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Infection Precedes Heterotopic
Ossification in Combat Wounded

Jessica K. Juarez, MS

Mary Jo Pugh, PhD

Joseph C. Wenke, PhD

MAJ Jessica C. Rivera, MC, USA

ABSTRACT

Heterotopic ossification is the formation of ossified bone in soft tissue, particularly after soft tissue trauma.
Heterotopic ossification is known cause of pain, prosthetic/orthotic malfit, and reoperation following combat
extremity injury. The purpose of this research was to examine injury and treatment characteristics that are as-
sociated with heterotopic ossification in a broader population of deployment-injured subjects. The Department
of Defense Trauma Registry and Military Orthopaedic Trauma Registry was queried for a sample of deploy-
ment-injured subjects and the complication of heterotopic ossification. Heterotopic ossification was identified
in 15% of subjects following 5% of all injuries. Symptoms attributed to the heterotopic bone were present in
40% of subjects with diagnosed with heterotopic ossification. Heterotopic ossification was not associated with
injury severity or aggressiveness of open wound treatment. However, infection was the only positive predictor
of heterotopic ossification resulting in two-times greater odds of heterotopic bone formation. This finding is
consistent with prior research suggesting that heterotopic ossification requires persistent inflammation to be
present in at-risk soft tissue. Among all wounds sustained during deployment injury, heterotopic may not be

abundantly common; however, the risk may be further minimized by focused infection control.

Heterotopic ossification (HO) is the formation of ecto-
pic bone in abnormal soft tissue locations where it can
cause pain, joint motion limitation, and neurovascular
entrapment.! Heterotopic ossification formation is likely
driven by excessive local and systemic inflammation
and occurs following many traumatic conditions such
as severe extremity trauma, certain surgical procedures
about the hip and pelvis, traumatic brain injury (TBI),
spinal cord injury, and systemic insults such as burn in-
jury.”® The frequency of extremity HO ranges from 11%
to 20% in civilian polytrauma patients.*

Heterotopic ossification is of substantial significance for
injured military personnel because a known risk factor
for developing HO is exposure to high energy trauma
such as that experienced during an explosion injury.>!
Following combat-related Gustilo and Anderson grade 3
open tibia fractures, HO occurred in 38% of patients and
over one-fourth of these patients required symptomatic
HO excision.!! Combat-related amputations are associ-
ated with a 64% occurrence of HO.!? Symptomatic HO
is a cause of reoperation for service members with both
upper and lower extremity amputations, contributing
to one-fourth of amputation revisions.”*!* Once excised,
heterotopic bone can recur.”® Higher prevalence of HO
in injured US versus allied service members suggests
that characteristics of combat wound care (eg, aggres-
sive wound care practices) that are more common in US
casualties may predispose wounds to HO.!¢

The published reports cited in the previous paragraph
suggest a high frequency of symptomatic HO, but se-
lectively examine very severe injuries which represent
only a portion of combat wounded. When all injuries are
taken into account, HO may be an outcome with closer
frequency to that seen in the civilian trauma literature.*
The first aim of this research was to examine a broader
cohort of casualties with a wide variety of extremity in-
juries to determine the frequency of HO without select-
ing for the most severe extremity injuries. Our hypoth-
esis was that in a broader cohort of combat casualties,
the frequency of HO would be less than 20%, similar to
the civilian trauma population. Secondarily, we aimed
to determine what injury and treatments were associat-
ed with HO formation. We hypothesized that aggressive
debridement timing and frequency would be predictive
of HO formation.

METHODS

This retrospective cohort study was conducted in ac-
cordance with a research protocol approved by the US
Army Medical Research and Materiel Command Insti-
tutional Review Board. The Military Orthopaedic Trau-
ma Registry (MOTR) (Joint Trauma System, JBSA Fort
Sam Houston, Texas) was queried for subjects with at
least one extremity injury sustained during deployment
operations. The MOTR collects injury, treatment, and
complication data for subjects who are identified in the
Department of Defense Trauma Registry as having an
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extremity injury.””'® The MOTR data sources include
scanned and electronically entered documentation from
role 3 theater facilities through Veteran’s Administra-
tion (VA) healthcare facilities. The MOTR complica-
tion data fields were then queried to determine which
extremities were eventually diagnosed with HO. The
presence of HO was defined as any indication by docu-
mented physical exam, radiographic exam, or surgical
findings of aberrant bone. Subjects for whom no such
documentation was located were assumed to not have
HO. MOTR furthermore collects data on complication
treatments; therefore, the frequency of HO excision was
noted. Subject age, sex, and mechanism of injury was
also collected. Frequencies of HO were then calculated
using simple proportions.

From this initial MOTR query, a random list of subjects
with extremity injuries that included an open wound
(eg, traumatic amputations, open fractures, fasciotomy
wounds) was selected for further chart abstraction using
MOTR and the military electronic medical record. Ad-
ditional data collected on this subcohort included treat-
ment characteristics including frequency and timing of
initial wound irrigations and debridements and the use
of negative pressure wound therapy (NPWT). Injury
severity was collected according to the severity score
of 1 to 6 in accordance with the Military Abbreviated
Injury Scale coding system (updated January 2013) and
designated as meeting or not meeting the definition of
“severe extremity trauma” according to the Lower Ex-
tremity Assessment Project (LEAP) Study Group.!*?°
Severe extremity injuries included amputations, Gustilo
and Anderson grade 3B or 3C open fractures, limbs
with diagnosed compartment syndrome, large volumet-
ric muscle loss, large segmental bone loss, or need for
revascularization. Distal outcomes collected included:
if diagnosed HO caused symptoms; if the patient un-
derwent HO excision; and if the extremity wound was
diagnosed with an infection.

Logistic regression analysis was then used to test for as-
sociations between the outcome HO and predictor vari-
ables related to the injury (mechanism, severity), treat-
ments (debridements, NPWT), and presence of infection.
Sequentially nested regression models were compared
for model fit using Akaike Information Criteria and log-
likelihood ratio. Analysis was performed using Stata
14.1/1C (StataCorp LLC, College Station, Texas).

RESULTS

The study population comprised 96% males who were
average age 26+5.4 years old. Similar with published

findings of combat-related injury, a majority (73%) of
injuries were due to an explosive mechanism. Among
3,255 subjects with over 14,000 separate injuries to the
extremities, 480 subjects (14.7%) were diagnosed with
HO. Examining the separate injuries, it was determined
that 749 (5%) injuries led to HO. Among the 749 discreet
injuries, 18% of injuries were traumatic amputations in-
dicating that a majority of HO was diagnosed following
nonamputation injuries. Of the nonamputation injuries
that developed HO, 78% had a fracture involved in the
injury; 62% had a soft tissue injury, including open frac-
tures and isolated soft tissue injuries; 13% had an asso-
ciated vascular injury; and 12% had an associated nerve
injury. A majority of the HO was diagnosed at a role 5
military medical treatment facility within 169+263 days
from injury (range 32 days-9.9 years), while only 13 ad-
ditional cases were identified once the service member
matriculated to VA care.

To closely examine wound care practices, a random
sample of 263 subjects with open wounds associated
with their extremity injury underwent additional ab-
straction. A majority of subjects (195/263, 74%) under-
went wound irrigation and debridement within 24 hours
of injury. Furthermore, most subjects underwent irriga-
tion and debridement at least every 48 hours (141/263,
54%). Negative pressure wound therapy was used be-
tween irrigation and debridements in the combat zone
and during aeromedical evacuation in 33% (88/263) of
subjects. Infection was diagnosed in 48% of subjects
with wounds (127/263).

Of these 263 subjects, 87 subjects (33%; 87/263) devel-
oped HO. Among subjects that were diagnosed with HO,
59% (51/87) had no self-reported symptoms associated
with the HO in their medical record, but had only het-
erotopic bone evident on radiographs without associated
symptoms. Of the 36 subjects with self-reported symp-
toms, 58% of symptoms (21/36 subjects) were associat-
ed with prosthetic/orthotic malfit and 42% of symptoms
(15/36 subjects) were associated with pain. Among the
36 subjects with symptomatic HO, 21 underwent HO ex-
cision and 9 experienced a recurrence of the heterotopic
bone following excision. Though numbers are small,
this suggests a 43% recurrence.

Logistic regression results, shown in the Table, indicate
that classification as a “severe” injury according to the
LEAP Study Group definition was associated with in-
creased odds of HO development when only the injury
mechanism and severity are modeled. However, in the
full model, only infection was associated with increased

2 http://www.cs.amedd.army.mil/amedd_journal.aspx
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Logistic Regression Results for Heterotopic Ossification Occurrence.

Model 1 Model 2 Model 3
OR (95% Cl) OR (95% CI) OR (95% Cl)
Injury Type?
Penetrating (ref blunt) | 1.38 (0.73-2.61) | 1.37 (0.71-2.64) | 1.48 (0.76-2.89)
MechanismP
Firearm 0.82 (0.33-2.03) | 0.85 (0.34-2.11) | 0.95 (0.38-2.40)
Vehicular 1.21 (0.10-14.5) | 1.21 (0.10-14.8) | 1.35 (0.10-19.0)

Severe Injury

1.36° (1.02-1.81)

1.34 (0.99-1.81)

1.27 (0.94-1.71)

Abbreviated Injury Scale

0.97 (0.88-1.06)

0.97 (0.88-1.07)

0.98 (0.89-1.08)

Debride Timing

1.10 (0.53-2.29)

1.13 (0.54-2.36)

Debride Frequency

0.79 (0.41-1.51)

0.75 (0.39-1.45)

NPWT

1.16 (0.84-1.60)

1.13 (0.81-1.57)

Wound Infection

2.02° (1.16-3.50)

Log Likelihood

-164.63

-164.04

-160.90°

in this cohort was overall high and nega-
tive pressure wound therapy use common.
However, these data did not support the
hypothesis that particularly aggressive
early wound care was associated with HO
formation.

What is evident from these data is that
when modeling several potential predic-
tors of HO, the only predictor variable that
was positively associated with increased
odds of HO was infection. Infection is a
recognized contributor to HO, presumably
because of persistent inflammation asso-
ciated with infection.'®?! In a rat model of

Akaike Information Criteria 341.25 346.07

385 heterotopic ossification designed to mimic

80dds ratios for injury type are relative to blunt type injuries.
bOdds ratios for injury mechanism are relative to explosive mechanism.
¢p<.05

severe blast-related amputation, induced
wound infection resulted in a greater vol-
ume of heterotopic bone volume.”? Fur-

odds of HO formation with 2 times greater odds com-
pared to subjects who were not diagnosed with an infec-
tion. The model fit statistics favor the full model.

COMMENT

Across a broad population of extremity-injured subjects,
15% of subjects were diagnosed following injury with
HO. Of 263 subjects further analyzed with open wounds
associated with their extremity injury, 87 subjects (33%;
87/263) developed HO. Among subjects that were diag-
nosed with HO, 41% (36/87) were symptomatic. With
only 36 out of the 263 subjects analyzed experiencing
symptomatic HO, these data do support that HO is not
abundantly problematic as a long-term outcome. This
frequency is much lower than the frequencies reported
in studies containing grade 3 open fracture and amputa-
tion patients only.'*!2

Heterotopic bone is formed in traumatically injured tis-
sues that are in a state of persistent inflammation, a state
theoretically maintained by repeated handling of the
tissues at frequent surgical settings.>'"'> A comparison
of practices between deployed British and US surgeons
suggested that certain devices used for high impulse
irrigation, more frequent irrigations and debridements,
and NPWT were more commonly associated with HO
formation.' Each of these aspects of care represent ways
that tissue is repeatedly traumatized in such a way that
inflammation may persist. While the irrigation devices
(high-pulsatile or other) used for the subjects’ care in
this cohort could not reliably be described by retrospec-
tive means, early debridement and irrigation frequency

thermore, local therapy with vancomycin
in that same model reduces both infection and HO.*
While HO has also been connected with infection in
burn patients, this association is not described following
extremity trauma or orthopaedic surgical patients out-
side of combat extremity injury.*** This further reiter-
ates the importance of the patient’s inflammatory state
and that multiple insults to the acute phase response are
significant for HO risk.

Limitations to this study include limitations inherent to
retrospective data collection. MOTR has an extensive
quality assurance process for its data.”™'® However, nu-
ances of wound care, such as the irrigation device previ-
ously mentioned, is not reliably recorded for access via
registry. The same can be assumed for details on injury
severity and overall burden of injury (eg, TBI, burn, mul-
tisystem injury) which may contribute to the subjects’
systemic inflammation magnitude and duration. Such
details difficult to capture by retrospective means could
under- or overestimate tested associations in regression
modeling. The number of subjects who developed HO
is also relatively small. This may make drawing conclu-
sion on these associations challenging, warranting ad-
ditional study such as in a case-control design.

This study provides a more comprehensive understand-
ing of risk factors for HO in the military combat setting.
By including multiple factors into this model, our data
suggest that infection and resulting persistent inflam-
mation is the primary risk factor for HO. While prior
studies suggested that aggressive wound care practices
and blast exposure may be primary factors associated
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with HO, these data suggest that those relationships may
be spurious due to common occurrence of infection
with blast exposure and the common use of aggressive
wound care practices in blast exposures with infection.
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Injury Mechanisms, Activities, and Limited

Work Days in US Army Infantry Units

Michelle Canham-Chervak, PhD, MPH
Catherine Rappole, MPH

Tyson Grier, MS

Bruce H. Jones, MD, MPH

ABSTRACT

Injuries are a leading health and readiness concern for the US Army. For effective prevention planning, details
concerning circumstances associated with injuries are needed. Over 5,000 Soldiers were surveyed to collect
demographic and injury details (type, body part, mechanism, activity, limited duty days); 874 reported an
injury within 6 months of survey administration. The greatest proportion of limited duty time was associ-
ated with knee (19.2%), ankle (14.8%), and lower back injuries (12.9%). Overexertion was the leading injury
mechanism (43.9%), followed by falls, jumps, trips, and slips (35.2%), which accounted for the highest average
limited duty days per injury (42+43 days). Running was the leading activity associated overexertion injuries
(39.3%) and falls (30.5%). Running also accounted for the greatest total limited duty days (5,844 days, 29.8%).
For Army infantry units, results suggested a focus of prevention activities on running-related injuries resulting
in overexertion or falls. Healthcare providers can facilitate injury prevention with contributions to initiatives

providing details on injury mechanisms and activities associated with injuries.

The US Army is predominantly a young, physically ac-
tive population, and as a result, injuries and musculo-
skeletal conditions are a significant health issue, result-
ing in over one million medical encounters among ac-
tive duty Army personnel annually,’ with an estimated
10 million restricted work days.> For effective injury
prevention planning to occur, details concerning activi-
ties and mechanisms associated with injuries are nec-
essary.’® These critical elements of a minimum basic
data set for injury surveillance have been recommended
by the World Health Organization* and have also been
specifically recommended to support US state health de-
partment*¢ and military injury prevention efforts.”* Yet,
external cause of injury coding of medical data remains
voluntary.’

Leading causes of injury often differ among Army units
and organizations, given the varying missions, occupa-
tions, and geographic locations represented. Injuries
have been most extensively studied in military trainee
populations,'® where leading activities associated with
injury include physical training, road marching, and
obstacle courses." Few studies describe information on
activities and mechanisms of injury beyond basic train-
ing, and existing studies focus on specific populations.
In an Army airborne division, 75% of injuries were
traumatic due to parachuting and other operational ac-
tivities.'> In a sample of infantry and Special Forces Sol-
diers, over 80% of injuries were attributed to physical
training, road marching, or sports.” Among engineers

and artillery Soldiers, half of injuries were attributed to
physical training and road marching, while another 30%
were related to occupational tasks such as equipment re-
pair or carrying ammunition.” During deployment, in-
juries also vary according to the unit mission and envi-
ronment; leading mechanisms have ranged from lifting
and carrying and dismounted patrol' to weightlifting
and sports.”®

This article summarizes injury details from a large
sample of Soldiers in an infantry division, including
information not routinely available in the medical re-
cords such as activities, mechanisms, and limited duty
days associated with injury. Injury risk factors in this
and other infantry populations have been described
elsewhere.'*"® These details on activity and mechanism
provide information necessary to prioritize and guide
Army injury prevention activities.

