studies. Others showed that older age was associated with lower injury risks; three were civilian.

CIV: Age a measure of experience and different job duties (managerial), so see lower risk among older workers because of different exposures. Important to control for age, but also look at other factors. 
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Sex and Injury Risk during Army Basic Training
34

Study Year Women (%) Men (%) RR*

Kowal 1980 54 26 2.1

Bensel 1982 41 21 2.0

Jones 1984 50 28 1.8

Bell 1988 62 29 2.1

Canham 1995 64 42 1.6

Knapik 2000 47 17 2.8

Knapik 2003 48 28 1.7
*Relative Risk

5. Canham ML et al. 1998. In: Advances in Occupational Ergonomics and Safety, Vol. 2. ed. S. Kumar.  
Amsterdam, Netherlands: IOS Press. 

6. Knapik JJ et al. 2003. Int J Sports Med 24(5):372–81.
7. U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM). 2003. Army Technical 

Report prepared by JJ Knapik, Aberdeen Proving Ground, MD.

1. Kowal D. 1980. Am J Sports Med; 8(4):265–69.
2. Bensel C. 1982. Army Technical Report, Natick, MA.
3. Jones BH et al. 1992. National Academies Press.
4. Bell N et al. 2000. Am J Prev Med 18(Suppl 3):141–46.

Presenter Notes
Presentation Notes
Considering sex. If you look at the far right column, you can see that in each of these studies of male and female trainees performing the same activities in Army basic combat training, the relative risk of injury for women compared to men varied from 1.6 to 2.8 times higher.

However, it is well known that female Army trainees on average are significantly less physically fit than male trainees.  When controlled for fitness, the effect of sex is lessened. Fitness is a greater predictor of injury risk in Army populations.
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Incidence of Injury, Women and Men in Operational Units
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Study Year Women (%) Men (%) RR*

Fort Campbell 2016 42 35 1.2

Fort Stewart 2014–15 -- 37 n/a

Fort Carson 2011–12 29 30 1.0

Chemical Brigade 2013–14 77 66 1.2

Sergeants Major Academy 2013–14 -- 57 n/a

Schofield Barracks 2009–10 60 45 1.3
*Relative Risk

1. APHC. 2018. Epidemiological Investigation of the Rehabilitation Readiness Training 
Program Baseline Survey, Apr–Jul 2016.

2. APHC. 2017. Survey of Injuries and Injury Risk Factors in the 2nd 
Brigade Combat Team, 3rd Infantry Division, Nov 2014–Jan 2015.

3. APHC. 2017. Deployment Injuries and Injury Risk Factors in a Light Infantry Brigade 
Combat Team, May 2011–May 2012.

4. APHC. 2015. Injury Rates, Limited Duty Days, Medically Not Ready Days, and Injury Risk Factors 
in an Army Chemical Brigade, May 2013–Jun 2014.

5. APHC. 2016. Evaluation of Student Injuries at the Sergeants Major 
Course (SMC), Fort Bliss, Texas, Aug 2013–May 2014.

6. APHC. 2019. Injury Surveillance and Longitudinal Studies for Gender Integration in the Army: 
Third Annual Assessment, 2018.

7. APHC. 2012. Evaluation of the Advanced Tactical Athlete Conditioning Programs in the 25th 
Infantry Division, Schofield Barracks, Hawaii.

Presenter Notes
Presentation Notes
Here we see results of injury investigations in operational units, which show a more similar risk (1.2 times greater risk among women) of injury among men and women in these units.
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Gender-Integrated Occupations: Musculoskeletal Injury Rates
Enlisted and Officers, Army Active Component, CY 2021 
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Enlisted MOS
Functional Categorya

Women Men Injury Rate Ratio
(W/M)cPerson-yrs. Injury Rateb Person-yrs. Injury Rateb

Operations 5,011 2,071 134,657 1,272 1.63 (1.60‒1.66)*
Operations Support 14,389 1,951 75,868 1,352 1.44 (1.42‒1.46)*
Force Sustainment 37,106 2,062 112,788 1,539 1.34 (1.33‒1.35)*
Overall 56,506 2,034 323,313 1,384 1.47 (1.46‒1.48)*

Source: Defense Medical Surveillance System, 2022; prepared by DCPH-A Injury Prevention Branch
Abbreviations: MOS = military occupational specialty; AOC = area of concentration; yrs. = years
a Functional Categories (as defined by Human Resource Command)
b Injury Rate: Number of MSK injuries per 1,000 Soldiers per year
c Injury rate ratio (W/M): injury rate among women / injury rate among men
* Rate Ratio (W:M) is statistically significant (p<0.05) for the functional category

