Risk factors associated with
reinjury in the 12 months post-
neuromusculoskeletal injury
among active duty service
women, 2017-2023

Stanley T. Zimmerman, MPH, Lead Data Analyst,

The Henry M. Jackson Foundation for the Advancement of
Military Medicine, Inc. collaborating with the Center for

Advanced Research for Military Optimization, Readiness, and
Rehabilitation (ARMORR)

August 3rd, 2026

&
o
}
Uniformed Services University



Disclosure Information

The opinions and assertions expressed herein are those of the author(s)
and do not reflect the official policy or position of the Uniformed
Services University or the Department of War.

The contents of this publication are the sole responsibility of the
author(s) and do not necessarily reflect the views, opinions or policies of
The Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc. Mention of trade names, commercial products, or
organizations does not imply endorsement by the U.S. Government.

The authors have no financial interests or relationships to disclose.




Funding Acknowledgement

Funding was provided by the Military Health System Research Program,
Research & Engineering Directorate, Defense Health Agency, Award#:
HT94022310002, Pl: Dr. Kalyn Jannace

5
H
Uniformed Services University




Study Team

® Dr. Kalyn C. Jannace, PhD MPH - Principal Investigator
® AnnaC.Enge, MS
® Dr.Bhavna Singichetti, PhD MPH

5
H
Uniformed Services University




Learning Objectives

i f
12 months

Q,

Identify risk factors for Understand which Examine differences in
reinjury following NMSKIs are at highest time to recovery and
neuromusculoskeletal risk of reinjury in the 12 rehabilitation for ADSW
injury (NMSKI) among months post-injury. with and without reinjury
active duty service in the 12 months
women (ADSW). post-NMSKI.
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Neuromusculoskeletal injuries (NMSKIs)

e Degrade medical and operational readiness as
the leading cause for ambulatory encounters;
25 million limited duty days (LDDs)

e Musculoskeletal injuries (MSKIs) impact
roughly 55% of ADSW annually; ASDW had a
25%-29% higher risk of any MSKI

e Elucidating the highest risk factors for reinjury
can optimize recovery and return to duty (RTD)

e Lack of female-specific NMSKI research
surrounding reinjury
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Methods

e Study design: Retrospective cohort
e Data Source: Military Health System Data Repository (MDR)

e Population of interest: Active duty service women (ADSW) aged 18 - 64
diagnosed with incident NMSKIs, March 1, 2017 - February 28, 2022

e Analysis: Logistic regression and Kaplan Meier survival curves




Variable Definitions

Time
Outcomes
& Reinjury
Q Status

e Dependent variables: @

Incident

o Reinjury status

o Timetorecovery

o Time to outpatient
rehabilitation

Variables

e |ndependent variables:

Incident
ICD-10 NMSKI

o Health/Injury Characteristics

o Demographic Characteristics o

o Military Characteristics
Demographic

& Health
Characteristics

Injury Types
(Acute, Non-
acute, Both)

Military Characteristics
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ADSW Reinjury

Reinjury
(20.6%)

B No Reinjury
B Reinjury

No Reinjury
(79.4%)

N =154,893
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Health, Demographic, and Injury Characteristics
of ADSW with NMSKIs, by reinjury of NMSKI

Overall
(N =154,893)

No Reinjury
(n =123,040)

Reinjury
(n=31,853)

Odds Ratio
(95% CI)

Age, M (SD)

BMI Category, n (%)
Underweight (< 18.5 kg/m?)
Optimum range (18.5-24.9 kg/m?)
Overweight (>24.9-29.9 kg/m?)
Obese (> 29.9 kg/m?)

Race, n (%)
American Indian / Alaskan Native
Asian or Pacific Islander
Black
White
Other
Incident NMSKI(s), n (%)
Non-Acute Injury Only
Acute Injury Only
Acute and Non-Acute Injury
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23.5 (6.0)

2,034 (1.3)
84,750 (54.7)

54,605 (35.3)
10,893 (7.0)

1,865 (1.2)
10,243 (6.6)
39,881 (25.7)
92,588 (59.8)
6,849 (4.4)

124,146 (80.1)
24,696 (15.9)
6,051 (3.9)

23.4 (5.8)

1,694 (1.4)
67,554 (54.9)

42,897 (34.9)
8,526 (6.9)

1,512 (1.2)
8,081 (6.6)
31,027 (25.2)
73,853 (60.0)
5,609 (4.6)