METHODS

Surveys were administered to active duty Army Sol-
diers in 3 infantry brigade combat teams between Janu-
ary 2011 and November 2012 as part of evaluations of
physical training programs in those units. The projects
were reviewed and approved as public health practice by
the US Army Public Health Center Public Health Re-
view Board. Demographic data collected by survey in-
cluded gender, age, rank, brigade, and military occupa-
tional specialty (MOS). The MOSs were grouped into 13
specific occupational groups'®!® and 3 broad categories

6 http://www.cs.amedd.army.mil/amedd_journal.aspx



THE ARMY MEDICAL DEPARTMENT JOURNAL

Table 1. Distribution by Injury Type and Limited Duty Days among Army Infantry Brigade Combat Team Soldiers.
Injury Type Total Injuries Medical Medical Care Medical Care Total Limited Average
(N=874) Care Not Sought; No Profile | Sought; Temporary Duty Days Limited
n, (%N) Sought Received Profile Received (N=19,628) Duty Days
n, (%n,) n, (%n,) n, (%n,) ng (%N) ne (SD)
Strain 219 (25.1%) 51 (23.3%) 37 (16.9%) 128 (58.4%) 3,700 (18.9%) 30 (35)
Sprain 160 (18.3%) 39 (24.4%) 26 (16.3%) 94 (58.8%) 2,751 (14.0%) 31 (30)
Pain 150 (17.2%) 48 (32.0%) 29 (19.3%) 71 (47.3%) 2,384 (12.1%) 35 (36)
Fracture 76 (8.7%) 3 (3.9%) 11 (14.5%) 62 (81.6%) 3,373 (17.2%) 59 (47)
Tendonitis or bursitis 34 (3.9%) 5 (14.7%) 1 (2.9%) 28 (82.4%) 1,083 (5.5%) 42 (41)
Dislocation (joint) 30 (3.4%) 9 (30.0%) 2 (6.7%) 19 (63.3%) 1,420 (7.2%) 84 (67)
Nerve injury 28 (3.2%) 2 (7.1%) 5 (17.9%) 21 (75.0%) 1,108 (5.6%) 55 (31)
Bruise (contusion) 23 (2.6%) 4 (17.4%) 0 19 (82.6%) 552 (2.8%) 29 (41)
Cut/laceration/puncture 23 (2.6%) 3 (13.0%) 6 (26.1%) 13 (56.5%) 249 (1.3%) 21 (19)
Hernia 22 (2.5%) 4 (18.2%) 3 (13.6%) 15 (68.2%) 532 (2.7%) 41 (24)
Tear 15 (1.7%) 0 1 (6.7%) 14 (93.3%) 804 (4.1%) 57 (53)
Scrape/abrasion 11 (1.3%) 1 (9.1%) 5 (45.5%) 5 (45.5%) 314 (1.6%) 63 (74)
Concussion (TBI) 6 (0.7%) 1 (16.7%) 2 (33.3%) 3 (50.0%) 80 (0.4%) 27 (6)
Blister 5 (0.6%) 4 (80.0%) 1 (20.0%) 0 0 -
Burn 1 (0.1%) 0 1 (100%) 0 0 -
Multiple 4 (0.5%) 1 (25.0%) 1 (25.0%) 2 (50.0%) 40 (0.2%) 20 (14)
Other 34 (3.9%) 5 (14.7%) 4 (11.8%) 24 (70.6%) 1,037 (5.3%) 49 (44)
Unspecified 33 (3.8%) 7 (21.2%) 5 (15.2%) 11 (33.3%) 202 (1.0%) NA
Totals 874 (100%) | 187 (21.4%) 140 (16.0%)* 529 (60.5%) 19,628 (100%)
*Information on medical care or profile was not provided for 18 injuries.
Note: TBI indicates traumatic brain injury; NA, not applicable.

(combat arms, combat support, and combat service sup-
port).?? Combat arms included Soldiers who interact with
enemy forces or provide battlefield capabilities, such as
infantry and field artillery. Combat support included oc-
cupations with critical functions such as engineering,
communications, and transportation. Combat service
support occupations provide sustainment services such
as paralegal, financial management, and medical.***

To ensure only injuries occurring while part of the in-
fantry unit were included in the analysis, in-processing
date and injury date were compared; only those with an
injury occurring after in-processing with the unit were
included. Survey date and injury date were compared
to identify injuries occurring within 6 months of survey
administration.

For each injury, the survey captured injury type, body
part affected, mechanism of injury, activity associated
with the injury, whether medical care was sought (yes/
no), whether a profile was received (yes/no), and days
of limited duty. Days of limited duty referred to the
length of time a Soldier was on restricted activity (ie,
temporary profile) as determined by a medical provider
at the time of treatment and as reported on the survey.
Consistent with Army Regulation 40-501: Standards of
Medical Fitness,** the maximum number of limited duty

days a Soldier could be given at one appointment with a
medical provider was 365 days. Since the time frame for
analysis was 6 months, reported values were limited to
a maximum of 182.5 days.

Injury characteristics (injury type, body part, mecha-
nism of injury, activity associated with the injury) are
presented, along with the proportion reporting that
medical care was sought and limited duty time was re-
ceived. Total limited duty days and the average limited
duty days per injury are reported by body part, injury
type, mechanism of injury, and activity associated with
the injury. Average limited duty days were calculated
by dividing the total limited duty days in each category
by the number of Soldiers reporting limited duty days
in that category. Average limited duty days include the
standard deviation to indicate the degree of variability.
For injury type only, the number of encounters for which
medical care was not sought is also reported. Analyses
were conducted using SPSS Statistics, version 21 (IBM
Corporation, Armonk, NY).

RESULTS

Of the 5,102 active duty Army personnel surveyed in
the 3 brigades, 93% were male, 63% were lower enlist-
ed rank (El1 to E4), 55% were in a combat arms military
occupation specialty, and the average age was 26 years
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(6 years). Nearly all Soldiers (99%) were Regular Army
(ie, not part of the Army National Guard or Reserves).
A total of 1,572 respondents (30%) reported an injury
on the survey. Exclusion from further analysis occurred
for the following reasons: missing survey date (n=>5);
missing injury date (n=250), injury occurred more than
6 months prior to the survey date (n=150), and injury
occurred before in-processing with the brigade (n=293).

A total of 874 Soldiers reported an injury while serving
in the infantry brigade and within a 6 month time peri-
od from survey administration. Among injured Soldiers,
most were male (92%), with an average age of 27+6.4
years, a rank of El to E4 (§9%), and were in combat
arms occupations (49%), the most common of which
was infantry (31%).

Sprains and strains were the most common injury type
(43%)), followed by pain (17%) and fractures (9%) (Table
1). Medical care was not sought for approximately one of
5 reported injuries (n=187, 21%). However, over 60% of
reported injuries received medical care and limited duty
days (n=529). Strains accounted for the greatest num-
ber of temporary profiles (25%), followed by sprains

limited duty (42% of total limited duty days). Average
limited duty days were greatest for the fall, jump, trip,
or slip category (42+43 days).

Activities associated with reported injuries are listed
in Table 4. Running for physical training was the most
common activity associated with injuries (32%), fol-
lowed by lifting or moving heavy objects (13%), and
walking, hiking, or road marching (11%). Running was
also associated with the greatest number of injuries with
limited duty (31%) and resulted in over 5,000 total lim-
ited duty days (30% of all days). The highest average
number of limited duty days was received for injuries
due to military tasks and training (43+47 days).

Stratifying the top 3 mechanisms associated with injury
by activity (Table 5) indicated that, among overexertion
injuries, over one third (39%) were attributed to running,
and another 20% were attributed to lifting or moving
heavy objects. Among overexertion injuries, running
was also associated with the greatest number of tempo-
rary profiles (41% of all overexertion injury profiles) and
resulted in the greatest total limited duty days (39% of
all limited duty days due to overexertion). The highest

(18%)’ and pain (17%). Sprains con- Table 2. Injuries by Body Part and Limited Duty Days among Army Infantry Brigade
tributqd t'he greatest proportion of | compat Team Soldiers.
total limited duty days (20%)’ fol- Injured Body Part | Total Injuries Medical Care Total Limited Average
lowed by fractures (17%). Average (N=874) Sought; Temporary Duty Days Limited
limited duty days were greatest for n (%N) Profile Received (N=19,628) Duty Days
dislocations (84+67 days). (S?OZZNQ)) n (%N) n (SD)
Table 2 displays the most common- Knee 168 (19.2%) 109 (20.62/0) 4,549 (23.2;’/0) 43 (38)
ly injured body parts. The knee Ankle 129 (14.8%) 82 (15.5%) 2,849 (14.5%) 38 (41)
was the most frequently reported Lower back 113 (12.9%) 74 (14.0%) 2,339 (11.9%) 32 (32)
injured body part (19%), followed | 7% 72 (8.2%) 48 (9.1%) 1,497 (7.6%) 34 (31)
by the ankle (15%)’ and lower back Shoulder 59 (6.8%) 33 (6.2%) 1,153 (5.9%) 44 (44)
(13%). These body parts also con- Upper back 49 (5.6%) 36 (6.8%) 1,965 (10.0%) 55 (55)
tributed the greatest number of lim- Hand/Fingers 39 (4.5%) 22 (4.2%) 599 (3.1%) 30 (24)
ited duty days (23%, 14%, and 12%, Lower Leg (calf/shin) 36 (4.1%) 17 (3.2%) 897 (4.6%) 56 (56)
respectively). Average limited duty | HP 28 (3.2%) 17 (3.2%) 801 (4.1%) 53 (57)
days were greatest for the wrist |Head/face 24 (2.7%) 12 (2.3%) 211 (1.1%) 19 (17)
(67+£60 days) and lower leg (5656 | Wrist 24 (2.7%) 13 (2.5%) 865 (4.4%) 67 (60)
days)' Upper leg (thigh) 17 (1.9%) 10 (1.9%) 183 (0.9%) 18 (11)
Pelvic area 13 (1.5%) 6 (1.1%) 77 (0.4%) 13 (13)
Reported mechanisms of injuries |Arm (upper or lower) 12 (1.4%) 7 (1.3%) 292 (1.5%) 49 (29)
are shown in Table 3. Overexertion, | Elbow 12 (1.4%) 6 (1.1%) 324 (1.7%) 54 (37)
strenuous or repetitive movements | Neck 11 (1.3%) 7 (1.3%) 130 (0.7%) 19 (20)
were reported as the mechanism | Chest 11 (1.3%) 6 (1.1%) 156 (0.8%) 26 (20)
resulting in the most injuries and |Abdominal area 8 (0.9%) 5 (0.9%) 89 (0.5%) 18 (8)
limited duty (n=384, 44% of all in- | Multiple 13 (1.5%) 5 (0.9%) 42 (0.2%) 14 (0)
juries, 42% of injuries with limited |Other 5 (0.6%) 5 (0.9%) 350 (1.8%) 88 (62)
duty days). Overexertion was the |Unspecified 31 (3.5%) 9 (1.7%) 261 (1.3%) NA
mechanism resulting in the most | Note: NA indicates not applicable.
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average number of limited duty
days received for overexer-

Table 3. Injuries and Limited Duty Days by Injury Mechanism among Army Infantry Brigade

Combat Team Soldiers.

tion injuries were attributed to
walking, hiking, or road march-
ing (46+36 days). Leading
activities associated with fall,

jump, trip, or slip injuries were
running (n=94, 31% of all fall-

related injuries), walking, hik-

ing, or roach marching (n=55,

18%), and sports and recreation
(n=44, 14%). Among fall, jump,

trip, or slip injuries, running
was also associated with the

greatest number of temporary

profiles (28% of fall, jump, trip,

or slip profiles) and resulted in

the greatest total limited duty

Injury Mechanism Total Injuries Medical Care Total Limited Average
(N=874) Sought; Temporary Duty Days Limited
n (%N) Profile Received (N=19,628) Duty Days
(N=529) n (%N) n (SD)
n (%N)
Overexertion, strenuous, 384 (43.9%) 220 (41.6%) 8,275 (42.2%) 39 (39)
or repetitive movements
Fall, jump, trip, or slip 308 (35.2%) 211 (39.9%) 8,138 (41.5%) 42 (43)
Struck by/against 57 (6.5%) 35 (6.6%) 973 (5.0%) 29 (32)
Cut by a sharp instrument, 13 (1.5%) 8 (1.5%) 128 (0.7%) 18 (20)
tool, or object
Fire, hot substance or 1 (0.1%) 0 0 -
object, or steam
Environmental factors 1 (0.1%) 1 (0.2%) 30 (0.2%) -
such as heat or cold
Multiple 1 (0.1%) 0 0 -
Other 63 (7.2%) 35 (6.6%) 1,200 (6.1%) 37 (36)
Unspecified 46 (5.3%) 19 (3.6%) 885 (4.5%) NA

days (25% of all limited duty

Note: NA indicates not applicable.

days due to fall, jump, trip, or
slips). The highest average num-
ber of limited duty days received
for fall, jump, trip, or slip inju-
ries was due to lifting or mov-
ing heavy objects (49+60 days).
The leading activities due to be-
ing struck by or against a person
or object were lifting or moving
heavy objects (23%), sports and
recreation (18%), repairing or
maintaining equipment or ve-
hicles (12%), and riding or driv-
ing in or on a motorized vehicle
(12%). Among struck by/against
injuries, injuries attributed to
lifting or moving heavy objects
had the greatest number of tem-
porary profiles (23% of struck by/
against profiles) and the great-
est number of limited duty days
(18% of all limited duty days due
to struck by/against injuries). The
highest average number of lim-
ited duty days received for struck
by/against injuries was due to ridi
a motorized vehicle (33+£33 days).

COMMENT

This study provides a unique sum

bat Team Soldiers.

Table 4. Injuries and Limited Duty Days by Injury Activity among Army Infantry Brigade Com-

Injury Activity Total Injuries Medical Care Total Limited Average
(N=874) Sought; Temporary Duty Days Limited
n (%N) Profile Received (N=19,628) Duty Days
(N=529) n (%N) n (SD)
n (%N)
Running 275 (31.5%) 163 (30.8%) 5,844 (29.8%) 38 (38)
Lifting or moving heavy | 109 (12.5%) 67 (12.7%) 1,992 (10.1%) 34 (35)
objects
Walking, hiking, or road 98 (11.2%) 58 (11.0%) 2,112 (10.8%) 40 (43)
marching
Sports and Recreation 85 (9.7%) 45 (8.5%) 1,637 (8.3%) 42 (35)
Physical Training, not 71 (8.1%) 41 (7.8%) 1,411 (7.2%) 35 (40)
running
Military tasks and 42 (4.8%) 34 (6.4%) 1,423 (7.2%) 43 (47)
training
Stepping or climbing 39 (4.5%) 31 (5.9%) 1,153 (5.9%) 37 (27)
(stairs, ladder)
Repairing or maintaining 24 (2.7%) 17 (3.2%) 674 (3.4%) 40 (47)
equipment or vehicles
Riding or driving in or on 19 (2.2%) 16 (3.0%) 637 (3.2%) 42 (36)
a motorized vehicle
Other 63 (7.2%) 40 (7.6%) 1,988 (10.1%) 51 (51)
Unspecified 49 (5.6%) 17 (3.2%) 759 (3.9%) NA

Note: NA indicates not applicable.

ng or driving in or on

mary of injury details

for active duty US Army personnel in a large infantry

unit, including details not available from medical re-

cords but essential for the identification of the greatest

contributors to injury occurrence

and injury-related lost

duty time. Among these Soldiers, sprains and strains

were the most common injury type that accounted for
the greatest proportion of total limited duty days. The
knee was most often affected, followed by the ankle and
lower back. Overexertion was the leading mechanism of
injury, followed by falls, jumps, trips, and slips, which
also accounted for the highest average limited duty days
per injury. The leading activity associated with injury
was running, which resulted in the greatest number of
profiles and limited duty days. Among both overexertion
and fall-related injuries, running was the leading activity.
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Table 5. Top 3 Injury Mechanisms by Activity and Limited Duty Days among Army Infantry Brigade Combat Team
Soldiers.
Top 3 Injury Mechanisms Total Injuries Medical Care Total Limited Average
and Associated Activities (N=749) Sought; Temporary Duty Days Limited
n, (%n) Profile Received (N=17,387) Duty Days
(N=466) n, (%n) n, (SD)
n, (%n)
Overexertion n=384 n=220 n=8,275
Running 151 (39.3%) 89 (40.5%) 3,256 (39.3%) 37 (34)
Lifting or moving heavy objects 75 (19.5%) 40 (18.2%) 1,133 (13.7%) 30 (24)
Physical training 53 (13.8%) 30 (13.6%) 1,143 (13.8%) 39 (45)
Walking, hiking, or road marching 35 (9.1%) 19 (8.6%) 789 (9.5%) 46 (36)
Sports and recreation 25 (6.5%) 11 (5.0%) 425 (5.1%) 39 (30)
Other activity 45 (11.7%) 31 (14.1%) 1,529 (18.5%) 51 (58)
Fall, jump, trip, or slip n=308 n=211 n=8,139
Running 94 (30.5%) 60 (28.4%) 2,057 (25.3%) 39 (44)
Walking, hiking, or road marching 55 (17.9%) 34 (16.1%) 1,247 (15.3%) 40 (49)
Sports and recreation 44 (14.3%) 28 (13.3%) 1,100 (13.5%) 46 (40)
Stepping or climbing (eg, stairs, ladder) 35 (11.4%) 27 (12.8%) 1,064 (13.1%) 39 (28)
Lifting or moving heavy objects 19 (6.2%) 17 (8.1%) 686 (8.4%) 49 (60)
Other activity 61 (19.8%) 45 (21.3%) 1,985 (24.4%) 46 (44)
Struck by/against n=57 n=35 n=973
Lifting or moving heavy objects 13 (22.8%) 8 (22.9%) 173 (17.8%) 25 (9)
Sports and recreation 10 (17.5%) 3 (8.6%) 80 (8.2%) 27 (15)
Repairing or maintaining equipment or vehicles 7 (12.3%) 4 (11.4%) 59 (6.1%) 15 (11)
Riding or driving in or on a motorized vehicle 7 (12.3%) 6 (17.1%) 163 (16.8%) 33 (33)
Running 4 (7.0%) 3 (8.6%) 45 (4.6%) 15 (17)
Other activity 16 (28.1%) 11 (31.4%) 453 (46.6%) 41 (48)

Other reviews of military medical surveillance and
medical records have indicated that sprains and strains
are leading injury types experienced by active duty per-
sonnel. A summary of over 500,000 outpatient visits for
acute injuries among active duty US military personnel
in 2006 found that 49% of all visits were due to sprains
and strains.”? Regarding limited duty and profile days,
strains and sprains have been reported as accounting
for the greatest proportion of limited duty days among
airborne Soldiers, and overuse injuries (which includ-
ed strains and sprains) accounted for the greatest total
number of limited duty days among infantry, engineer,
and artillery Soldiers.!>!* In these populations, fractures
and stress fractures also contributed significantly to
limited duty.!>!®

Knee injuries contributed the highest proportion of lim-
ited duty days and profiles in the infantry units of the
study population, as well as the greatest number of to-
tal limited duty days, consistent with one other study
of infantry Soldiers.** Another assessment of records of
medical readiness in an infantry division showed that
knee and leg injuries accounted for the greatest propor-
tion of medically not ready (profiled) cases.?