Officer AOC
Functional Categorya

Women Men Injury Rate Ratio
(W/M)cPerson-yrs. Injury Rateb Person-yrs. Injury Rateb

Health Services 5,702 1,403 9,084 1,141 1.23 (1.19‒1.27)*
Army Special Operations 128 2,382 2,446 1,970 1.21 (1.08‒1.36)*
Operations 3,220 1,306 26,090 1,094 1.19 (1.16‒1.23)*
Operations Support 1,949 1,699 9,857 1,497 1.13 (1.09‒1.18)*
Force Sustainment 4,162 1,630 12,980 1,432 1.14 (1.11‒1.17)*
Overall 15,162 1,424 60,457 1,275 1.17 (1.15‒1.19)*

Presenter Notes
Presentation Notes
Historically, in initial entry training, women have 2x higher injury rates compared to men, and in operational units, women have 1.4x higher injury rates compared to men. 
In 2021, in gender-integrated brigades, women’s rates were 1.1 to 1.6x higher than rates for men.  
Women and men in integrated occupations (infantry and armor) had lower injury rates compared to all other occupations combined. 

Within Functional Categories, highest rate ratios among Operations (enlisted) and Special Operations (officer). Operations include MOSs most affected by gender integration. Force sustainment includes personnel, finance. Operations support include logistics, engineers. 

(note: updated w CY21 data, GI report p15, 17)
Among Functional Categories, highest rate ratios among Operations (enlisted) and Special Operations (officer). 

MOS Functional Categories are defined by Human Resources Command (https://www.hrc.army.mil/content/Enlisted%20Personnel%20Management%20Directorate%20(EPMD) 
Military Occupational Specialty Functional Categories defined using the HRC website (HRC 2021) 
Operations:  11, 13, 14, 15, 18, 19, 37, and 38
Operations Support:  09, 12, 17, 25, 29, 31, 35, 46, and 74
Force Sustainment:  27, 36, 42, 51, 56, 68, 79, 88, 89, 91, 92, and 94

Officers:
Rate = Number of injuries per 1,000 person-years
Area of Concentration Functional Categories are defined by Human Resources Command (https://www.hrc.army.mil/content/Officer%20Personnel%20Management%20Directorate)
Army Special Operations Forces:  18, 37, and 38; Rate ratio was not calculated due to such small number of women
Operations:  02, 11, 12, 13, 14, 15, 19, 31, and 74
Operations Support:  17, 24, 25, 26, 29, 30, 34, 35, 40, 46, 47, 48, 49, 50, 52, 53, 57, 59, and 94
Force Sustainment:  01, 27, 36, 42, 51, 56, 88, 89, 90, 91, and 92
Health Services:  05, 60, 61, 62, 63, 64, 65, 66, 67, 68, 70, 71, 72, and 73
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Injury Surveillance Quarterly Reporting, 16 Gender-Integrated 
Brigades, 2021

37

July − September 2021
Combined Total

16 Brigades
Infantry & Armor 

Occupational Specialties
All Other Occupational 

Specialties
Total M W Total M W Total M W

Assigned Strength (n) 73,235 65,617 7,618 28,638 28,192 446 44,597 37,425 7,172

Musculoskeletal 
 (MSK) Injuries

Soldiers Injured (%) 17% 17% 22% 16% 16% 16% 18% 17% 22%
Number of Injuries (n) 18,062 15,560 2,502 6,529 6,410 119 11,533 9,150 2,383
Injury Rate (injuries per 100/mo.) 8.2 7.9 10.9 7.0 7.0 9.0 9.0 8.6 11.0

Injury Type Traumatic Injuries (%) 15% 15% 10% 16% 16% 9% 14% 15% 10%
Overuse Injuries (%) 85% 85% 90% 84% 84% 91% 86% 85% 90%

Anatomic  
Location

Upper Extremity (%) 20% 21% 15% 20% 20% 21% 20% 21% 15%
Lower Extremity (%) 53% 52% 57% 53% 52% 57% 53% 52% 57%
All Other (%) 27% 27% 28% 27% 28% 22% 27% 27% 28%