96,994 (78.8)
21,267 (17.3)
4,779 (3.9)

24.0 (6.4)

340 (1.1)
17,196 (54.0)

11,708 (36.8)
2,367 (7.4)

353 (1.1)
2,162 (6.8)
8,854 (27.8)
18,735 (58.8)
1,240 (3.9)

27,152 (85.2)
3,429 (10.8)
1,272 (4.0)

1.02 (1.02-1.02)

0.76 (0.68-0.86)
0.94 (0.91-0.96)

1.07 (1.04-1.09)
1.06 (1.02-1.12)

0.89 (0.79-1.00)
1.03 (0.98-1.08)
1.13 (1.10-1.16)
0.93 (0.91-0.95)
0.84 (0.79-0.90)

1.55 (1.50-1.60)
0.58 (0.56-0.60)
1.03 (0.97-1.10)




Odds of ADSW Reinjury

Crude* Adjusted*

RACE RACE

American Indian / Alaskan Native American Indian | Alaskan Native

Asian or Pacific Islander Asian or Pacific Islander

Black | REE

White [REF] REF

Other o.54 |G Other

INCIDENT NMSKI(s)

Black 113

White [REF] REF

INCIDENT NMSKI(s)
Hon-Acute Injury Only [REF) REF

Hon-Acute Injury Only [REF] REF

Acute Injury Only 0.58 — Acute Injury COnly 0.59
Acute and Non-Acute Injury l Acute and Non-Acule Injury
0.5 1.0 1.5 0.5
Unadjusted Odds Ratio

1.0
Adjusted Odds Ratio (aOR)

* Grey bars denote insignificant results; blue boxes represent notable crude risk
findings; orange boxes highlight notable post-adjustment risk findings
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Odds of ADSW Reinjury

Crude* Adjusted*

AGE AGE
Age g 1.02 Age W 102
EMI CATEGORY BMI CATEGORY
Underweight (< 18.5 kg/m?) 0.7¢ [ Underweight (< 18.5 kgim?) o.7¢ [N
Optimum range (18.5-24.9 kg/m?) [REF] REF Optimum range (18.5-24.9 ka/m?) [REF] REF

Overweight (> 24.9-29.9 kg/m?) 1.07| Owverweight (> 24.9-29.9 kg/m?) _ 1.09
Obese (> 29.9 kg/m?) 1.06 Obese (> 29.9 ka/m?) _ 1.20

05 1.0 oe
Unadjusted Odds Ratio

1.0
Adjusted Odds Ratio (aOR)

* Grey bars denote insignificant results; blue boxes represent notable crude risk
findings; orange boxes highlight notable post-adjustment risk findings
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Military Characteristics of ADSW with NMSKIs, by Overall No Reinjury
reinjury of NM SK1 (N =154,893) (n =123,040)

Branch of Service, n (%)
Air Force
Army
Marine Corps
Navy
Military Rank, n (%)
Junior Enlisted
Junior Officer
Senior Enlisted
Senior Officer
Military Occupational Category (MOC), n (%)
Administration & Executives
Communications & Intelligence
Craftworkers & Supply
Electronic Equipment Repairers, Engineering Maintenance
Health Care
Infantry/Tactical Operations
Technical, Allied, & Professional

Occupationally Unqualified/Trainees
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39,129 (25.3)
57,676 (37.2)
14,943 (9.6)
43,145 (27.9)

115,288 (74.4)

21,840 (14.1)
13,975 (9.0)
3,788 (2.4)

24,961 (16.1)
11,580 (7.5)
20,824 (13.4)
22,640 (14.6)
20,799 (13.4)
12,351 (8.0)
3,693 (2.4)
4,577 (3.0)

31,116 (25.3)
43,912 (35.7)
11,555 (9.4)
36,457 (29.6)

91,959 (74.7)

17,146 (13.9)
11,108 (9.0)
2,825 (2.3)

19,174 (15.6)
9,136 (7.4)
16,130 (13.1)
17,974 (14.6)
16,056 (13.0)
10,082 (8.2)
2,814 (2.3)
3,957 (3.2)

Reinjury

(n = 31,853)

8,013 (25.2)
13,764 (43.2)
3,388 (10.6)
6,688 (21.0)

23,329 (73.2)
4,694 (14.7)
2,867 (9.0)
963 (3.0)

5,787 (18.2)
2,444 (7.7)
4,694 (14.7)
4,666 (14.6)
4,743 (14.9)
2,269 (7.1)
879 (2.8)
620 (1.9)