10

Looking at mechanisms and activities associated with
injury, overexertion has been previously identified as
a leading mechanism of injury among US Army Sol-
diers,"*¢ but can be challenging to describe and mitigate
since such injuries result from a wide variety of activi-
ties including repetitive movements, strenuous move-
ments or load, and prolonged or strenuous static or awk-
ward postures. In order to provide further evidence of
where overexertion injuries were occurring, this analy-
sis stratified mechanism by activity. In these units, over-
exertion injuries predominantly occurred while running,
lifting or moving heavy objects, or during physical
training. Falls have also been consistently identified as
a leading mechanism of injury among Army Soldiers."*’
Further analysis by activity type indicated that, in these
units, falls were most often related to running as well.
For fall-related injuries, prior studies have shown that
Army safety reports may serve as a source of additional
details on circumstances, locations, and activities.?®%

The broad category of “physical training” has also been
the leading activity associated with injury in basic train-
ing and infantry units."""*'® However, when more spe-
cific categorization was available, running was cited as
the leading activity.?**° A 2008 survey of over 3,000 US
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Army personnel indicated that half (50.2%) of reported
exercise and sports-related injuries were attributed to
running.’! In selected military populations (eg, airborne,
engineer, artillery), studies have suggested that 30% or
more of injuries are related to occupational tasks (eg,
parachuting, repairing heavy vehicles, carrying shells,
other military training),'>"* demonstrating the impor-
tance of characterizing injury circumstances in different
types of Army units.

Surveys are a tool that can provide details on injury ac-
tivities and mechanisms, particularly in situations where
electronic medical data are not readily available or when
cause-coding of medical data is incomplete.* Work re-
strictions, or limited duty days, can also be obtained by
survey and provide a measure of severity that is cur-
rently not captured completely in military electronic
medical records.” In addition, surveys can provide in-
formation on injuries for which medical care was not
sought. Surveys may be subject to recall bias related to
injury details, though recall bias was minimized in this
analysis by restricting to injuries occurring in the past
6 months. Soldier reporting of injuries within the past 6
months has been shown to be accurate when compared
with medical records.® It is possible, however, that in-
juries for which medical care was received were more
likely to be remembered and reported. Due to time re-
strictions, a limitation of this survey was that details on
only one injury in the past 6 months were obtained. In
the future, electronic surveys may provide the capability
to collect details on all injuries during a specified time
period. Finally, at the time of survey administration, the
brigades were preparing for deployments to Afghani-
stan. Training activities during this time may differ
from other time periods with less frequent deployments
or deployments to a different location.

Ideally, activities and mechanisms associated with in-
jury would be captured as part of an established sur-
veillance system, given that surveillance offers the most
cost-effective means of providing ongoing, systematic
collection of data needed to quantify, prioritize, and
track injury trends and intervention effects.***** The
capability to include external cause codes from the In-
ternational Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) for each medical
encounter for active duty military already exists. How-
ever, external cause coding has not been mandated in
the Military Health System, though mandatory cause
coding has been recommended by military safety and
public health communities.>”** A number of US states
have successfully established cause-coding of hospital-
ization and emergency department records; these states
serve as examples of how it can be done.**

Clinician support of prevention is needed,***” and mili-
tary health care providers can contribute substantially to
primary prevention and population health through con-
tributions to injury cause coding of patient encounters
or other efforts, such as surveys in specific populations,
to capture detailed injury information. Data-driven pre-
vention planning enables a focus on leading activities
and mechanisms resulting in the greatest lost duty time,
and thus more effective utilization of limited prevention
resources. In addition, clinicians can lead efforts to de-
sign programs that address the most common injury ac-
tivities and mechanisms, in partnership with leadership,
supervisors, public health and safety professionals, and
others responsible for injury prevention programs and
planning. Through such partnerships and a systematic
approach to injury prevention,**<* reduction of injuries
among US Army Soldiers can occur.
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ABSTRACT

This investigation aimed to identify risk factors for lower extremity sprain/strain injuries in physically active
men. Lower extremity (LE) sprain/strain injuries are a significant source of morbidity among physically ac-
tive populations. Data on and risk factors for injuries, including personal characteristics, and physical training
and fitness were obtained from male Soldiers in an operational US Army division (N=6,865) by survey. Injury
risks, risk ratios (RR), odds ratios (OR), and 95% confidence intervals (95% CI) were calculated. Multivariate
analysis utilized logistic regression. Self-reported injury incidence for the prior 12 months was 43% (n=2,939),
with 30% (n=878) of injuries attributed to LE sprains/strains. Lower extremity sprain/strain injuries were most
commonly caused by falls, jumps, trips, or slips (49.4%), occurred while running (30.6%), and often resulted
in limited duty profiles (64%). Higher risk of LE sprain/strain injury was independently associated with higher
body mass index (ORoverweight/normal=1.2, 95% CI: 1.0-1.5), (ORobese/normal=1.4, 95% CI: 1.1-1.9), lower aerobic
endurance (from 2-mile run time) (ORQuartile 2 (Q2)/Quartile 4 (Q4)=1.4, 95% CI: 1.0-1.8), (ORQuartile 1 (Q1)/Q4=1.6,
95% CI: 1.3-2.1), and lower core strength (sit-up repetitions) (ORQ1/Q4=1.4, 95% CI: 1.1-1.8). Lower risk of LE
sprain/strain injury was associated with performing unit resistance training 3 or more times per week (OR3
times/one=0.5, 95% CI: 0.3-0.8). LE sprain/strain injuries contribute a significant portion of injuries among US
Army Soldiers. Emphasis on aerobic fitness, core strength, and resistance training may help reduce the risk of

LE sprain/strain injury among physically active men.

Affecting almost 600,000 service members and resulting
in over 2.1 million medical encounters annually, injuries
represent a significant health care burden to the US mili-
tary.! In 2011, more service members received medical
care for mostly musculoskeletal injuries such as sprains,
strains, fractures, Achilles tendonitis, and stress frac-
tures than any other health condition.! Furthermore, it
has been estimated that across the Department of De-
fense (DoD), acute and overuse injuries have been esti-
mated to result in over 25 million days of limited duty.’
Nationally, injuries are also a leading cause of mortality
and morbidity. In 2007 alone, there were an estimated
34.3 million medically attended injury episodes among
the US civilian, noninstitutionalized population.’

According to numerous studies of military and other
physically active populations, injuries most commonly
occur in the lower extremity (LE).*!" Injuries to the LE
have been reported to account for up to 88% of all inju-
ries in young, active, nonmilitary populations,** and up
to 83% of injuries in military populations.”'*'> Among
these injuries, sprains and strains are often the most
common injury type. An analysis conducted for the DoD
Military Injury Prevention Priorities Workgroup found
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that LE sprains and strains were the most frequently
reported cause of outpatient visits, the third most fre-
quently reported injury type resulting in hospitalization,
and the fifth most common cause of limited duty days
among active duty service members.” Another study
found that 29% of all sports and physical training related
injuries in US Army Soldiers resulting in hospitalization
were due to sprains or strains and the most frequently in-
jured anatomic locations were the knee and the ankle."

Previous studies have reported a number of risk fac-
tors for musculoskeletal injury in military populations.
These include younger (<20 years old) and older age
(>27 years old), cigarette smoking, low aerobic endur-
ance, low muscular endurance, high frequency and du-
ration of exercise, and both high and low categories of
body mass index (BMI) and flexibility.”'*!*" To date,
no analysis has been performed to assess risk factors
specifically associated with LE sprains and strains. In
addition, most prior studies were conducted among Sol-
diers in Basic Combat Training or Advanced Individual
Training. The purpose of this study was to determine
the risk factors for self-reported LE sprain and strain in-
juries among male US Army Soldiers in an operational
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division. Risk factor categories examined included per-
sonal characteristics, physical training activities, and
physical fitness.

METHODS
Experimental Approach to the Problem

This investigation used a cross-sectional survey of US
Army Soldiers to assess potential risk factors for sprains
and strains of the LEs. Respondents were asked about
personal characteristics, physical training, physical
fitness, cigarette use, and injuries sustained in the 12
months prior to being surveyed. Potential injury risk
factors were explored among Soldiers who self-reported
sprains and strains of the LEs.

Subjects

A total of 6,865 male US Army light infantry division
Soldiers stationed in the United States were surveyed.
Soldiers who completed the survey were part of a larger
evaluation investigating unit physical training programs.
Project plans were reviewed and approved as public
health practice by the institutional Public Health Review
Board. Informed consent was received and the rights of
all subjects were protected according to the approved
study protocol.

Procedures

Surveys administered between September 2010 and Oc-
tober 2011 asked Soldiers about personal characteristics,
unit and personal physical training, most recent Army
Physical Fitness Test (APFT) results, injuries, limited
duty days, and cigarette use during the previous 12
months. Injuries included traumatic and overuse inju-
ries. Sprain and strain injuries were identified by ask-
ing the type of injury suffered. Sprains were described
as injuries to ligaments or joints, and strains were de-
scribed as injuries to tendons or muscles. Injuries to the
LE were identified by asking what part of the body was
injured. For the purpose of this investigation, LE inju-
ries were defined as injuries to the knee, lower leg (calf/
shin), ankle, or foot. Injury incidence (overall and LE)
was calculated as the number of Soldiers with one or
more self-reported injuries divided by the total number
of Soldiers surveyed. The number of limited duty days
was calculated for LE sprain and strain injuries.

The APFT consists of three events: a 2-minute maximal
effort push-up event, a 2-minute maximal effort sit-up
event, and a 2-mile run performed for time. Previous
investigations have shown strong correlations between
self-reported and unit-reported APFT scores.?*?! The
APFT variables (push-ups, sit-ups and 2-mile run) were
converted into quartiles, where QIl=lowest perfor-
mance and Q4=highest performance. Unit and personal
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training was assessed by the total distance run per week,
and frequency of interval/sprint running, calisthenics,
resistance training, agility training, and road marching.

Body mass index was calculated as weight in kilograms
divided by height in meters squared (kg/m?) and grouped
according to the Centers for Disease Control and Pre-
vention categories (<18.5=underweight, 18.5-25=nor-
mal, 25-29.9=overweight, >30=obese).?* Age categories
were created by splitting the age variable into quartiles
(Q1-Q4). Current smokers were defined as Soldiers who
had smoked at least 100 cigarettes in their lifetime and
had smoked at least one day or at least one cigarette in
the past 30 days.

Statistical Analyses

The Statistical Package for the Social Sciences (SPSS),
Version 21.0 (IBM, Armonk, NY) was used for all statis-
tical analyses. Frequencies and percentages were calcu-
lated for personal characteristics, cigarette use, unit and
personal training, physical fitness, and injury character-
istics. Means and standard deviations were computed for
age and BMI. Some subjects failed to respond to every
survey question, resulting in unique denominators for
each variable, as shown in Tables 1 and 2. Potential risk
factors for strains and sprains of the LEs were explored
using y* tests. Risk ratios (RR) with 95% confidence in-
tervals (95% CI) are reported. Variables from the uni-
variate analysis with a 2-tailed statistical significance of
P<.05 were further explored as potential independent
risk factors for LE sprain and strain injuries using back-
ward stepping multivariable logistic regression. Multi-
variate logistic regression only considers participants
who had responses to every variable entered into the
model (n=4,525). The variables that were included in the
multivariable logistic regression were: age, BMI, total
distance run per week during personal training, frequen-
cy of resistance training, APFT 2-mile run time, and
APFT sit-up repetitions. Since APFT 2-mile run time
and APFT sit-up repetitions were significantly correlated,
two different multivariate models were compared. One
model included 2-mile run time but not sit-ups and the
other model included sit-up repetitions but not run time.
Statistical significance of less than 0.1 was required for
retention in the model. Multivariate odds ratios (ORs)
and 95% Cls were calculated for each potential risk fac-
tor (independent variables). Results from multivariable
logistic regression were considered significant if P<.05.

RESULTS

Between September 2010 and October 2011, 6,865
male Soldiers completed the survey. Soldiers were an
average of 26.6+5.9 years of age and had an average
BMI of 26.1+3.6 kg/m.> Due to the small number of
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underweight (BMI<18.5) Soldiers (n=58), underweight
and normal weight Soldiers were combined into a single
category (BMI<25). Overall self-reported injury inci-
dence for the 12 months prior to survey completion was
43% (m=2,939 out of 6,865), with nearly half reporting
sprains or strains (48%, n=1,416 out of 2,939). Sprains
and strains were the most common injury type, with
injury-associated pain (not otherwise classified) (11.2%;
n=328 out of 2,939) and breaks/fractures (8.6%; n=253
out of 2,939) reported as the second and third most com-
mon injuries, respectively. Of those reporting sprains
or strains, 62% (n=878 out of 1,416) were to the LEs.
The ankle (36.3%, n=319 out of 878) and knee (35.8%,
n=314 out of 878) were the most commonly sprained or
strained LE anatomic locations. The LE sprain or strain
injuries most commonly occurred while running (30.6%,
n=269 of the 878 responses), performing “other exercise”
(16.5%, n=145 of the 878 responses), or while walking,
hiking, or marching with no load (15.3%, n=134 of the
878 responses). Sprain or strain injuries to the LE were
most commonly caused by falls, jumps, trips, or slips
(49.4%, n=410 of the 830 responses) or overexertion due
to strenuous or repetitive movements (37%, n=307 of
the 830 responses). Limited duty profiles were given to
64% of Soldiers (n=529 of the 833 responses) with LE
sprain or strain injuries. Fifty injured Soldiers did not
respond to the question about length of limited duty. Of
the 479 responses, 48% (n=231) of the limited duty pro-
files were for less than 30 days, 32% (n=153) were for 30
to 60 days, and 20% (n=95) were for more than 60 days.

Table 1 displays the univariate logistic regression results
for the survey variables. Soldiers who were over the age
of 30, overweight (BMI 25-29.9) or obese (BMI>30),
had slower 2-mile run times, or had lower core muscular
endurance (sit-ups) were at a significantly higher risk for
a LE sprain or strain injury. Soldiers who ran over 16
miles per week during personal training or performed
resistance training with their unit three or more times
per week were at lower risk for a LE sprain or strain in-
jury. There was no significant risk of sprain or strain in-
jury associated with age, cigarette use, total distance run
per week during unit training, APFT push-up repetitions,
or frequency of calisthenics, agility training, or interval/
sprint training per week during unit or personal training.