Presenter Notes
Presentation Notes
In 2019, DCPH-A asked to look at quarterly at injury rates in 16 selected brigade combat teams (BCTs). These 16 were among the first BCTs to be integrated. (Started with 7 integrated, by 2021, all integrated). 
This is the first quarter since quarterly reporting started (Q2, FY 2019) in which all 16 BCTs were considered integrated. 
Might have expected infantry and armor women to have higher injury rates. Not what was seen: 11/19 women (red) had lower injury rates than women in other occupations (18% lower; p=0.04)
Lessons learned:
U.S. Army 2021 data indicate that injury risks for women relative to men are unchanged with gender integration. 
Integrated occupations saw lower injury rates for both women and men.  
In addition, saw that men in infantry and armor occupations (blue) also had significantly lower rates than men in all other occupations (18% lower; p<0.01). 
However, injury rates within occupations continued to be higher for women compared to men. Injury rates for 11/19 women and non-11/19 women were 1.3 times higher than rates for 11/19 men (p<0.01) and non-11/19 men (p<0.01), respectively. This rate difference between the genders has remained constant across reporting quarters since 2Q, FY 2019. 
-Overuse injuries accounts for approximately 85% of injuries among men and 90% of injuries among women.
-Lower extremity accounts for 52% of injuries among men, 57% among women.

OTHER NOTES. See quarterly summary  -- for both sexes, 11/19 lower than non-11/19. Non-11/19 are support staff. Brigade Combat Teams (BCT) included: Bliss (1/1 AD, 2/1 AD, 3/1 AD); Bragg (1/82, 2/82, 3/82); Campbell (1/101, 2/101, 3/101); Carson (1/4 ID, 2/4 ID, 3/4 ID); and Hood (1/1 CD, 2/1 CD, 3/1 CD, 3CR)
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Behavioral Risk Factors

Presenter Notes
Presentation Notes
PHOTOS, all cleared for public release (left-right): 
1) DVIDS image 1186667, Photo by Petty Officer 1st Class James Stenberg
2) DVIDS image 610766, Photo by Justin Connaher
3) DVIDS image 1796569, Courtesy photo by 8th Army
____________________________________________
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Cigarette Smoking and Injury in Basic Training
39
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Source: Grier T et al. 2011. “Risk factors 
for injuries in the U.S. Army Ordnance 
School.” Mil Med 176(11):1292–9.

Presenter Notes
Presentation Notes
For a long time, we’ve assessed the association of smoking with injury risk. Found a dose response relationship: Soldiers that smoked more cigarettes had higher risk of injury during basic training. 
Mechanism of effect: Smoking reduces aerobic capacity, affects wound healing (including bone restructuring). 

As cigarette smoking has been traded for vaping and e-cigarettes, we are seeing less of this effect (not the same level of smoking). 
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Tobacco Use and Physical Performance on the Army Physical 
Fitness Test

40

Source: Dinkeloo E, T Grier, R Brooks, and BH Jones. 2020. “Vaping, Smoking, and 
the Physical Fitness of Active Young Men: A Study of U.S. Army Soldiers.” Am J Prev 
Med 58(1):e31–e37.
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Presenter Notes
Presentation Notes
Electronic Nicotine Delivery System
Dual users (smoked and used electronic nicotine delivery devices) had the poorest performance results on the Army Physical Fitness Test, running 32 seconds slower on the 2-mile run, performing 5 fewer push-ups, and 4 fewer sit-ups compared to non-smokers. 
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Sleep Duration and Musculoskeletal Injury Risk
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Source: Grier T et al. 2020. Sleep 
Health 6(3):344–49.

Presenter Notes
Presentation Notes
Among Special Forces Soldiers, men and women getting ≤4 hours sleep per night had a 2.35 times greater risk of a musculoskeletal injury in past 12 months compared to those getting ≥ 8 hours sleep.  

The Sleep question related to usual sleep habits during the past month only. Injuries in the past 12 months.
Question: How many hours of actual sleep did you get at night? (This may be different than the number of hours you spend in bed.)

Adjusted Odds Ratios for SOF Soldiers (men and women):
 
≤ 4 hours sleep    2.35 (1.89–2.93)
5 hours sleep        2.06 (1.73–2.46)  
6 hours sleep        1.53 (1.30–1.79)
7 hours sleep        1.24 (1.05–1.45)
≥ 8 hours sleep    1.00 (REF) 
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Public Health Approach to Injury Prevention
42

Sources: 
Jones BH, VD Hauschild, and M Canham-Chervak. 2018. J Med Sci Sport 21(112):1139–46.
Jones BH, DM Perrotta, M Canham-Chervak et al. 2000. Am J Prev Med 18(3S):71–84. 