Odds Ratio
95% CI)

0.99 (0.97-1.02)
1.37 (1.34-1.41)
1.15 (1.10-1.20)
0.63 (0.61-0.65)

0.92 (0.90-0.95)
1.07 (1.03-1.11)
1.00 (0.95-1.04)
1.33 (1.23-1.43)

1.20 (1.16-1.24)
1.04 (0.99-1.09)
1.15 (1.11-1.19)
1.00 (0.97-1.04)
1.17 (1.13-1.21)
0.86 (0.82-0.90)
1.21 (1.12-1.31)
0.60 (0.55-0.65)




Odds of ADSW Reinjury

Crude* Adjusted*

MILITARY QCCUPATIONAL CATEGORY (MOC) MILITARY QCCUPATIONAL CATEGORY (MOC)
Administration & Executives [REF] REF Administration & Executives [REF] REF
Communications & Intelligence Communications & Intelligence P 1.06
Craftworkers & Supply - 1.15 Craftworkers & Supply _ 1.12
Electronic Equipment Repairers... Electronic Equipment Repairers... 1.14

[—
Health Care 117 Health Care 1.15
Infantry/Tactical Operations 0.86 r Infantry/Tactical Operations
Technical, Allied, & Professional 1.21 Technical, Allied, & Professional 1.12
Occupationally UnqualifiedTrainees 0.60 Occupationally UnqualifiedTrainees 0.75

Unadjusted Odds Ratio Adjusted Odds Ratio (aOR)

* Grey bars denote insignificant results; blue boxes represent notable crude risk
findings; orange boxes highlight notable post-adjustment risk findings
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Odds of ADSW Reinjury

Crude* Adjusted*

BRANCH OF SERVICE BRAMCH OF SERVICE

Air Force [REF] REF Air Force [REF) REF

Anmy — 137 Ay 1.20

Marine Corps _ 1.15 Marine Corps 1.32
Nawy 0.63 d Havy 0.69
MILITARY RAMK MILITARY RANK ﬂ
Junier Enlisted o.92 [N Junier Enlisted _ 117
Junior Officer Junior Officer
Senior Enlisted il 107 Senior Enlisted 1.08
Senior Olicer [REF) REF Senior Officer [REF) REF

'Unad sted Odds Ratio 1.0 1.5
W : Adjusted Odds Ratio (a0R)

* Grey bars denote insignificant results; blue boxes represent notable crude risk
findings; orange boxes highlight notable post-adjustment risk findings
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ADSW Rehabilitation Before Reinjury

> 50% 1 7.7 percentage points
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(53) KEY CLINICAL FINDING e

+ Higher rate of outpatient rehab for
women who reinjured.

» Reflects more severe initial
injuries and increased future risk.

|~/ STATISTICAL SIGNIFICANCE

Chi-squared Test of Independence
p <0.001




Time to Rehabilitation Before Recovery

Reinjury Status == Mo Reinjury == Reinjury

1.100 1
p < 0.0001

Survival Probability
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Time to Recovery

Reinjury Status == Mo Reinjury == Reinjury

p < 0.0001
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Discussion: Intersectional Risk Profiles

e Confounding Masks True Readiness Risks
o Raw data obscures the compounding effect of overlapping military and
physical traits

e High-Risk Subpopulations Unmasked:
o Obese BMI & Marines: Risk (ORs:1.06, 1.15) spikes significantly once
adjusted (aORs: 1.20, 1.32)
o Junior Enlisted: Emerges as a highly vulnerable group (aOR:1.17)
o MOCs: Hidden risks revealed in Communications & Intelligence and
Electronic Equipment Repairers

e Operational Shift Required: Reinjury prevention must recognize these
differences to target these specific intersections
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Discussion: The Care Timeline & Severity

 The Rehab Paradox: Higher utilization (45% vs. 37%) acts as a proxy for
Initial injury severity

 Delayed Care Windows: Reinjury cohort experienced significantly
delayed initiation of rehabilitation

 Drawn-Out Recovery: Longer initial time to clinical recovery (5 vs. O
median days) leaves joints/tissue systematically vulnerable

 Readiness Takeaway: Early, acute intervention and aggressive post-
recovery tracking are vital for sustainable Return to Duty (RTD)
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Strengths and Limitations

Sample size

Granularity II\?AOTI% lieneS'S

What's Next?
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