Table 2 displays the results of a multivariable backward
stepping logistic regression for risk factors associated
with LE sprain or strain injuries. Analysis showed that
male soldiers who were overweight or obese had a 20%
and 40% higher risk of a LE sprain or strain injury, re-
spectively. Male soldiers who had slower APFT 2-mile
run times had a 40% (Q2: 14.57-15.58 min) and 60% (Q1:
15.59+ min) higher risk of a LE sprain or strain injury,
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respectively. However, male soldiers who performed re-
sistance training with their units 3 or more times per
week were at 50% lower risk for a LE sprain or strain
injury. Due to a significant correlation between APFT
2-mile run times and APFT sit-up repetitions, a second
multivariable model (not shown) replacing 2-mile run
time with sit-up repetitions was created. That model
showed similar results to the model shown in Table 2,
but revealed that Soldiers who performed fewer than
61 sit-ups have an increased risk of LE sprain or strain
injury (OR 1.4, 95% CI 1.1-1.8, P<.01). Age and total
distance run during personal training were not found to
be independent risk factors for LE sprains and strains.

COMMENT

This investigation identified risk factors for self-report-
ed LE sprain and strain injuries among male US Army
Soldiers in an operational division. Forty-three percent
of Soldiers were injured in the 12 months prior to sur-
vey completion. Studies performed on other military
populations have shown similar overall injury rates
(ranging from 31% to 61%).1*1%1*23 The most common
injury type was sprains and strains, with approximately
62% (n=878) of all sprains and strains occurring to the
LE. Independent risk factors for LE sprains and strains
included higher BMI and lower aerobic fitness (2-mile
run time) and core strength (sit-up repetitions). Perform-
ing resistance training 3 or more times per week during
unit training was found to protect Soldiers against LE
sprains and strains.

In prior studies, the association between BMI and injury
risk have produced inconsistent results. While several
investigations of military populations have shown that
overweight and obese Soldiers are at higher risk for in-
juries,'>!"#42¢ other studies have either reported no as-
sociation between BMI and injury,”® or bimodal asso-
ciations between the lowest and highest BMI categories
and injury."*'>27 These inconsistencies may be explained
by differences in study population and tasks performed
during training or normal duty.

The present study showed an increased risk of LE
sprains and strains among Soldiers with higher BMIs.
There is evidence that increased forces on body tissues
during physical activity due to excess body weight may
explain the association between high BMI and injury
risk.?® Furthermore, Wu et al suggest that greater step
width and higher transversal friction demand in obese
adults could contribute to slip-induced falls.?* Body
mass index is used as an indicator of body fat which
has been shown to adversely affect performance on
physically demanding military tasks.’*** Crawford et
al found that Army Soldiers with 18% or less body fat

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Table 1. Unadjusted risk factors for lower extremity sprain/strain injuries in male US Army Soldiers (N=6,865).

Variable Variable Level n Reported LE Sprain/ Risk Ratio P
Strain Injury (%n) (95% CI) Value

Age (years) <22 1857 11.6% 1.0 -
23-25 1671 13.5% 1.2 (0.98, 1.4) .09
26-30 1741 12.5% 1.1 (0.9, 1.3) 41
>30 1482 14.2% 1.2 (1.0, 1.5) .02
Body mass index <25 (Normal) 2623 10.3% 1.0 -
25-29.9 (Overweight) 3212 13.5% 1.3 (1.1, 1.5) <.01
30+ (Obese) 941 16.7% 1.6 (1.4, 1.9) <.01
Cigarette Use Nonsmoker 3420 13.0% 1.0 -
Smoker 3106 12.5% 0.96 (0.8, 1.1) .52
Years smoking for current smokers Nonsmoker 3420 13.0% 1.0 -
0-5 758 11.1% 0.9 (0.7, 1.1) 15
6-10 1032 12.3% 1.0 (0.8, 1.1) .56
11+ 1246 13.3% 1.0 (0.9, 1.2) .78
Total distance run per week (unit training) <7 miles 2526 12.1% 1.0 -
7.01-16 miles 2817 13.0% 1.1 (0.9, 1.2) .33
16+ miles 510 15.1% 1.3 (1.0, 1.6) .06
Total distance run per week (personal) <7 miles 5048 13.5% 1.0 -
7.01-16 miles 1006 11.3% 0.8 (0.7, 1.0) .06
16+ miles 236 8.1% 0.6 (0.4, 0.9) .02
Frequency of calisthenics per week No Calisthenics 862 11.9% 1.0 -
(unit training) 1-2 times 2855 13.0% 1.1 (0.9, 1.3) 42
3+ times 2634 12.6% 1.1 (0.9, 1.3) .63
Frequency of resistance training per week No Resistance Training 3362 13.7% 1.0 -
(unit training) 1-2 times 2395 12.2% 0.9 (0.8, 1.0) .10
3+ times 562 8.5% 0.6 (0.5, 0.8) <.01
Frequency of resistance training per week No Resistance Training 1972 11.8% 1.0 -
(personal) 1-2 times 2117 13.7% 1.2 (0.98, 1.4) .08
3+ times 2206 13.2% 1.1 (0.95, 1.3) .18
Frequency of agility training per week No Agility Training 3233 13.5% 1.0 -
(unit training) 1-2 times 2478 12.0% 0.9 (0.78, 1.02) .10
3+ times 605 11.4% 0.9 (0.67, 1.1) 17
Frequency of sprint or interval running No Sprint/Interval Training 922 13.8% 1.0 -
per week (unit training) 1-2 times 4584 12.6% 0.9 (0.76, 1.1) 31
3+ times 837 11.8% 0.9 (0.66, 1.1) .20
Frequency of sprint or interval running No Sprint/Interval Training | 4064 12.8% 1.0 -
per week (personal) 1-2 times 2244 12.9% 1.0 (0.87, 1.1) .97
3+ times 499 12.2% 0.95 (0.74, 1.2) .70
Road march total distance per month No Road March 532 11.1% 1.0 -
(unit training) <6 miles 4391 12.8% 1.2 (0.9, 1.5) .26
7+ miles 1331 12.8% 1.2 (0.88, 1.5) .30
APFT 2 mile run time in minutes and seconds | 15.59+ (Q1) 1345 16.7% 1.6 (1.3, 1.9) <.01
(quartiles)* 14.57-15.58 (Q2) 1356 13.6% 1.3 (1.1, 1.6) .01
13.58-14.56 (Q3) 1353 11.3% 1.1 (0.87, 1.3) 46
<13.57 (Q4) 1354 10.4% 1.0 -
APFT push-up repetitions <55 (Q1) 1610 13.2% 1.1 (0.9, 1.3) 43
(quartiles)* 56-66 (Q2) 1652 14.0% 1.1 (0.96, 1.4) 13
67-75 (Q3) 1558 12.0% 1.0 (0.8, 1.2) .85
76+ (Q4) 1529 12.2% 1.0 -
APFT sit-up repetitions <60 (Q1) 1829 14.7% 1.3 (1.1, 1.5) <.01
(quartiles)* 61-68 (Q2) 1492 13.2% 1.2 (0.96, 1.4) 12
69-77 (Q3) 1500 12.0% 1.1 (0.87, 1.3) .58
78+ (Q4) 1506 11.4% 1.0 -

*Q1 indicates low performance; Q4 indicates high performance; APFT indicates Army Physical Fitness Test.
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had significantly better performance on 7
out of 10 fitness tests than Soldiers with

body fat greater than 18%. Crawford et
al suggest that Soldiers with excess body

fat may have performed more poorly on
fitness tests due to physiological fitness
deficits that decrease muscular strength

and aerobic endurance.’® As fat mass is
added, more energy is required to move
body mass and overcome inertia during

acceleration. The extra energy required
to move excess total mass relative to lean
mass may cause overweight Soldiers to
fatigue more quickly than Soldiers in the

low or normal BMI categories when per-
forming similar exercises or tasks, lead-

Table 2. Multivariable logistic regression results for risk factors associated
with lower extremity sprain/strain injuries in male US Army Soldiers (N=4,525).
Variable Variable Level n Risk Ratio P
(95% Cl) | Value
Body mass index <25 (normal) 1833 |1.0 --
25-29.9 (overweight) 2166 [1.2(1.0,1.5)| .05
30+ (obese) 526 |14(1.1,19) | .02
2-mile run times in minutes | <13.57 minutes (Q4) 1183 |1.0 -
and seconds (quartiles) | 13.58-14.56 minutes (Q3) | 1153 |1.2(0.9,1.6) | .18
14.57-15.58 minutes (Q2) | 1111 |14 (1.0,1.8) | .02
15.59+ minutes (Q1) 1078 |1.6(1.3,2.1) | <.01
Frequency of resistance No resistance training 2315 |1.0 -
training (unit training) 1-2 times per week 1814 09(0.8,1.1) | .27
3+ times per week 396 |0.5(0.3,0.8) | <.01
Q1 indicates low performance; Q4 indicates high performance; APFT indicates Army Physical
Fitness Test.
Initial model variables: age, BMI, total distance run per week during personal training,
frequency of resistance training during unit training, and APFT 2-mile run time.

ing to increased likelihood of injury.

As with this study, previous studies of military popula-
tions have also shown that Soldiers with lower aerobic
fitness are at increased risk for injury.'¢17:26:34 Soldiers
with slower 2-mile run times are more likely to have
lower aerobic capacity.”*>*¢ Soldiers with low aerobic
capacity will exercise at a high percentage of maximum
aerobic capacity at any given amount of activity and will
be expected to fatigue more quickly than Soldiers who
are more aerobically fit. Several studies have shown that
muscle fatigue causes changes in posture and gait lead-
ing to increased risk of falls,””*’ a leading mechanism of
sprain and strain injuries in this population. Parijat and
Lockhart found that bilateral LE fatigue may increase
the likelihood of slip-induced falls by significantly alter-
ing heel contact velocity, transitional acceleration in the
forward direction, and friction demand.?® Other studies
have shown that fatigue can cause ligament laxity," dec-
rements in proprioception,* alterations to balance***
and muscle activity,* and decreases in joint stability.*+¢

Our finding that Soldiers who participated in resistance
training 3 or more times per week were at decreased risk
for LE sprain and strain injury is consistent with other lit-
erature. Research by Costain and Williams suggests that
imbalances in the ratio of muscular strength between ag-
onist and antagonist muscles across a joint (such as the
quadriceps and hamstring) may increase injury risk.?
Several studies suggest that improving muscle perfor-
mance will aid in musculoskeletal alignment by promot-
ing the growth and strength of muscles, tendons, liga-
ments, joint cartilage, tissue to bone connections, and
connective tissue sheaths within the muscle.**° Willson
et al’' and Leetun et al>* suggest that due to the relation-
ship between core trunk muscle activity and LE move-
ment, improving core stability through strength training
may decrease rates of back and LE injury. Concurrent
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with aerobic training, resistance training improves load
bearing performance and heavy lifting tasks,™>* and
increases both short and long term aerobic capacity.”
To date, several studies have shown that neuromuscular
training programs, including resistance training, may
reduce injury risk in young athletes and Soldiers.?¢48:56-59
Unfortunately, it is difficult to compare these studies
because programs were not standardized (eg, different
length of exposure, different exercises) and were admin-
istered in different populations (eg, military members
vs athletes). Most of the published studies combine neu-
romuscular, proprioceptive, and sensorimotor training
methods to reduce injury, making it difficult to deter-
mine specific elements of the program that reduce injury.

One limitation of this project is that all data were col-
lected via survey and personal characteristics, injuries,
and physical training activities are self-reported, which
may result in some recall bias. However, previous stud-
ies have shown that the validity of self-reported recall
of injury among athletes is acceptable.®**' One study
showed that within the past 12 months, recall was 80%
accurate for body region injured and 61% accurate for
number, body region, and exact diagnosis of each injury
sustained.®® Subjects were also asked to estimate how of-
ten they had performed specific tasks in the previous 6
months. In an environment where duty requirements and
training patterns can vary from week to week, activity
patterns may have fluctuated during a 6-month period.
Some subjects also did not answer all of the survey ques-
tions. Another limitation is the restriction to only male

subjects. While only 13.5% of active duty Army Soldiers

were female in 2011, future research on LE sprain and
strain injury risk factors should include female subjects.

This is the first study to assess risk factors specific to
LE sprain and strain injuries in a military population.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Although the findings of this study are most applicable
to other military populations, we would expect the gen-
eralities of these results to be applicable to other young
male populations engaged in varied physical training
or occupational activities. While some activities may
appear unique to the military, many have counterparts
to those of civilian populations. General categories of
activities include general physical fitness training, lift-
ing and carrying objects, pushing and pulling, digging,
and movement from one location to another on foot in-
cluding running or walking with or without an external
load. In the general population, it has been estimated
that medical and physical therapy treatments for acute
ankle sprains can range from $490 to $4,662 depending
on the severity and time lost from work. Therefore, even
a small reduction in LE sprains and strains could result
in substantial savings to the Department of Defense.*

CONCLUSION

In a population of physically active young men, risk fac-
tors for LE sprain and strain injuries included higher
BMI, and lower aerobic fitness and core strength. Resis-
tance training performed 3 or more times per week dur-
ing unit training was found to be protective against inju-
ry. Sprain and strain injuries, particularly to the LEs, are
one of the most common, debilitating, and costly sourc-
es of injury in the military. Moreover, LE sprains and
strains are a significant source of injury among physi-
cally fit young men across various sports, occupations,
and recreational physical fitness activities. The identi-
fication of risk and protective factors for this leading
injury type will inform the development of more effec-
tive, focused injury prevention programs for physically
active adults. Future injury prevention programs should
focus on (1) maintaining a healthy BMI, (2) improving
aerobic fitness, (3) improving muscle strength, particu-
larly core muscle strength, and (4) addition of resistance
training to weekly training regimens. Although this
study identifies several risk and protective factors for
this leading injury type in active populations, continued
research is warranted. Future research should focus on
the effectiveness of existing injury prevention programs.
Special attention should be shown to how interventions
impact the physiological characteristics that lead to in-
jury, the effectiveness of interventions across diverse
groups (military versus civilian or men versus women),
and how interventions may be specifically targeted to
maximize injury reduction in each unique population.
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ABSTRACT

Background: US Army initial entry training (IET) trainees engage in intense physical activities for 10 or more
weeks prior to their assignment to operational units. Many trainees succumb to injury during [ET. Injuries to
the lower extremities and back have historically been the most common, and thus have been the focus of routine
health surveillance.

Objectives: The primary goal of this analysis was to verify the training-related injuries of greatest concern
and to update the clinical diagnostic codes (ICD-10-CM) used in surveillance. The investigation also aimed to
develop a sense of the financial magnitude of these injuries.

Methods: The distribution of all IET injuries was determined using a comprehensive injury taxonomy. Injuries
were categorized based on causal energy source (mechanical, thermal, radiant, nuclear, chemical, or electrical).
Mechanical energy transfers included acute trauma and cumulative microtrauma (“overuse”). Injury ICD-10-
CM codes were identified in calendar year 2016 IET trainees’ electronic healthcare records. Injury frequencies
were reported for gender, body region, and injury type. Costs were calculated from medical encounters and
estimated lost training time using the most frequently injured anatomical site as a baseline.

Results: Among 106,367 trainees, 65,026 separate injuries were identified. Mechanical energy transfers to
lower extremities caused 75% of all injuries; most (65%) were cumulative microtraumatic. The most frequently
injured anatomical site (the knee, 20% of injuries), is estimated to have cost over $39 million.

Conclusions: Lower extremity injuries, followed by those of the low back continue to be leading “training-
related injuries.” This suggests the need to ensure distances and/or frequencies of weight-bearing activities
(running, foot-marching) are not increased too rapidly or too excessively, and that trainees’ fitness prior to [ET

is adequate. Medical costs and lost training time should be included in future monitoring.

United States military basic training, officially called
initial entry training (IET) and informally called “boot
camp,” prepares recruits and other newly entering men
and women for the physical, mental, and emotional ele-
ments of military service.'? Each of the armed services
has its own tailored version of the IET program.' For
each service, the IET program involves intense physical
activities in sometimes austere environments for several
weeks. During IET, trainees engage in activities such
as weapons use, land navigation, combatives (a form of
martial arts), medical aid, and obstacle course drills.!2#
Trainees seek medical evaluation for a variety of physi-
cal injuries including foot blisters,** exertional heat in-
juries,”® and numerous musculoskeletal diagnoses.**°-1°
Because the trainees experience known exposure condi-
tions and a relatively standardized set of activities, they
are frequently the subject of epidemiological studies.*'°

The US Army’s IET program is the primary component
of its overall initial military training process designed to
produce disciplined, motivated, and physically fit enlist-
ed Soldiers.? Army enlistees must successfully gradu-
ate from IET prior to assignment to an operational unit
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within the Active Army, Reserve, or National Guard.
The IET begins with a 10-week Basic Combat Training
(BCT) program, followed by additional weeks of spe-
cific occupational training (Advanced Initial Training)
at a different location. In certain combat occupations,
the full IET program is combined at one location as One
Station Unit Training (OSUT). After successful comple-
tion of the third phase of IET (graduation from BCT or
10th week of OSUT), trainees are officially authorized to
be referred to as “Soldiers.”? Prior to this authorization,
the trainees are often referred to as “basic trainees.”