Five Key Public Health Questions Five Steps of the Public Health Approach

1. Is there a problem, and how big is it? 1. Surveillance

2. What causes the problem? 2. Research and field investigations

3. What works to prevent the problem? 3. Intervention trials and systematic reviews

4. Who needs to know and do what? 4. Program and policy implementation

5. How effective is what we have done? 5. Program evaluations and monitoring

Presenter Notes
Presentation Notes
So, we have a sense of risk factors. Now what do we do with this information? 
Often the hardest part…translating to interventions.
Next, have a couple of interventions that have been tested.
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Army Brigade Combat Team Injury Prevention 2003 TRADOC 
Program Implementation

• New Standardized policies and programs for physical training (PT) 
were implemented to prevent overtraining. 
 Reduced number of miles run during 9 weeks of BCT

 Conducted distance runs by ability groups (fittest ability group: 37 
miles total; least fit: 24 miles)

 Added speed drills (4 to 5 miles total)

 Balanced PT program (e.g., substitute grass drills for running)

43

Presenter Notes
Presentation Notes
Precursor to the ACFT.
Intervention in U.S. Military basic trainees structured to PREVENT OVERTRAINING  by reducing running mileage, conducting distance runs by ability groups, adding speed drills, and conducting a balanced PT program. The U.S. Army Training and Doctrine Command (TRADOC) implemented such a program, NEW STANDARDIZED PT, in 2003.  The next slide will show the results of an evaluation of that program.
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Standardized vs. Traditional Physical Training Programs,  
Male Trainees, Fort Jackson, 2003

44

Traditional PT* Standardized New 
PT*

Rate Ratio
(95% CI)

Injury Rate
(n/100)

31.3% 21.8%
1.4a

(1.1-1.7)

APFT % Passing 84.4% 88.4%
0.9b

(0.8-1.0)

% Attrition 7.0% 6.0%
1.2c

(0.7-1.6)

a p-value: Injured Traditional/Standardized<0.001
b p-value: % Pass APFT Traditional/Standardized = .05
c p-value % Attrition Traditional/Standardized = 0.48
*Traditional PT N = 656; Standardized PT N = 518; Note: Avg. final 2-mile run times: Traditional, men = 
14.9 mins; Standardized, men = 14.8; Traditional, women = 18.0; Standardized, women = 17.8 mins.

Sources: 
USACHPPM. 2004. Report No. 12-HF-
5772B-04, by Knapik JJ et al. 
Aberdeen Proving Ground, MD.

Knapik JJ et al. 2005. J. Strength Cond 
Res 19(2):246–53.

Presenter Notes
Presentation Notes
Observed two groups – unit conducting traditional PT (unchanged), unit conducting new Standardized PT. 
Assessed three outcomes of interest. 
When compared to units that did not execute the new PT program, injury rates were higher with traditional PT, AFPT pass rates were statistically the same, and attrition was statistically the same. 

New program showed lower injuries without compromising outcomes of interest – APFT pass rates, attrition. 

Six studies have demonstrated results similar to the TRADOC evaluation.
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U.S. Army Trainee Injury and Lower Extremity Overuse Injury 
Rates, 2000-2013
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Source: APHC. 2014. Health of the Force 2015. Aberdeen Proving Ground, MD.
Data source: Defense Medical Surveillance System, 2014; prepared by APHC Injury Prevention Program.

Presenter Notes
Presentation Notes
Effect over time. 
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Foot Type and Shoe Type
46

Presenter Notes
Presentation Notes
PHOTO: U.S. Army, APHC Photo by Tyson Grier, Previously cleared for public release
____________________________________________

Another intervention we assessed was the trend to assign running shoes based on foot morphology. 
For instance, the sports medicine and popular training literature recommends assessing foot morphology, foot type, as a basis for selecting running shoes.  

APHC (Grier, Knapik) conducted a randomized intervention trial in which scientists assessed foot type by inspection using a light box as seen here and also by measuring arch height and foot length to create an arch height index and then following trainees who were prescribed shoes based on foot type versus controls who all got a neutral or stability shoe.
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Foot Type and Shoe Type
47
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Presenter Notes
Presentation Notes
For the experimental group: A motion control shoe was prescribed for trainees with flat feet (left); for those with normal feet (in the middle), a stability shoe was prescribed, and for those with high arches (on the right), a cushioned shoe was prescribed as the literature and advertising recommend.
Controls got a neutral or stability shoe.
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Sources:
Knapik J et al. 2009. J Strength Condit Res 23(4):1353–62.
Knapik J et al. 2010. Am J Prev Med 38(Suppl 1):S197–211.

Army: Injuries in Control and Prescribed Group Men

HR (Prescribed/Control)=1.02, 95%CI=0.89–1.17 HR (Exp/Control)=1.09, 95%CI=0.92–1.29

Effect on Injuries of Assigning Running Shoes Based on Foot 
Arch Height

48

Presenter Notes
Presentation Notes
When the trainees with prescribed shoes were compared to those who selected their shoes on their own, there was no difference in injury risk. 
See here Army and Air Force data, showing the same result. Also seen in Marine Corps recruits.

Lesson: NOT everything we think will work to prevent training injuries does work.  
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Self-Selected Shoe Type and Injury Risk
49

Shoe Type n % Injured Risk Ratio (95% CI) p-value

Motion Control 56 45% 1.13 (0.82–1.57) 0.47

Stability 616 44% 1.11 (0.94–1.32) 0.22

Cushioning 1,052 41% 1.03 (0.87–1.22) 0.72

Minimalist 264 39% 1.00 (--------------)  

Sources: 
Grier T et al. 2016. “Minimalist Running Shoes and Injury Risk Among U.S. Army 
Soldiers.” Am J Sports Med 44(6):1439–46.
4th ID, Fort Carson; visible shoe inspection and DMSS medical encounters

Presenter Notes
Presentation Notes
Look at the effect of wearing minimalist running shoes. Minimalist running shoes were a fad for a while. 
While working with the 4th Infantry Division (4ID), we conducted an observational study of 1,988 male infantry soldiers in the same brigade and found that there were no meaningful differences in injury risks for those wearing lightweight minimalist shoes versus shoes that were categorized as motion control, stability, or cushioning shoes.  Risk ratios for all groups were right around 1 to 1. 
No evidence or higher risk of injury from wearing these shoes. Hypothesized that fitness may have been influencing this result, since those who wore the minimalist shoes tended to be the more fit/experienced runners.
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Systematic Reviews of Other Training Injury Prevention 
Strategies
• Stretching – no or minimal evidence (Aaltonen et al. 2007; Behm et al. 2016;  Dijksma et al. 2020; 

Herbert & Gabriel 2002; Lauersen et al. 2014; Leppanen et al. 2014; Lewis 2014; Shrier 1999; Small 
et al. 2008; Stephenson et al. 2021; Thacker et al. 2004; Weldon & Hill 2003).
 Causal relationship between insufficient flexibility and increased injury risk is not established to 

warrant mandatory stretching. Nevertheless, alternative interventions, e.g., strength training, 
improve flexibility (Afonso et al. 2021; Alizadeh et al. 2023). More research is required.

• Footwear – inconclusive and low-quality evidence (Andersen et al. 2016; Arslan et al. 2021; Bonanno 
et al. 2017; Orr et al. 2022; Paradise et al. 2021).
 Second order effects that impact physical performance and mechanisms of injury are needed.

• Nutrition–inconclusive. Promising lines of research include vitamin D, calcium, protein intake 
potentially due to second order effects (Arslan et al. 2021; Azzolino et al. 2021; Close et al. 2019; 
Turnagol et al. 2022; Webster et al. 2023).
 It is important to distinguish injury prevention from injury recovery even though the two are 

interrelated. 

50
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Public Health Approach to Injury Prevention
51

Sources: 
Jones BH, VD Hauschild, and M Canham-Chervak. 2018. J Med Sci Sport 21(112):1139–46.
Jones BH, DM Perrotta, M Canham-Chervak et al. 2000. Am J Prev Med 18(3S):71–84. 

Five Key Public Health Questions Five Steps of the Public Health Approach

1. Is there a problem, and how big is it? 1. Surveillance

2. What causes the problem? 2. Research and field investigations

3. What works to prevent the problem? 3. Intervention trials and systematic reviews

4. Who needs to know and do what? 4. Program and policy implementation

5. How effective is what we have done? 5. Program evaluations and monitoring

Presenter Notes
Presentation Notes
Next step is to get this information to those who can use it, through program and policy implementation. 
At the PH Centers, we must partner with others (those in the field) to do this. 
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Multi-Level Prevention Efforts
52
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Presenter Notes
Presentation Notes
Proposed multi-level plan involving CR2Cs, P3, AWCs.
DCPH-A Injury Prevention:
Demonstrated biggest health problem of Army is injuries
Musculoskeletal injuries due to overuse (cumulative microtrauma) account for 69% of all injuries
Identified modifiable risk factors: Low levels of aerobic fitness, High and Low BMI / % Body Fat, Smoking, Inadequate sleep, Overtraining

AWCs, P3 target key injury risk factors: Aerobic Fitness, Body Fat, Low Physical Activity, Sleep, Smoking

CR2Cs bring data, resources to commanders.




Improving Health and Building Readiness. Anytime, Anywhere — Always

UNCLASSIFIED – Approved for public release; distribution unlimited.