Army basic trainees and Soldiers spend a substantial
portion of their training time on their feet conducting
vigorous weight-bearing activities such as running, pa-
trolling, and ruck marching.>* These weight-bearing
activities are fundamental military skills that increase
individual fitness, yet are also the primary cause of mil-
itary overuse injuries.>*"*?! The literature has consis-
tently described the lower extremities as the most com-
monly injured body region among Army basic trainees
and Soldiers.*#!6222* To address this, the Army officially
implemented the Physical Readiness Training (PRT)

http://www.cs.amedd.army.mil/amedd_journal.aspx
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regimen in 2010% to reduce the volume (distance and
frequency) of running in training programs as part of
an evidence-based injury reduction strategy.*'***" Al-
though the PRT may have reduced some injuries among
basic trainees, lower extremity overuse injuries contin-
ue to be problematic. For example, it is estimated that
such injuries account for 80% of the disability-related
discharges among Army basic trainees.”® While not
fully characterized in past studies, the fiscal impact of
these injuries, including direct medical treatment costs
as well as the indirect costs associated with lost or re-
stricted training time, is thought to be enormous.*** The
Army’s loss of investment to these “training-related in-
juries” is a tremendous burden that has been described
as “the single most significant medical impediment to
military readiness.”?

The US Army routinely monitors training-related in-
juries using the International Classification of Disease
(ICD) clinical diagnosis codes in basic trainees’ elec-
tronic healthcare records (EHR).'"*!>?*3" These analyses
are provided as training-related injury reports (TRIRs)
to IET unit leadership to help identify injury problems.!*
Instead of describing all potential injuries attributed
to training activities, the TRIR focuses exclusively on
those injuries considered to be of the greatest magni-
tude, specifically those to the lower extremities and low-
er back."*!"* The ICD codes selected for the initial TRIR
over a decade ago were from the ICD Version 9 Clinical
Modification (ICD-9-CM). Since then, not only have the
codes used in the EHR been expanded and updated to
ICD-10-CM,? there have also been changes to training
procedures and basic trainee demographics.?*-3

This analysis verifies the magnitude of the lower ex-
tremity and back injuries in the context of all injuries
currently experienced by Army basic trainees by ap-
plying a comprehensive injury taxonomy to the ICD-
10-CM codes now used in basic trainees’ EHR. The
selected set of ICD-10-CM codes updates the Army’s
definition of “training-related injuries.” This investiga-
tion also proposes an approach to estimate the financial
effect of these injuries.

METHODS

This project was a descriptive epidemiologic analysis
of one year (2016) of Army trainee medical records ap-
proved as public health monitoring by the Public Health
Review Board of the US Army Public Health Center.
Injuries were determined using a comprehensive list
of ICD-10-CM “injury codes”in trainees’ EHR.? The
ICD codes were categorized using an injury taxonomy
that grouped injuries based on the type of causal energy
exposure (ie, mechanical, thermal, radiant, electrical,
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chemical, biological, and nuclear/radiological).”’ Expo-
sure groups were further grouped and subcategorized.
For example, mechanical energy injuries were grouped
into acute traumatic injuries resulting from a single high
intensity force and cumulative microtraumatic (overuse)
injuries from repeated lower intensity forces. These
were further subcategorized to those affecting the mus-
culoskeletal (MSK) system or other (non-MSK) system.
Nonmechanical energies were subdivided in environ-
mental, poisons, nonenvironmental, and other catego-
ries. Environmental exposures included injuries result-
ing from thermal and radiant energy (ie, heat stroke and
heat exhaustion).”

This study defined each “training-related injury” as
the first or incident occurrence of an injury ICD-10-
CM code documented as a primary diagnosis in an [ET
trainee’s EHR during calendar year (CY) 16. Trainees
may have multiple medical encounters for the same
injury during the IET program. If not otherwise speci-
fied, after an individual’s first medical encounter with a
specified ICD-10-CM code, 30 days had to lapse before
it could again be counted as an “incident injury.”

The population included 106,367 trainees who were en-
rolled in either the BCT or OSUT Army IET program
at any time during the CY 2016, based on the Army
Training Requirements and Resources System. Ad-
vanced Initial Training trainees were not included due
to difficulties identifying rosters. For purposes of the
investigation, the trainees are referred to as IET basic
trainees. Electronic health care records (hospitalized/
emergency room and outpatient clinic visits) were re-
trieved from the Defense Medical Surveillance Sys-
tem (DMSS). The Armed Forces Health Surveillance
Branch (AFHSB) linked the identified trainees’ training
dates to their medical encounter data. Incident injuries
were calculated for all IET basic trainees and for both
genders. Descriptive results were organized as incident
injury frequencies by energy exposure category, general
and specific body region, and injury type.*

Direct medical costs were extracted from the Military
Health System Data Repository files using the Military
Health System Mart interface. The direct costs included
the total paid by the military healthcare system (pro-
vider costs, diagnostics and lab costs, medicines) for
the trainees’ initial injury encounters and any CY 2016
follow-up and sequelae visits. Given the resources avail-
able, the scope was limited to the extraction of primary
ICD-10-CM diagnoses for only the most frequently in-
jured anatomical site. Indirect costs were calculated as
the total incident injuries for that anatomical site, mul-
tiplied by the average salary for the lowest paid basic
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Table 1. Distribution of Total Injuries* (N=65,025) by Type of Energy Transfer, Army CY 2016 IET (BCT/OSUT) Trainees.
Exposure Type: Energy Body No. of % Total No. of Men Women
Energy Category Subcategory System Injuries | Injuries | Trainees No. of No. of No. of No. of
(%N) | Injured | njyries | Injured | Injuries | Injured
All 62,672 96 33,005 41,635 22,990 21,037 10,015
All 10,567 16 8,435 6,795 5,524 3,772 2,911
Acute Trauma Non-MSK 4,007 6.2 3,577 2,825 2,541 1,182 1,036
Mechanical MSK 6,560 10 5,273 3,970 3,206 2,590 2,067
) All 52,105 80 29,294 34,840 20,250 17,265 9,044
Cumulative Non-MSK 3,432 53 3,014 | 1954 | 1,755 | 1478 | 1,259
Microtrauma
MSK 48,673 75 27,478 32,886 19,105 15,787 8,373
All 1,574 2.4 1,339 1,025 854 549 485
Thermal/Radiant 1,542 2.4 1,308 1,006 835 536 473
Environmental Pressure 0 0.0 0 0 0 0 0
Cold 32 0.0 32 19 19 13 13
Electrical 0 0.0 0 0 0 0 0
All 154 0.2 124 109 90 45 34
Poisons Drugs 51 0.1 37 27 20 24 17
Chemicals 41 0.1 30 27 20 14 10
Toxins 62 0.1 59 55 52 7 7
All 97 0.1 87 71 64 26 23
Nonenvironmental Nuclear/Radiation 0 0.0 0 0 0 0 0
Thermal (burns) 97 0.1 87 71 64 26 23
Electrical 0 0.0 0 0 0 0 0
All 528 0.8 490 348 320 180 170
Operative/Medical Accidents 0 0.0 0 0 0 0 0
Operative/Medical Complications 33 0.1 33 22 22 11 11
e Unspecified/Multiple Injuries 176 0.3 174 110 110 66 64
Lack of Essential Element(s) 71 0.1 69 43 42 28 27
Abuse /Intentional 48 0.1 47 27 26 21 21
Other Foreign Body/Food 25 0.0 13 23 11 2 2
Other Reaction to External Cause 175 0.3 158 123 113 52 45
Total Injuries 65,025 100 35,045 43,188 24,318 21,837 10,727
*Initial encounters (up to sixth digit, 30-day gap rule); data from DMSS, January 2, 2018; prepared by AFHSB.

trainee (E1 rank and less than 4 months of service, $103/
day)*' multiplied by a 30-day lost duty or training time
(LTT) estimate. The 30-day LTT is a low end conser-
vative estimate based on the 30 to 120 days of the lost
duty for various mechanical energy injuries described
by Ruscio et al,** and a more recent average estimate of
39 limited duty days per injury.*

RESULTS

There were 65,025 incident injuries among the 106,367
Army basic trainees (21,273 women and 85,094 men).
This means an average 61 injuries occurred per 100
trainees. The incidence was higher among women than
men (82 versus 54 injuries per 100 trainees). The 65,025
incident injuries occurred among only one third of the
trainees (35,045/106,367). On average, each injured
trainee sought medical evaluation for approximately 2
separate injuries during CY 2016 (1.9 all, 1.8 men, and
2.0 women).
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The vast majority of the basic trainee injuries (96%)
were the result of a mechanical energy transfer with 75%
from cumulative microtraumatic damage to the MSK
system (Table 1). Most injuries (75%, Table 2) occurred
to a lower extremity, most frequently the knee (19.5% of
all injuries), followed by the hip (14%), the ankle (12%),
and the foot/toe (12%). The highest percentage of acute
injuries occurred to the ankle (3.7%). Aside from the
lower extremities, some notable injuries involved the
lower back (4.3% cumulative microtraumatic; 0.4%
acute trauma), followed by the shoulder (3.5% cumula-
tive microtraumatic; 0.9% acute trauma).

The largest portion of injuries were in the injury-type
category of “MSK Tissue Damage, Other” (Table 3). Di-
agnoses in this category included specific overuse inju-
ries (ie, iliotibial band syndrome (leg), patellar tendinitis
(knee), chondromalacia (knee), and plantar fascial fibro-
matosis (foot), but the largest portion (>90%) were for
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Table 2. Injuries from Mechanical Energy Transfer@ by Body Regions, Army CY 2016 |IET (BCT/OSUT) Trainees.
General % Total | % Acute | % Nontraumatic Specific % Total % Acute | % Cumulative | Rank
Body Region Injuries | Traumatic (%N) Anatomical Site Injuries | Traumatic | Microtraumatic
(%N)P (%N) (%N)P (%N) (%N)
Traumatic Brain Injury 0.2 0.2 0.0
Other head 0.9 0.9 0.0
Face 0.3 0.3 0.0
Head and Neck 2.0 2.0 0.0 Eye 0.3 0.3 0.0
Ear 0.3 0.1 0.0
Neck 0.1 0.1 0.0
Head/Neck, Other 0.0 0.0 0.0
Back, Upper 0.6 0.0 0.5
. Back, Middle 0.5 0.0 0.5
Spine and Back 7.3 0.4 6.9 Back, Lower 45 04 4.2 5
Back, Other 1.7 0.0 1.7
Chest 0.6 0.5 0.0
Abdomen 0.1 0.1 0.0
Torso L6 09 06 Pelvis 0.9 0.3 0.6
Trunk, Other 0.0 0.0 0.0
Shoulder 4.4 0.9 3.5 6
Arm, Upper 0.3 0.2 0.1
Elbow 0.9 0.3 0.6
Upper Extremity 10 3.7 6.4 Arm, Lower 0.4 0.3 0.1
Wrist 11 0.3 0.9 10
Hand, Finger 2.5 1.7 0.9 9
Arm, Other 0.4 0.0 0.3
Hip 14.0 0.8 13.0 2
Leg, Upper 3.6 0.7 2.9 8
KneeC 20.0 1.3 18.0 1
Lower Extremity 75 9.3 65 Leg, Lower 9.8 2.1 7.7 4
Ankle 12.0 34 8.7 3
Foot, Toe 12.0 1.0 11.0 3
Leg, Other 3.9 <0 3.9 7
System-wide <0 0.0 <0
Other 1.2 -- Multisystem 0.3 <0 0.3
Unspecified 0.9 0 0.9
dlnitial encounters (up to sixth digit, 30-day gap rule); data from DMSS, January 2, 2018; prepared by AFHSB.
bPercentage of total injury values are calculated on total injuries (N=65,025), rounded to 2 significant digits. After rounding, the sum of percentage
values is approximately the proportion of total injuries from mechanical energy transfer (n= 62,672, 95.8% N).
€ Knee is anatomical site with largest portion of overall injuries and cumulative microtraumatic injuries but was fourth in acute injuries after ankle; lower
leg; hand, finger.

nonspecific pain syndromes to specific anatomical sites
such as “pain in knee,” pain in back,” etc.

Approximately 20% of the basic trainees CY 2016 in-
cident injuries were to the knee (12,706 knee incident
injuries/65,025 all incident injuries). These injuries
were experienced by approximately 13% of the train-
ees (n=13,889/106,367), who required a total of 36,875
knee-related medical encounters during CY 2016. Less
than 1% of these were inpatient encounters. The total di-
rect cost for these knee-related medical encounters was
$4,989,869. Eighty percent of these costs ($4,017,626)
were due to cumulative microtraumatic injuries. Based
on the proposed methodology, an estimate of indirect

costs attributed to these knee injuries is $39,261,540
(12,706 incident injuries 30 days LTT x $103/day).

COMMENT
Injury Types

For the first time, all injuries clinically diagnosed
among Army IET basic trainees have been identified
in categories that demonstrate the different causes of
injuries. Categories include: mechanical energy acute
traumatic injuries (eg, sprained or fractured ankles, dis-
located shoulders, broken teeth); mechanical energy cu-
mulative microtraumatic overuse injuries (eg, knee and
back pain syndromes, plantar fasciitis, stress fractures);
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Table 3. Injuries from Mechanical Energy Transfer@ by Injury Type, Army CY 2016 IET (BCT/OSUT) Trainees.
Primary Injury Type % Total Injuries % of Cumulative Primary Injury Diagnoses
System (%N) Microtraumatic Injuries
Affected Within Type of Injury

Fracture 4.7 67 Stress fractures (ie, leg, hip, pelvis)
Dislocation 0.3 <0 Shoulder
Sprain/Joint Damage 4.5 1.0 Sprained ankle
Strain/Tear 3.2 0.3 Strained muscle or tendon
MSK Tissue Damage, 72 99 Pain in knee, hip, leg, foot, ankle low back
MSK System | Other Dorsalgia
lliotibial band syndrome
Patellar tendinitis
Chondromalacia
Plantar fascial fibromatosis
Cervicalgia
Amputation and Crush 0.1 0 Fingers
Internal Organ and 0.3 0 Traumatic Brain Injury
Blood Vessel
Open Wound 1.0 0 Head and neck
Hands
Nerve 0.3 80 Brachial plexus disorders
II\\/llo?t-'MStK or Carpal tunnel syndrome
ultisystem Sciatica
Contusion/Superficial 8.8 55 Foot blisters
Tissue Damage, Other 0.8 0.5 Tinnitus & Hearing loss
Teeth
Other/unspecified
|nitial encounters (up to sixth digit, 30-day gap rule); data from DMSS, January 2, 2018; prepared by AFHSB.
bPercentage of total injury values are calculated on total injuries (N=65,025), rounded to 2 significant digits. After rounding, the sum of
percentage values is approximately the proportion of total injuries from mechanical energy transfer (n= 62,672, 95.8% N).

environmental injuries (eg, heat stroke, frost bite), poi-
sonings; nonenvironmental injuries; and other injuries
from external causes.”-’

The results clearly highlight the primary source of the
Army’s injury problem during IET: 96% of the injuries
resulted from mechanical energy transfers. The next
most substantial cause (environmental heat-related ener-
gy transfers) was responsible for only 2.4% of the over-
all injuries. The vast majority of mechanical injuries
are to the MSK system (85%), of which most (75%) are
cumulative microtraumatic injuries caused by repeated
low intensity forces. Whereas minor damage caused by
these forces can stimulate the remodeling and strength-
ening of muscle, skin, and bone tissues, the damage will
accumulate if the magnitude and/or frequency is exces-
sive.*® This results in an overuse injury for which the
tissues cannot heal without a recovery period.

Body Regions Injured

Consistent with previous studies, this study also found
that the majority (75%) of Army IET mechanical energy
injuries are to the lower extremities. This includes the
top 5 injured anatomical sites: knees (1), hip (2), ankles
and feet (3, tied), and lower legs (4). This makes physi-
ological sense since trainees spend so much time on
their feet conducting weight-bearing activities such as
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running and ruck marching.*'**° Injuries and pain syn-
drome in the lower back region (4.5%) may be partially
explained by the energy transferred from the ground
through the lower extremities. The shoulder (4.4%), the
next most commonly injured region, would likely not
be explained by these body weight-bearing activities.
The donning or doffing of ruck sacks and other lifting or
pulling training activities that might cause such injuries
require further evaluation.