Example Application of Science: 
Army Wellness Center Musculoskeletal Injury Prevention Pilot

53

Primary Indicator
2-mile Run time
≥ 15:00 minutes

Secondary Indicator

BMI  ≤ 19 kg/m2 or  ≥ 27.5 kg/m2           

AWC referral criteria – males

Primary Indicator
2-mile Run time
≥ 18:00 minutes

Secondary Indicator

BMI  ≤ 21 kg/m2 or  ≥ 27.5 kg/m2        

AWC referral criteria – females

AWC Services address modifiable MSK injury risk factors:
• Low levels of aerobic fitness
• High and low % BMI
• Tobacco use
• Inadequate sleep

Presenter Notes
Presentation Notes
Image source: DVIDS-5551661, U.S. Army Photo by Capt. Daniel Parker, cleared for public release.

Example of a recent program in which Soldiers meeting these data-driven criteria were referred to the AWC to aid in weight loss and fitness improvement. Existing data were used to establish cutpoints for men and women at which injury risk was highest. (Reference: )
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Public Health Approach to Injury Prevention
54

Sources: 
Jones BH, VD Hauschild, and M Canham-Chervak. 2018. J Med Sci Sport 21(112):1139–46.
Jones BH, DM Perrotta, M Canham-Chervak et al. 2000. Am J Prev Med 18(3S):71–84. 

Five Key Public Health Questions Five Steps of the Public Health Approach

1. Is there a problem, and how big is it? 1. Surveillance

2. What causes the problem? 2. Research and field investigations

3. What works to prevent the problem? 3. Intervention trials and systematic reviews

4. Who needs to know and do what? 4. Program and policy implementation

5. How effective is what we have done? 5. Program evaluations and monitoring

Presenter Notes
Presentation Notes
Brings us full circle. Need to know how effective are the programs and policies put in place. Doing more and more of this work. 
A couple examples of our monitoring are next. 
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Statistical Process Control Charts for Monitoring Injuries

Maintained in the Army Strategic Management System: https://www.sms.army.mil/ 

All-Army injury rates

Installation X injury rates

Presenter Notes
Presentation Notes
Examples of data available in SMS, the Community Ready and Resilient Councils’ system of record. CR2Cs can link to these data and use on their dashboards. 

Data shown through CYQ22023.

Each installation’s quarterly injury rates are compared to its own historical baseline (2016–present, excluding 2020), rather than All-Army or an arbitrary cutpoint. Comparisons to charts from Army or other installations may highlight unique challenges or successful prevention initiatives.

In this installation example, the most recent data point is in the red area (approximately 5SD from their historical average), indicating higher injury rates than usual. Several data points in a row in or near the red area highlights a need to investigate. Likewise, if rates begin to decrease over time, the installation may have successful injury prevention best practices to continue and share. 


https://www.sms.army.mil/
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Monthly Training-Related Injury Reports 
Army Initial Entry Training, November 2020 to October 2023

Presenter Notes
Presentation Notes
Metric (Monthly Injury Rate): Number of injuries during the month per 100 trainee-months (i.e., injuries per 100 trainees per month)
Training-related Injury (defined): Physical damage of the musculoskeletal (MSK) system involving the lower back, pelvis, or lower extremity (MSK system: bones, joints, muscles, tendons, etc.). These injuries are caused by (1) cumulative effects of micro-traumatic forces (overuse injury) or (2) a sudden traumatic force (traumatic injury).
Numerator: Number of injuries during the month
Denominator: Trainee-months (sum of the number of days each trainee was available to train during the month (including weekends) divided by 30
Monthly Injury Rate: (# of injuries during the month / # of trainee-months) x 100. This rate can be interpreted as the number of injuries per 100 trainees per month.
Explanation of Figures: 
Data point for each month: injury rate (y-axis) for the Branch, DCPH-A: usarmy.apg.medcom-aphc.mbx.injuryprevention@health.mil
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Summary

Injuries are a leading readiness issue.
• Over 4.9 million injury-related medical encounters annually, affecting over 600,000 Service Members
• Majority of new injuries (96%) due to mechanical energy sources; 75% due to cumulative micro-trauma or “overuse”
• In U.S. Army, result in over 8 million limited duty days
Physical activity is the leading cause of injuries for the Army.
• Greater amounts increase injury risk
• Consider type and total exposure
• Thresholds exist above which more activity increases injury risk but not fitness.
Modifiable Risk Factors
• Higher fitness levels protect against injuries during Army training.
• Subsets of the population exhibit greater but modifiable risks (e.g., lean-low fit, smokers).
Prevention
• Prevention of overtraining can reduce injury risk and improve fitness.
• Other strategies (shoe type, stretching, insoles, nutrition) do not show evidence of effect.
Next Steps
• Communication of lessons learned
• Further quantification of exposure, relationships with other health conditions, machine learning to predict risk

57
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Army Public Health Center

Questions?

Presenter Notes
Presentation Notes
IMAGE: U.S. Army, APHC Illustration by Joyce Kopatch, Cleared for Public Release
____________________________________________
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Additional Material



Improving Health and Building Readiness. Anytime, Anywhere — Always

UNCLASSIFIED – Approved for public release; distribution unlimited.

Website and Fact Sheets
60

Webpage: 
https://ph.health.mil/topics/discond/ptsaip/
Pages/default.aspx 

https://ph.health.mil/topics/discond/ptsaip/Pages/default.aspx
https://ph.health.mil/topics/discond/ptsaip/Pages/default.aspx
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Education Series
61

Webpage: https://ph.health.mil/topics/campaigns/amed2020/Pages/Army2020EducationSeries.aspx

https://ph.health.mil/topics/campaigns/amed2020/Pages/Army2020EducationSeries.aspx


Improving Health and Building Readiness. Anytime, Anywhere — Always

UNCLASSIFIED – Approved for public release; distribution unlimited.
62

Prevention of Other (Acute) Injuries: 
Parachuting, Motor Vehicle, Falls

Presenter Notes
Presentation Notes
PHOTOS, all cleared for public release (left-right): 
1) U.S. Army Reserve photo by Master Sgt. Michel Sauret https://api.army.mil/e2/c/images/2020/09/02/79a03609/original.jpg
2) U.S. Army https://api.army.mil/e2/c/images/2017/02/07/465212/original.jpg
3) U.S. Army photo by Staff Sgt. Bronco Suzuki https://www.flickr.com/photos/35703177@N00/534486956/ 
____________________________________________
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All Ankle Injuries, Parachute Ankle Brace
63
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Based on 102,784 jumps, 217 ankle injuries
Risk Ratio (No Brace/Brace)=1.92 (1.38–2.67), p<0.01
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T-10 vs. T-11 Injury Incidence at U.S. Army Airborne School 
(Daytime Jumps)
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Overall injury risk was 1.78 times higher with the T-10.

Source: Knapik J et al. 2011. “The Advanced Tactical Parachute System (T-11): injuries during basic military parachute training,” Aviat Space Environ Med 82(10):935–40.
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Risk of Fatalities in HMMWV Crashes by Seat Belt Use, 
OIF/OEF 2004–2005

65

Seat Belt Use % Fatalities

No 
(n = 49)

28.6%

Yes
(n = 88)

4.7%

Risk Ratio (RR no/yes)
(95% CI); p-value

6.1
(2.1–17.6); p < 0.001

Source: USACHPPM. 2005. EPICON Report 12-MA-03Z8-05, Risk Factors for HMMWV Accidents, prepared by Chervak M et al. Aberdeen Proving Ground, MD.

Presenter Notes
Presentation Notes
HMMWV=High Mobility Multipurpose Wheeled Vehicle (“Humvee”)
OEF=Operation Enduring Freedom
OIF=Operation Iraqi Freedom
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Risk of Fatalities in Military Vehicle Rollover Crashes by Seat 
Belt Use, OIF/OEF 2004–2005
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Seat Belt Use % Fatalities

No 
(n = 77)

29.9%

Yes
(n = 71)

9.9%

Risk Ratio (RR no/yes)
(95% CI); p-value

3.0
(1.4–6.6); p < 0.002

Source: USACHPPM. 2005. EPICON Report 12-MA-03Z8-05, Risk Factors for HMMWV Accidents, prepared by Chervak M et al. Aberdeen Proving Ground, MD.
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Reported Non-Fatal and Fatal Motorcycle Traffic Crash Rates 
among Active Duty Army Motorcyclists
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Figure 1. Trends in reported fatal* and non-fatal motorcycle traffic crash rates among Active Duty Army motorcyclists, Army safety reports, 1995–2014 
(n=2,852); denominator data from Defense Medical Surveillance System
*Fewer than 20 fatalities per year from 1995 to 2003, except 2002

Source: Rappole C, M Canham-Chervak et al. 2019. Traffic Inj Prev 20(2):174–81

2002–2014, 
p=0.18

2002–2014, 
p<0.01

Presenter Notes
Presentation Notes
Given the nature of the dataset, all crash records contained an injury (N=2,852).
Fatal N=470 (16.5%)
Non-fatal N=2,382 (83.5%)

Fatal and non-fatal crash rates did not significantly change from 1995 through 2001 (fatal rate p=0.98; non-fatal rate p=0.87)
However, as we entered major overseas operations,
2002–2014: non-fatal injuries increased by an average of 3 per 100,000 person-years each year (p<0.01).
2002–2014: fatal injuries did not significantly change in 2002–2014 (p=0.18).
Looking at data over the time period of interest, 1995 to 2017,
Non-fatal injuries (solid line) increased from 14.4 per 100,000 person-years in 1995 to 51.8 per 100,000 person-years in 2014.
Fatal injuries (dotted line) increased from 2.7 per 100,000 person-years in 1995 to 5.8 per 100,000 person-years in 2014.