The most common injury diagnoses among the Army
IET trainees were nonspecific pain syndromes in a spe-
cific anatomical site, ie, “pain in knee.” While trainees
are expected to experience some muscle soreness as
they adapt to new physical stress, when the pain hinders
normal activity and requires medical evaluation it is an
injury.** It is recognized, however, that not all IET train-
ees will seek medical evaluation for pain, even when a
specific injury is evident.!>?°

Costs

Injuries to the knee alone represented approximately
20% of the CY 2016 IET (BCT/OSUT) injuries. The
total direct and estimated indirect costs for these knee
injuries were over $40 million. Over 80% of these costs
were attributed to outpatient overuse injuries, which re-
quired an average of 2 medical encounters. Because the
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indirect cost is largely influenced by the LTT incurred
by those injured, we used a low end, conservative 30-
day LTT and the lowest rank to determine pay. Though
the amount of lost or limited duty can vary substantially
depending on the type of injury, the 30-day estimate is
below the estimated average time lost to injuries. Ruscio
et al** found a range of 30 to 120 days of lost or limited
duty for different types of mechanical injuries. More
recently, Army survey data found that, on average, an
injury was attributed to 39 days of limited duty. The
data described a range of 17 to 135 days attributable to
mechanical injuries compared to 3 to 11 days lost to heat
and cold injuries.*> Among acute injuries, fractures may
limit duty for 73 to 120 days, strains/sprains for 18 to 30
days, dislocations for 35 days, tears or ruptures for up
to 61 days, and bruises/contusions for 17 days.?** Lost
duty or training time estimates attributed to overuse in-
juries include 19 days for tendonitis, 30 days for blisters,
46 days for unspecified pain, 69 days for fasciitis, up
to 135 days for bursitis.*? Basic trainees who experience
these injuries are typically removed from training into
a rehabilitation program for recovery until such time as
they can “recycle” back into the BCT/OSUT program.?

Injury cost estimates are primarily attributed to indirect
costs. Since the 30-day LTT is a conservative estimate
for mechanical injuries, the calculated cost of knee inju-
ries ($40 million, 20% of all injuries) can be used to es-
timate the cost of the other 80% of trainees’ mechanical
energy injuries. Based on this assumption, injuries to
basic trainees cost the Army over $200 million annually,
and most of this ($150 million) is due to lower extremity
injuries. These are low-end estimates and do not include
less frequent but extremely costly injuries (eg, pelvic,
hip, and lower-extremity stress fractures) among train-
ees that sometimes even result in separation and long
term medical compensation.*** Though they represent a
substantial loss to the Army’s investment, the cost of in-
juries may not be adequately recognized by unit leaders.

CONCLUSION

Injuries among IET trainees not only cost the Army mil-
lions of dollars annually, they detract from both training
efficiency and force strength. The use of a standardized
injury taxonomy refines the operational definition of
“training-related injuries” to promote the comparabil-
ity of future surveillance and intervention investiga-
tions. Of particular value, the taxonomy provides the
causative source of the energy exchange, a critically im-
portant aspect of understanding the etiology of injuries
in a population. This helps set priorities and focus on
energy transfers that are the most important to prevent.
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Based on this investigation’s application of the taxono-
my, the Army should continue focusing its monitoring
on lower extremity and low back MSK injuries, which
are the most common injuries. Injury interventions may
include modifications to intrinsic or individual factors
as well as extrinsic measures (changes to training activi-
ties, equipment).'’

Though this study did not assess the personal character-
istics of injured IET trainees, prior studies have attribut-
ed higher risk of injury to certain modifiable conditions
or behaviors. For example, Jones et al’® summarizes
Army studies that demonstrate the relationship of higher
injury risks with poor aerobic fitness (cardiovascular en-
durance), extremely high as well as extremely low body
mass index, sedentary lifestyle prior to IET, and tobacco
use. In addition, trainees may develop a more serious in-
jury if they ignore early signs of an injury for a number
of reasons, ranging from high-motivation to leadership
use of additional physical activity such as running or
push-ups as a disciplinary action.

Though the Army has already doctrinally decreased
the volume of running required for physical training,**
this study shows that lower extremity overuse injuries
are continuing to impede the effectiveness of Army ba-
sic training. Further attention on the amount (distances,
weights), intensity (speed), and frequency of weight-
bearing activities conducted by trainees is warranted.
For example, distance running and ruck marching train-
ing activities should not be conducted on consecutive
days, and/or marches may need to be reduced in distance
or frequency."* Unit leaders and drill sergeants should
be encouraged to monitor injury rates and adjust the
frequency and duration (volume) of running and ruck
marching to continuously reduce injury risks. Changes
to training activities designed to reduce lower extremity
injuries, however, must be balanced to avoid increasing
injuries to other body regions such as the lower back or
shoulders.
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Human Papillomavirus Incidence and
Sexually Transmitted Coinfections
Among US Military Recruits (2009-2015)

Sexually transmitted infections (STIs) remain signifi-
cant diseases of major concern to the US military due
to the serious postinfectious complications that dimin-
ish readiness and health protection.! Among US mili-
tary personnel during the period 2007-2016, Chlamydia
trachomatis (chlamydia) was the most commonly diag-
nosed STI, followed in descending frequency by geni-
tal human papillomavirus (HPV), Neisseria gonorhoeae
(gonorrhea), herpes simplex virus (HSV), and syphilis.?
In the United States, one in 4 persons are infected with at
least one type of HPV.> The majority of cancers caused
by HPV involve one of 2 types: 16 or 18.*> Of all cancers,
cervical cancer is most commonly linked to HPV and
is the second leading cause of mortality among women
between the ages 20 to 39.° Although the Food and Drug
Administration (FDA) approved an HPV vaccine that
is also recommended by the Advisory Committee on
Immunization Practices (ACIP), HPV vaccine uptake
rates remain consistently below®?® Healthy People 2020
goals of 80%.? Further, Department of Defense Instruc-
tion 1010.10'° and the President’s Cancer Panel!' sup-
port these goals which are committed to reducing any
missed opportunities for cancer prevention. These sta-
tistics underscore the need for improved HPV vaccine
uptake as a primary prevention tool among military re-
cruit populations.

Although most STIs remain undiagnosed, genital HPV
infection is very prevalent'? with an estimated 79 mil-
lion persons infected within the United States.> Almost
half of all new infections occur among adolescents aged
15-24 years.!> From 2003-2006, HPV prevalence was
as high as 42.5% among females aged 14-59 years,"”
with the majority of cases between ages 20-24 years
(53.8%)."* Studies have revealed that HPV infection will
occur within a few years of becoming sexually active.®
It should be noted that detection of HPV deoxyribonu-
cleic acid (DNA) is only adequate at indicating a current
infection and provides no insight into prior infections
that have cleared.
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Transmission of HPV is primarily through genital con-
tact by sexual intercourse or other intimate contact (eg,
oral-genital or genital-genital).”" Nonsexual routes of
genital HPV transmission are less common (eg, intra-
partum transmission).”” Of note, most data on the natu-
ral history of HPV are obtained from cervical infection
studies. Further, the most consistent predictors of infec-
tion have been measures of sexual activity (eg, number
of sex partners).”'** However, even one lifetime sex part-
ner may be a risk factor for infection. For example, one
prevalence study found that HPV infection was 14.3%
among women aged 18-25 years who had one lifetime
sex partner, 22.3% among women with 2 lifetime part-
ners, and 31.5% among those with 3 or more partners.*

Interestingly, studies have demonstrated that HPV sero-
prevalence is actually low (1% to 8%) in late adolescence,
but increases with age, reaching 15% to 35% seropreva-
lence by age 40.> The cumulative incidence among men
has been reported to be as high as 62.4%.% Although
men seem to have a relatively constant incidence, wom-
en display increased risks for HPV acquisition as age
increases until a peak in the early 20s.?” However, acqui-
sition of HPV may be accelerated in populations with a
higher proportion of sexually active individuals such as
in young, military populations.”®* Among active duty
(AD) females, HPV seroprevalence has been reported to
be as high as 45% to 51%.% Among AD men, it has been
reported that more than one-third of service members
seroconverted to one or more of the HPV serotypes.?

Most infections are transient and asymptomatic such
that 70% of individuals will clear HPV infection
within one year, while up to 90% will clear infections
within 2 years, especially in younger age groups.?'=*-32
Median duration of new infections can extend up to 8
months.'®22732 Oral HPV infections are less common,
but time to clearance appears to be similar.**** However,
immunocompromised individuals (such as those with
HIV infections) display higher rates of HPV acquisition
and progression to disease.*
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Genital HPV is also associated with genital warts (GW),
a comorbidity that significantly contributes to the bur-
den of health care costs. Alarmingly, more than 300,000
cases of GWs occur in the United States yearly with a
combined estimated cost of $8 billion.*® Similarly, HPV
is one of the most common viral STI detected among US
service members.”” During the period 2007-2016, the in-
cidence rate of genital HPV infections was 37.2/10,000
person-years (p-yrs) among women and 199.6/10,000
p-yrs among men.? To put this in perspective, the num-
ber of health care visits due to HPV alone among AD
service members was greater than gonorrhea and chla-
mydia combined.” Given the morbidity and mortal-
ity associated with HPV, prevention offers a very real
and relevant benefit. It has been reported that preven-
tion of GWs and cancers resulting from HPV infection
decreased health care system burdens and associated
long-term healthcare costs.’® Yet, there is a paucity of
data describing the incidence of HPV with STI coinfec-
tions among military recruit trainees who may be at risk
for this vaccine-preventable disease. In this study, we
aim to describe the incidence rate of HPV infection and
characterize STI coinfections during recruit training in
order to illustrate potential comorbid risks and yearly
trends within this unique at-risk population.

METHODS

A retrospective cohort analysis was performed using data
from the Defense Medical Surveillance System (DMSS),
the Armed Forces Health Surveillance Branch (AFHSB),
Defense Health Agency, Silver Spring, Maryland (2009
to 2015; data released May 23, 2016). The DMSS data
is derived and managed by the AFHSB, which links
several military data sources including electronic medi-
cal encounters, reportable medical events, demographic,
and service records for US military service members.
Personnel records were used to identify recruits enter-
ing recruit training from October 1, 2009 to September
16, 2015. Recruits were defined as new members of the
Army (ranks E1-E4), and Navy, Air Force, or Marine
Corps (ranks E1-E3) who served at one of 9 basic train-
ing locations during a service-specific training period.
Demographic and military service data (age, sex, mari-
tal status, and race/ethnicity) were obtained from DMSS
for each recruit. Depending on the service, recruit train-
ing ranged from 56 to 63 days. Information on several
demographic characteristics of the recruit trainees was
also obtained.

Reportable medical events and medical encounter data
from October 1, 2009 to September 16, 2015 among re-
cruits during their recruit training period were used to
identify diagnoses of HPV; the surveillance period for
STI diagnoses was extended until September 30, 2015.
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The cases of documented STI coinfections were identi-
fied by the ICD-9 CM diagnoses:

» HPV — ICD-9 CM: 078.11, 079.4, 795.05, 795.09,
795.15, 796.75, 796.79

» chlamydia — ICD-9 CM: 099.41, 099.5

» genital HSV — ICD-9 CM: 054.1

» acute gonorrhea — ICD-9 CM: 098.0x, 098.1x,
098.4x, 098.8x

» primary syphilis — ICD-9 CM: 091.x

An incident case of HPV was defined as a first occur-
rence of an ICD-9 CM code consistent with HPV in-
fection recorded in either the first or second diagnostic
position in a medical record of an outpatient encounter.
Incidence rates of HPV infection per 1000 p-yrs were
calculated and summarized by service and demographic
characteristics. A subanalysis was conducted to deter-
mine the calculation of HPV incidence rates for specific
DNA testing codes (ICD-9 CM codes: 795.05, 795.15,
795.09, 796.75, and 796.79) in conjunction with Papani-
colaou test. This subanalysis was undertaken to allow
comparisons by sex and branch of service of HPV in-
cidence rates in cases based on confirmation of DNA
testing versus HPV incidence rates in cases without
laboratory confirmation. For each HPV case, diagno-
ses of chlamydia, genital HSV, gonorrhea, and primary
syphilis coinfections, occurring within the 14-day win-
dow before and after the incident HPV diagnosis date,
were obtained. The number and proportion of STI coin-
fections among incident HPV cases was defined as the
number of a STI coinfection (numerator) over the total
number of HPV cases (denominator). The number and
percentage of incident HPV cases with a STI coinfec-
tion was stratified by demographic characteristics and
specific branch of service.

RESULTS

The majority of recruits were below the age of 25 years
(90.6%), single (90.0%), white non-Hispanic (58.1%), and
male (83.6%) (Table 1). The overall incidence of HPV
infection was 4.1 per 1,000 p-yrs among all military re-
cruits during the study period, 2009-2015 (Table 2). The
older age groups had higher HPV incidence rates reach-
ing a peak of 42.5/1,000 p-yrs in the 35-39 age group.
The highest incidence of HPV infection was noted
among married recruits (6.3 per 1,000 p-yrs) compared
to the single or other marital status categories, among
black non-Hispanic recruits (6.4 per 1,000 p-yrs) com-
pared with other race/ethnic groups, and among females
(19.0 per 1,000 p-yrs) (Table 2). When comparing inci-
dence rates of HPV among military services, the Navy
(14.4 per 1,000 p-yrs) demonstrated the highest rates
while the Air Force (0.7 per 1,000 p-yrs) had the lowest.
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The Navy had an unusually high HPV incidence
rate among those aged 30-39 years (150.0 per 1,000
p-yrs). Upon stratification by calendar year for the
period 2009-2016, HPV incidence rates overall did
not show a consistent pattern or apparent trend, with
rates ranging from 2.52 to 5.95 per 1,000 p-yrs, and
with the highest rates in the Navy (Table 3).

Overall HPV incidence rates by calendar year based
on ICD-9 CM DNA testing codes revealed similar
findings to rates based on all HPV ICD-9 CM codes,
although these rates declined after 2012 (Table 4).
This decreasing trend was also observed among fe-
males. Incident cases of HPV that were not based on
laboratory confirmation (ICD-9 CM: 078.11, 079.4)
did not show a clear trend by calendar year or among
females (Table 5).