Person-year (PY) denominators for rate calculations were obtained from the Armed Forces Health Surveillance Branch (AFHSB) of the Defense Health Agency.
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Risk Factors for Fatal Motorcycle Crash, Active Duty Army, 
1995–2014
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Characteristic Odds Ratio (95% CI) p-value
Motorcycle Operator Characteristics

Sex Male 1.48 (0.72-3.04) 0.28
Female 1.00

Rank
Enlisted (E1-E4) 1.14 (0.75-1.73) 0.55
Enlisted (E5-E9) 1.46 (0.98-2.18) 0.06
Officer or Warrant Officer 1.00

Alcohol Use Yes 3.14 (2.17-4.53) < 0.01
No 1.00

Helmet Use Yes 1.00
No 1.89 (1.24-2.89) < 0.01

Off Duty Yes 2.44 (1.28-4.63) < 0.01
No 1.00

Motorcycle License Yes 1.00
No 1.34 (0.94-1.91) 0.11

Hours Slept 24 Hours 
Prior to Incident

Less than 8 hr sleep 2.30 (1.80-2.92) < 0.01
8 hr or more sleep 1.00

Crash Characteristics
On an 
Army installation

Yes 1.00
No 2.18 (1.41-3.37) < 0.01

Period of day
Day 1.00
Night 1.20 (0.93-1.53) 0.16
Twilight 0.60 (0.33-1.09) 0.09

Collided w Vehicle/Object/Person Yes 2.17 (1.72-2.73) < 0.01
No 1.00

Bold text represents 
significance at 
p≤0.05. 

Source: APHC. 2017. 
Rappole C. APG, MD.

Presenter Notes
Presentation Notes
Controlling for operator and crash characteristics, operators who used alcohol had 3 times higher odds of fatality (OR 3.14, 95% CI: 2.17–4.53).
Controlling for operator and crash characteristics, operators who did not wear a helmet had 2 times higher odds of fatality (OR 1.89, 95% CI: 1.24–2.89).

Even though a small proportion of records reported our risk factors of interest, this is likely an underreport of the prevalence of these risk factors in the Active Duty Army population due to the way the safety report data are collected.

Other factors that remained independent predictors of fatality included crash occurring while off duty, getting less than 8 hours of sleep in the 24 hours prior to the crash, crash occurring off of an Army installation, and colliding with a vehicle/object/person. 
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Falls: Leading Cause of Injury Hospitalizations
Active Duty Army, 2000–2010
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Falls: Leading Cause of Air-Evacuated Non-Battle Injuries, 
Iraq and Afghanistan, 2001–2009
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n=11,759 air evacuations

Presenter Notes
Presentation Notes
Point out how falls and twists and slips (what are being included as near falls) are separated in this graph but when added together =24%, making it the leading cause of air-evacuated NBI. Sports & PT were #2 (22%). 
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Systematic Review: Prevention of Work-Related Falls 

• Ten interventions, 1970–2010

• Overall mean quality score: 6.4 out of 10 (range: 4.0–8.0)

• Types of interventions:  

 Pre-/post-occupational regulation changes (3) 

 Fall prevention education and management tools (3)

 Fall prevention physical/environmental changes (2)

 Fall prevention clinic for at-risk population (1)

 Fall prevention community intervention (1)

71

Source: Canham-Chervak M et al. 2015. “Identification of fall prevention strategies for the military: a review of the literature.” Mil Med 180(12):1225–32.

Presenter Notes
Presentation Notes
Strongest findings:
Slip, trip, fall prevention program for hospital employees (Bell et al. 2008) – 54% decrease in workers’ comp with implementation of multiple fall prevention strategies (e.g., keeping floors clean/dry, walkways clear, adequate lighting, use of slip-resistant shoes, eliminating indoor/outdoor surface irregularities)
Suggestive:
Before and after implementation of 1991 Washington State vertical fall protection standard (Nelson et al. 1997; Lipscomb et al. 2003) – enforcement (cited companies had reductions in injury claims) 
Evaluation of anti-slip devices in winter conditions among Swedish university employees (Berggard et al. 2010) - Rate of falls was lower among persons using anti-slip devices (RR=0.6, p=0.4).
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