Counts of STI coinfections among military recruits
diagnosed with incident HPV were extremely low
(Table 6). Among all HPV cases within each branch
of service, the Navy displayed 2 of 3 chlamydia cas-
es, 1 of the 4 HSV cases, and 3 of the 3 gonorrhea
cases (Table 6). Notably, no STI coinfections were
identified among Air Force recruits, and there were
no cases of syphilis diagnosed in any branch of ser-
vice within this study. The rates of HIV were not ex-
amined in this study due to the mandatory screening
at accessions and the corresponding low incidence
rates among the military recruit population.*®

COMMENT

In this study, we determined the HPV incidence rates
and the STI coinfection counts among military ac-
tive component recruits. Among this young, healthy,
adult population within which an HPV vaccination
“catch-up” schedule is recommended, these data indi-
cate similar incidence rates compared to recent stud-
ies involving total active component service mem-
bers. The overall incidence of HPV infection was 4.1
per 1,000 p-yrs among all military recruits. In a re-
cent study, covering the period 2007-2016, the overall
HPV incidence rate among active component service
members was 60.1 per 10,000 p-yrs, with rates drop-
ping dramatically to a low of 31.1 cases/10,000 p-yrs
in 2016.2 However, this study included an additional
2012 ICD-9-CM diagnosis code of “other abnormal
Papanicolaou smear of vagina and vaginal HPV”
(795.19) which could have captured more cases. It is
likely that HPV incidence rates are underestimated
in the recruit population compared with rates among
all active components, as detection and diagnoses of
HPV cases mostly occur post-basic training, when
service members are assigned to duty stations.
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Table 1. Demographic characteristics of active component military

recruits.
All Army | Navy Air Marine
Services Force Corps
Total 159,852 | 61,545 | 34,259 | 25,743 | 38,305
Age
<20 105,552 | 36,531 | 20,872 | 16,798 | 31,351
20-24 39,324 | 16,635| 9488 | 7,251 5,951
25-29 11,851 6,147 | 3,046 | 1,659 999
30-34 2,465 | 1,744 690 27 4
35-39 565 397 160 8 0
40-44 94 91 3 0 0
Sex
Male 133,704 | 51,723 | 26,300 | 20,787 | 34,894
Female 26,148 | 9,823 | 7,959 | 4,956 3411
Marital Status
Married 15,231 | 9446 | 2,537 | 2,491 757
Single 143,897 | 51,535 | 31,722 | 23,174 | 37,466
Other 724 564 0 77 82
Race/ethnicity
White, non-Hispanic 92,912 | 36,142 | 15,671 | 16,331 | 24,768
Black, non-Hispanic 26,078 | 13,228 | 5,528 | 3,674 | 3,648
Hispanic 24,101 | 8,147| 5,624 | 3,295 7,035
Asian/Pacific Islander 5839 | 3,069 | 1,231 63 1,475
Other 10,922 959 | 6,205 | 2,378 1,379

Table 2. Incidence rates of HPV infection (per 1,000 p-yrs)
among military recruits.
All Army | Navy | Air | Marine
Services Force | Corps
Total 4.1 1.2 | 144 | 0.7 1.8
Age
<20 1.3 0.7 35, 04 1.0
20-24 8.2 2.5 25.2 1.5 4.9
25-29 7.0 1.0 22.7| 0.0 8.0
30-34 35.7 0.6 |126.1| 0.0 0.0
35-39 42.5 0.0 |150.0| 0.0 0.0
40-44 0.0 0.0 0.0 0.0 0.0
Sex
Male 1.2 1.0 2.0 0.4 1.2
Female 19.0 1.9 554 | 2.0 7.9
Marital Status
Married 6.3 1.3 33.1| 0.0 0.0
Single 3.8 1.2 128 | 0.8 1.8
Other 4.2 1.8 0.0 0.0 0.0
Race/ethnicity
White, non-Hispanic 2.8 1.0 11.1 0.6 1.6
Black, non-Hispanic 6.4 1.8 | 22.8 1.9 3.0
Hispanic 4.8 1.4 16.5 0.3 1.4
Asian/Pacific Islander 3.6 0.3 0.0 | 47.3 11.5
Other 8.2 1.0 0.2 1.3 | 45.0

http://www.cs.amedd.army.mil/amedd_journal.aspx
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Table 3. Total counts and HPV incidence rates (per 1000 p-yrs) by calendar year among military recruits.
Calendar Year All 2009 2010 2011 2012 2013 2014 2015
Years
Total Count (rate) 652 (4.1) |19 (3.5)| 163 (6.0) | 120 (4.5) | 123 (4.5) | 79 (2.7) 62 (2.5) | 86 (4.6)
Service
Army 73 (1.2) | 4(1.8) 21 (1.9) 16 (1.6) 11 (1.1) 13 (1.1) 7 (0.7) 1(0.2)
Navy 493 (14.4) | 10 (8.4) | 114 (21.4) | 93 (17.1) | 95 (15.7) 57 (8.9) 45 (8.1) | 79 (18.7)
Air Force 18 (0.7) | 2(1.9) 4 (0.9) 2(04) 3(0.7) 4 (0.9) 0 (0.0) 3(1.1)
Marines 68 (1.8) | 3(3.0) 24 (3.9) 9(14) 14 (2.1) 5(0.7) 10 (1.7) 3(0.6)
Age
<20 136 (1.3) | 6(1.9) 56 (3.3) | 29(1.7) 19 (1.0) 15 (0.7) 5(0.3) 6 (0.5)
20-24 321 (8.2) |10 (6.4) 64 (8.9) | 55(8.2) | 68 (10.1) | 43 (6.0) 31(5.4) | 50 (11.8)
25-29 83 (7.0) | 1(1.9) 10(44) | 18(8.7) 15 (7.5) 14 (6.8) 12 (7.1) | 13 (10.6)
30-34 88 (35.7) |2 (15.0) | 27 (50.7) | 14 (31.7) | 16 (40.9) 7 (17.4) 8 (23.8) | 14 (61.3)
35-39 24 (42.5) | 0(0.0) 6(27.3) | 4(27.0) | 5(121.9) 0(0.0) | 6(194.4) | 3 (102.6)
40-44 0(0.0) | 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Sex
Male 155 (1.2) |11 (2.4) 30 (1.3) | 30(1.3) 31(1.3) | 27(1.1) 17 (0.8) 9 (0.6)
Female 497 (19.0) | 8(8.8) |133(29.9) | 90 (21.4) | 92 (21.0) | 52 (11.0) | 45(10.7) | 77 (23.5)
Marital Status
Married 96 (6.3) | 2(2.7) 17 (5.3) | 21(7.6) | 25(10.1) 8(3.2) 12(5.8) | 11(7.7)
Single 553 (3.8) | 17(3.6) | 146(6.1) | 99 (4.2) 98 (3.9) 71 (2.7) 49 (2.2) | 73 (4.2)
Other 3(4.2) | 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 1(12.0) | 2(36.0)
Race/ethnicity
White, non-Hispanic 259 (2.8) | 8 (2.4) 67 (4.0) | 48 (3.0 39 (24) 41 (2.5) 27 (2.0) | 29 (2.8)
Black, non-Hispanic 168 (6.4) | 6 (6.9) 37 (9.3) | 26 (6.5) 36 (8.3) 18 (3.5) 16 (3.6) | 29 (8.7)
Hispanic 115 (4.8) | 1 (1.5) 35(9.8) | 24(6.3) 26 (6.4) 9 (2.0) 10 (24) | 10 (3.0)
Asian/Pacific Islander 21(3.6) | 0(0.0) 5(.7) 2(2.4) 33.2) 1 (0.9) 5@4.8) 5(5.9)
Other 89 (8.2) | 4(9.0) 19 (9.0) | 20 (10.1) 19 (9.1) 10 (5.1) 4(2.9) | 13(13.2)

The calculated incidence rates among the various armed
service branches allowed for a standardized compari-
son of trends by calendar year. During the study peri-
od, there were no specific changes to DoD guidelines
(changes in policy) for HPV screening in any of the ser-
vices. In 2012, however, there were significant changes
in HPV screening guidelines among the US Preventive
Services Task Force, American College of Obstetricians
and Gynecologists, and the American Cancer Society.
Specifically, it was recommended that HPV co-testing
with cytology not be conducted among individuals less
than 30 years of age.” This change may account for the
noted decline in HPV incident cases diagnosed by DNA
testing in our data after 2012 (Table 4). Additionally,
the comparative subanalysis of rates by calendar year
was proportionally consistent among the various armed
service components through the calendar years. To note,
the high HPV incidence rates found among the Navy
military recruits may warrant further research.

The counts of STI coinfections were very low in this
population, indicating primary HPV diagnoses during
medical encounters are not commonly associated with
chlamydia, gonorrhea, syphilis, or HSV, at least during
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the recruit training period. Identification of STI coin-
fections also may be underestimated because of the
variable latency period of HPV diagnosis and probable
asymptomatic STIs. Nonetheless, the data indicate an
opportunity to identify and improve HPV vaccination
uptake among this at-risk population for disease and
cancer prevention.

There are several limitations that must be taken into
consideration to carefully interpret these results. First,
the ICD-9 CM codes were obtained from administra-
tive records from outpatient encounters and some codes
may not reflect a confirmatory lab result or clinically-
validated information. Also, ICD-9 CM codes may re-
sult in incorrect disease classification based on other
similar conditions. Some clinicians, for example, may
code probable cases based on symptoms alone such as
“dysuria” or “urethritis” which may not accurately cap-
ture the STI diagnoses until follow-up care. Symptoms
for these particular infections may range from indolent,
asymptomatic to skin lesions, dysuria, back pain, dis-
charge and inguinal and abdominal discomfort. Thus,
it is difficult to accurately estimate prevalence of STIs
since the symptoms and time to diagnosis may vary.

33



HUMAN PAPILLOMAVIRUS INCIDENCE AND SEXUALLY TRANSMITTED COINFECTIONS
AMONG US MILITARY RECRUITS (2009-2015)

Table 4. Counts and incidence rates (per 1000 p-yrs) of HPV by DNA testing* among military recruits.
Calendar Year All 2009 2010 2011 2012 2013 2014 2015
Years
Total Count (rate) 271 (1.7) | 2(0.4) | 93 (3.4) 60 (2.3) | 71(2.6) 31(1.1) |11 (0.5) | 3(0.2)
Service
Army 3(0.1) | 0(0.0) 2(0.2) 1(0.1) 0 (0.0) 0(0.0) | 0(0.0) | 0(0.0)
Navy 246 (7.2) | 2(1.7) | 76 (14.3) | 59(10.8) | 71 (11.8) | 31(4.8) | 6(1.1) | 1(0.2)
Air Force 2(0.1) | 0(0.0) 2(0.4) 0(0.0) 0(0.0) 0(0.0) | 0(0.0) | 0(0.0)
Marines 20 (0.5) | 0(0.0) 13 (2.1) 0(0.0) 0(0.0) 0(0.0) 5(0.9) | 2(0.4)
Age
<20 43 (0.4) | 0(0.0) | 33(1.9 7 (0.4) 3(0.2) 0(0.0) | 0(0.0) | 0(0.0)
20-24 140 (3.6) | 2 (1.3) 36 (5.0) 31 (4.6) 43(6.4) | 22(3.1) | 4(0.7) | 2(0.5)
25-29 37 (3.1) | 0(0.0) 5(2.0) 9 (4.3) 12 (6.0) 73.4) | 4(24)| 0(0.0)
30-34 41 (16.6) | 0(0.0) | 16 (30.1) | 10 (22.7) | 10 (25.5) 2(5.0) | 2(6.0)| 149
35-39 10 (17.7) | 0(0.0) 3(13.7) 3(20.2) 3(73.1) 0(0.0) |1(32.4)| 0(0.0)
40-44 0(0.0) | 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) | 0(0.0) | 0(0.0)
Sex
Male 1(0.0) | 0(0.0) 1(0.0) 0(0.0) 0(0.0) 0(0.0) | 0(0.0) | 0(0.0)
Female 270 (10.3) | 2(2.2) | 92(20.7) | 60 (14.3) | 71 (16.2) | 31 (6.6) |11 (2.6) | 3 (0.9)
Marital Status
Married 41 (2.7) | 1(1.4) 10 (3.1) 8 (2.9) 14 (5.6) 6(2.4) | 2(1.0) | 0(0.0)
Single 230 (1.6) | 1(0.2) 83 (3.5) 52 (2.2) 57 (2.3) | 25(0.9) | 9(0.4)| 3(0.2)
Other 0(0.0) | 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) | 0(0.0) | 0(0.0)
Race/ethnicity
White, non-Hispanic 97 (1.0) | 0(0.0) | 31(1.8) 24 (1.5) 20(1.2) | 15(0.9) | 6(0.4) | 1(0.1)
Black, non-Hispanic 67 (2.6) | 1(1.2) 22 (5.5) 15 (3.8) 21 (4.8) 6 (1.2) 1(0.2) | 1(0.3)
Hispanic 60 (2.5) | 0(0.0) 27 (7.6) 10 (2.6) 16 (3.9) 5(1.1) | 2(0.5) | 0(0.0)
Asian/Pacific Islander 7(1.2) | 0(0.0) 2(2.3) 2(2.4) 1(1.1) 1(0.9) | 0(0.0)| 7(8.3)
Other 40 (3.7) | 1(2.3) 11 (5.2) 9 (4.5) 13 (6.3) 4(2.1) 1(0.7) | 1(1.0)
*]CD-9 CM codes: 795.05, 795.15, 795.09, 796.75, and 796.79

There are other possible gaps in reporting of medical
encounters captured in electronic military medical re-
cords that should to be considered. Individuals who oth-
erwise are eligible to obtain medical care in the Military
Health System may choose to access a nonmilitary fa-
cility such as the local public health department for STI
treatment. The nonmilitary facility would diagnose and
treat STIs among military recruit populations; however,
the data would not necessarily be transferred to the mili-
tary medical databases. Therefore, the true estimation of
HPV and STI coinfections among this at-risk population
are likely underestimated.

CONCLUSION

Human papillomavirus and other common STI coinfec-
tions affect force health protection and military readi-
ness. Although common STIs such as chlamydia and
gonorrhea may garner more attention during a clinic
visit, there still remains an important possibility of
missed opportunities for HPV vaccination for those at
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risk in this setting. The current HPV vaccine prevents
both HPV infections and cancer and is readily acces-
sible to service members. The US military recruit popu-
lations provide a “catch-up” target population wherein
missed opportunities are identified. Within this study,
the overall characterization of STI coinfections among
incident HPV cases helped define the most likely at-risk
population of missed opportunities for HPV vaccina-
tion uptake and target future policies within the DoD to-
wards a healthier Armed Forces consistent with Healthy
People 2020° goals.
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ABSTRACT

Ischial containment sockets are the current standard of care for military service members with transfemoral
amputation. However, they fit intimately with the ischium, which may limit hip motion and contribute to proxi-
mal socket discomfort, a common complaint among prosthesis users. Subischial sockets, such as the newly de-
scribed Northwestern University Flexible Subischial Vacuum (NU-FlexSIV) Socket technique, do not interact
with the ischium, potentially increasing hip motion and improving comfort.

Purpose: To transfer the NU-FlexSIV Socket technique to military prosthetists and evaluate performance
among military service members with transfemoral amputation.

Study design: case series.

Methods: Four of the 11 enrolled subjects completed the study protocol comparing the NU-FlexSIV Socket to
the ischial containment socket. Gait kinematics (over ground and on stairs), physical performance measures
(Four-Square Step Test, T-test of Agility, and an obstacle course), limb-socket motion, and socket comfort were
assessed after accommodation time in each socket.

Results: While wearing the NU-FlexSIV Socket, sagittal plane hip motion generally increased while coronal
plane trunk motion and walking speed remained largely unaffected during over ground walking. During stair
ascent, sagittal plane hip motion increased while wearing the NU-FlexSIV Socket, with minimal changes in
walking speed for all subjects. Pre- and post-walking fluoroscopy measures suggest fit of the NU-FlexSIV
Socket was less affected by activity. Most subjects reported that the NU-FlexSIV Socket was more comfort-
able for sitting but some found it less comfortable for walking and running. Performance measure results were
mixed. Although attempts were made to consistently implement the NU-FlexSIV Socket technique, some chal-
lenges were experienced.

Conclusions: The NU-FlexSIV Socket provided greater hip motion across a variety of tasks without adversely
affecting other movement mechanics but did not consistently improve socket comfort. Variability in the liners
and socket materials used may have contributed to variability in results. Overall, the design was a viable alter-
native to traditional ischial containment sockets for some individuals with transfemoral amputation.

It is estimated that persons with transfemoral (TF) am-
putation represent approximately 20% of the overall
population with amputations'; however, the propor-
tion is greater (31%) among service members who have
sustained limb amputation as a result of recent military
conflicts.? Furthermore, service members with trau-
matic amputation present different challenges than their
dysvascular counterparts as they are typically younger,
with excellent premorbid health, and have higher func-
tional expectations postamputation.’

Current standard of care TF prosthetic sockets, such as
the ischial containment (IC) socket,* are designed to fit
intimately with the ischium and greater trochanter, sta-
bilizing the socket on the residual limb and supporting
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body weight.>” However, it has been acknowledged that
the proximal brim of the IC socket may limit hip range
of motion (ROM) and contribute to socket discomfort,
the most common complaint of prosthesis users.*'?

Subischial or brimless sockets have been proposed to
shift the proximal brim of the socket below the ischium
to decrease impingement between the socket and pel-
vis and potentially increase hip ROM and comfort."*-¢
While early reports suggest subischial sockets are func-
tionally feasible,*'*!° only the Northwestern University
Flexible Subischial Vacuum (NU-FlexSIV) Socket tech-
nique has been described in detail such that others may
replicate its fabrication.'>"”
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The NU-FlexSIV Socket combines flexible, lower socket fit and fabricate the NU-FlexSIV Socket, study pros-
trim lines with vacuum-assisted suspension (VAS) and thetists were provided in-person training, a multimedia
has been reported to improve comfort.”>'* Vacuum-as- instruction manual, and ongoing consultation from the
sisted suspension uses an active pump rather than rely- NU-FlexSIV Socket developers. Subjects were expected
ing on passive suction as is common with IC sockets.”®!"” to have an 8-week accommodation time to wear the de-
While VAS has been used with transtibial prostheses, finitive version of the NU-FlexSIV Socket.
application in TF prostheses is less common." By in-
corporating VAS, the NU-FlexSIV Socket may not only
increase hip ROM and comfort, but also reduce piston- When possible, subjects were first tested in the IC socket
ing between the socket and limb by stabilizing residual followed by the NU-FlexSIV Socket (Figure 1). The or-
limb fluid volume fluctuations as reported in other ap- der was not randomized and subjects were first tested
plications of VAS 1420 in the socket to which they were already accustomed
to avoid the additional accommodation time that would
The stability of the residual limb within the socket is an  otherwise be required. Biomechanical data were collect-
important consideration when determining the appropri- ed as subjects walked over level ground at a self-selected
ate socket for a TF prosthesis user.”! When coronal plane speed, as well as when walking up a 16-step staircase
stability of the limb within the socket is poor, TF pros- at a self-selected cadence. Handrail use and stair step-
thesis users often increase lateral trunk displacement ping patterns (step-over-step or step-to-step) were noted.
and step width.?! A lower socket trim line results in less Biomechanical data were captured using a 26-camera
socket surface area to stabilize the residual limb but nei- motion capture system (Motion Analysis, Santa Clara,
ther Kahle and Highsmith'® nor Fatone and Caldwell'® CA) with a 6-degree of freedom marker set using 57
observed gait adaptations associated with coronal plane markers to define 13 body segments.’>* A digitiza-
instability when comparing subischial and IC sockets.  tion pointer was used to identify 20 bilateral anatomi-
cal landmarks (C-Motion, Inc, Germantown, MD). The
A series of papers describing the fabrication technique position of the ankle joint center was mirrored from the
for the NU-FlexSIV Socket have been published,®"7 but intact ankle, resulting in comparable anterior/posterior,
additional research on its application to various patient superior/inferior, and medial/lateral positioning. The
populations is critical for understanding utility. There- knee joint center was determined using digitized points
fore, the purpose of this study was to transfer the NU- on the medial and lateral aspects of the prosthetic knee
FlexSIV Socket technique to military prosthetists and axis of rotation.
compare performance among military service members
with TF amputation. It was hypothesized that the NU- Functional performance was assessed using 3 measures:
FlexSIV Socket technique would improve hip ROM, sus-
pension, and comfort, without negatively affecting other
movement mechanics such as coronal plane stability.

Protocol

1. The Four-Square Step Test, which required sub-
jects to change directions and step over a one-
inch obstacle?*: this test was performed 3 times

This study was approved by the Brooke Army Medical and the fastest time recorded.

Center Institutional Review Board. 2. The T-test of Agility, which is a timed test that re-
METHODS quires running forward and backward, and side-

, shuffling, and has been used previously to assess
Subjects individuals with TF amputation'®: this test was
Eleven male service members (aged 18-45 years, who performed twice and the fastest time recorded.
had a unilateral TF amputation, were K4 level ambula-
tors, and had not previously used VAS) were enrolled in
this study.

An obstacle course which was created for this
study to assess agility, balance, and mobility:
The course was set up over 20 m and involved
Intervention starting from a seated position, weaving through
cones, stepping on and over a box, making a 180°
turn, performing narrow and wide steps inside
and outside of pipes, respectively, and stepping
over 6-inch hurdles. This test was performed
twice and the fastest time recorded.

Two socket systems were assessed. The first was the
subjects’ standard of care IC socket with passive suc-
tion suspension, which represented the design used daily
prior to participation in the study. The second was the
NU-FlexSIV Socket!® incorporating VAS. For the study,
only the socket systems were changed; the prosthetic Medial-lateral digital fluoroscopy (Dynamic Motion
knee and foot remained consistent. In order to learn to  X-ray system, VF-Works, Inc, Palm Harbor, FL) of the
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residual limb within the socket was recorded
before and after level walking on a treadmill
for 10 minutes at a standardized speed based
on leg length.” Using methods similar to those
of Darter et al,?® subjects stood on a force plat-
form (AMTI Inc, Watertown, MA) and applied
vertical loads of 0% and 100% of body weight
through their prosthetic limb, while minimiz-
ing shear forces to less than 2.5% body weight.
A radiopaque ruler was taped to the socket to
ensure consistent scaling of all image measure-
ments. Three trials of medial-lateral digital flu-
oroscopy were collected in each loading condi-
tion before and after activity.

Socket comfort scores?” were collected at the
end of data collection in each socket condition
using a scale from 0 (most uncomfortable) to 10
(most comfortable) for sitting, standing, walk-
ing, and running activities. Additionally, the
study prosthetist recorded informal interviews
with each subject at the end of their study par-
ticipation to solicit feedback regarding their
experiences using the NU-FlexSIV Socket. In-
terviews were conducted regardless of whether
subjects completed the entire study protocol,
given that information from such subjects was
assumed to be equally informative of socket
performance. Exit interviews were conducted
by one of 3 investigators using a standard set
of questions based as applicable on items in the

Patient Assessment Validation Evaluation Test
(Hanger Orthopedic Group, Inc), Prosthesis
Evaluation Questionnaire,” Questionnaire for

Figure 1. Ischial containment socket (left) and NU-FlexSIV Socket (right)
illustrating the difference in proximal socket shape/height and different
valves for passive versus active suction. Remaining components were
standardized.

Persons with Transfemoral Amputation,” and
Trinity Amputation and Prosthesis Experience Scales.*
Additional questions were asked as necessary by the in-
terviewer for clarification or to solicit more information.

DATA ANALYSIS

Using Visual 3D software (C-Motion Inc, Germantown,
MD), marker data were filtered with 2nd order Butter-
worth low-pass filters using cutoff frequencies of 6 Hz
and 50 Hz, respectively. Three-dimensional lower ex-
tremity kinematics were computed using an Euler angle
approach and normalized to 100% of the gait cycle. Peak
joint angles and ROMs were identified using a custom
Matlab program (Mathworks, Inc, Natick, MA).

A single representative fluoroscopy image subjectively
determined to have the best contrast, orientation, and
visualization of the limb was selected from each fluoros-
copy trial. The average distance from the distal point of
the femur and the top of the socket attachment plate was
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determined for both loading conditions (Media Cyber-
netics, Inc, Rockville, MD). Fluoroscopic assessments
of bone-socket motion have been previously shown to
be reliable in persons with TF amputation.*!

In this case series, descriptive statistics were used to
compare results between sockets with regards to walk-
ing speed, hip motion (sagittal plane hip ROM and max-
imal hip extension), socket stability (coronal plane trunk
ROM), suspension (difference in pre- and post-walking
limb-socket displacement upon full loading), comfort
(socket comfort scores), and functional performance
(Four-Square Step Test, T-Test of Agility, and the obsta-
cle course). Differences between sockets for the follow-
ing variables were compared using minimal detectable
change (MDC) values reported in the literature: over
ground sagittal plane hip ROM,* over ground coronal
plane trunk ROM,* T-Test of Agility,*? Four-Square Step
Test,* and Socket Comfort Score.** Minimal detectable
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change values were not available for stair ascent, sagit-
tal plane hip ROM, or the obstacle course.

RESULTS

Four subjects completed testing in both sockets (Table 1).
Feedback from 9 of the 11 subjects (PO1-P11) regarding
experience with the NU-FlexSIV Socket were recorded
as part of the exit interview.

Gait Biomechanics (Table 2)

Walking speeds over level ground and stair ascent were
consistent between sockets with differences of 0.06 m/s
or less, with the exception of P11 who walked 0.31 m/s
faster over ground in the IC socket.

Sagittal plane hip ROM during over ground walking in-
creased for 3 subjects (P02, P08, P09) while wearing the
NU-FlexSIV Socket (differences: 14.21°, 4.22°, 5.00°, re-
spectively). The exception was P11 for whom hip ROM
was 2.71° less in the NU-FlexSIV Socket (Figure 2).
The increase in hip ROM during over ground walking
for the 3 subjects was greater than the MDC of 3.21°,%
while the decrease in hip ROM for P11 was less than

the MDC. Sagittal plane hip ROM during stair ascent
increased for all subjects (differences: 3.83°, 5.10°, 5.22°,
5.86°). More specifically, hip extension during both over
ground walking and stair ascent increased for all sub-
jects in the NU-FlexSIV Socket (Figure 2). The increase
in hip extension during over ground walking for P02
and P11 (differences: 9.67°, 5.37°, respectively) exceeded
the MDC of 4.69°.%

Coronal plane trunk ROM during over ground walking
increased for 3 subjects (P02, P08, P11) while wearing
the NU-FIexSIV Socket (differences: 0.93°, 1.08°, 3.75°,
respectively) (Figure 2), however, the increase was only
greater than the MDC of 1.14°% for P11. Trunk ROM
during stair ascent was not assessed due to handrail use
by 3 subjects for one or both sockets.

Fluoroscopy (Figure 3)

Three subjects (P02, P08, P11) had less difference in pre-
and post-walking limb-socket displacement while wear-
ing the NU-FlexSIV Socket (0.30 cm, -0.06cm, -0.16
cm, respectively) compared to the IC socket (1.27 cm,
1.04 cm, -0.59 cm, respectively). Socket displacement

Table 1. Subject demographics and NU-FlexSIV Socket accommodation time or reason for dropping out for all subjects enrolled
in the study.
Subject | Age Height Mass Accommodation Time Prosthetist Liner used with NU-FlexSIV inner flexible
(years) (m) (kg) (Fluoroscopy/Biomechanics) NU-FlexSIV socket socket material
or Discontinuation

PO1 28 1.89 83 Relocation A B medi Relax 3C Cushion No definitive socket

made

P02 35 1.86 95 8 weeks/8 weeks A B medi Relax 3C Cushion Polytol

P03 40 1.85 98 Refused to return to IC A B medi Relax 3C Cushion Polvtol

socket for testing y

P04 31 1.81 82 Relocation B medi Relax 3C Cushion No definitive socket

made

P05 24 1.75 92 Discontinued NU-FlexSIV A C Ossur Iceross Seal-In X TF Northvane

socket

P062 33 1.82 102 Discontinued NU-FlexSIV A C Ossur Iceross Seal-In X TF | First definitive:

socket: neuroma surgery medi Flex EVA
and relocation Second definitive:
Northvane

P07 32 1.70 103 Discontinued NU-FlexSIV A C Ossur Iceross Seal-In X TF | No definitive socket

check socket made

P08 33 1.72 77 0 days/3 daysP B Ossur Iceross Seal-In X TF | Northvane

P09 30 1.85 94 9 weeks/9 weeks B Ossur Iceross Seal-In X TF | Northvane

P10 36 1.68 96 Discontinued NU-FlexSIV B Ossur Iceross Seal-In X TF | No definitive socket

check socket made

P11 31 1.72 |80 (91°) | 9 weeks/3 weeks® D Ossur Iceross Seal-In X TF | Northvane

Notes:

Shaded rows indicate subjects who completed the study. The order of testing for all subjects who completed the study was ischial containment
socket followed by the NU-FlexSIV Socket. Four prosthetists (labeled A-D) were involved. Prosthetist A was a member of the development
team of the NU-FlexSIV Socket.

@search for new definitive socket material meant that this subject spent longer in different sockets than planned.

bSubject returned to duty station earlier than expected after receiving the NU-FlexSIV Socket, shortening the accommodation time.

CSubject gained mass between fluoroscopy and biomechanics testing sessions, which required a second definitive socket to be made. Ac-

commodation time represents the time in this new socket. Biomechanics testing was performed 13 weeks after fluoroscopy testing due to
subject scheduling conflicts and experiencing low back pain for unspecified reasons.
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Table 2. Individual subject data for hip and trunk kinematics, socket comfort score, and performance measures in the Ischial
Containment (IC) and NU-FlexSIV Sockets for subjects who completed testing.

Measurement P02 P08 P09 P11

IC NU-FlexSIV IC NU-FlexSIV IC NU-FlexSIV IC NU-FlexSIV

Self-selected walking speed OG (m/s) 1.23 1.18 1.24 1.18 1.42 1.39 1.61 1.30
Self-selected walking speed STA (m/s) 0.33 0.32 0.38 0.40 0.45 0.40 0.44 0.44
Sagittal plane hip range of motion OG (degrees) 40.83 55.04 53.75 57.97 53.54 58.54 58.33 55.62
Sagittal plane hip range of motion STA (degrees) | 65.17 69.00 67.59 72.69 60.40 65.62 64.20 70.06
Sagittal plane hip extension OG (degrees) 4.77 -4.90 -16.67 -18.54 -16.28 -18.08 -9.06 -14.43
Sagittal plane hip extension STA (degrees) 17.54 13.63 12.40 5.83 16.06 9.76 10.96 7.24
Coronal plane trunk range of motion OG (degrees) | 5.03 5.96 9.12 10.20 10.53 9.97 3.86 7.61
Socket comfort score sitting 4 8 9 8 6.50 8 7 8
Socket comfort score standing 5 8 9 4 8 5 5 6
Socket comfort score walking 2 8 9 6 7.50 4 5 4
Socket comfort score running 1 7 5 0 6.50 0.50 7 4
Four Square Step Test (seconds) 7.52 8.02 10.16 8.69 7.35 7.47 743 6.16
T-Test (seconds) 25.22 21.17 22.94 30.13 19.08 20.25 18.47 18.79
Obstacle course (seconds) 15.85 15.16 22.25 15.69 14.34 16.56 13.78 13.56
OG indicates over ground; STA, stair ascent.
P02 and P09 used handrails with both sockets and PO8 used handrails with the NU-FlexSIV Socket during STA.
All subjects performed STA step-over-step.
Socket comfort scores are from 0 (most uncomfortable) to 10 (most comfortable).

assessed independently from walking did not show a
clear result.

Functional Performance Measures (Table 2)

Functional performance measures showed mixed results.
Three subjects (P08, P09, P11) performed the T-Test of
Agility more slowly (by 7.19 seconds, 1.17 seconds, 0.32
seconds, respectively) while wearing the NU-FlexSIV
Socket, two of which exceeded the MDC of 0.91.32 Three
subjects (P02, P08, P11) performed the obstacle course
faster (by 0.69 seconds, 6.56 seconds, 0.22 seconds, re-
spectively) while wearing the NU-FlexSIV Socket. Im-
proved performance in the Four-Square Step Test was
divided between sockets; however, only the faster time
by subject P08 in the NU-FlexSIV Socket exceeded the
MDC of 1.41.3

Socket Comfort Score (Table 2)

Subject P02 was the only subject who rated the NU-
FlexSIV Socket more comfortable for all activities (sit-
ting, standing, walking, running) with the difference in
scores exceeding the MDC of 2.733 for all activities. Of
the remaining 3 subjects, differences for sitting comfort
did not exceed the MDC of 2.73.3* All 3 subjects (POS,
P09, P11) rated the NU-FlexSIV Socket less comfort-
able for walking (differences: 3, 3.5, 1, respectively) and
running (differences: 5, 6, 3, respectively) with most of
these changes exceeding the MDC of 2.73.** Improved
socket comfort during standing was inconsistent across
subjects, with two preferring the NU-FlexSIV Socket
(P02, P11; differences: 3, 1) and two preferring the IC
socket (P08, P09; differences: 5, 3): most of the changes
exceeded the MDC of 2.73.%
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Exit Interviews

Nine subjects were interviewed following their accom-
modation time in the NU-FlexSIV Socket, regardless of
the length of accommodation time or completion of test-
ing (four completed the study and five dropped out (Ta-
ble 1)). All subjects were asked the same standard set of
questions with the exception of 2 subjects, P07 and P10,
who were asked fewer questions because some were not
applicable as the NU-FlexSIV Socket was worn for less
than a day. The 2 subjects who were not interviewed,
P01 and P04, moved out of the area and did not complete
the study.

Subject interviews confirmed that, compared to the
IC socket, the NU-FlexSIV Socket had better comfort
when sitting, including when driving. Regarding the
NU-FlexSIV Socket trim lines, subject P03 suggested
making them even lower, while subjects P06 and P11
thought they should be a little higher. Subjects P02 and
P09 described that they liked the NU-FlexSIV Socket
for cycling, squats, and bending over, however subjects
P03 and P11 described losing suction (between the limb
and liner) when cycling. Subject P09 observed that the
NU-FlexSIV Socket required more muscular utilization
than the IC socket, was less stable, and not as good for
running or agility. Regarding donning the NU-FlexSIV
Socket: subjects P05 and P11 liked that the alcohol spray
they used with their IC sockets was not required for the
NU-FlexSIV Socket; however, subject P10 disliked that
donning the NU-FlexSIV Socket required more time.
Four subjects (P05, P07, P09, P10) were unable to dis-
cern a difference between the VAS used with the NU-
FlexSIV Socket and the passive suction used with the
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IC socket. However, subject P11 felt a big difference
between the two with a strong preference for the VAS.
Residual limb volume fluctuation and sweating in the
NU-FlexSIV Socket were not an issue for 4 subjects
(P02, P03, P08, P09); while 3 subjects (P05, P06, P11)
commented that volume fluctuation affected socket fit.

COMMENT

This study provided the NU-FlexSIV Socket technique
to military prosthetists and evaluated socket perfor-
mance in military service members with TF amputation
by comparing it to the current standard of care IC sock-
et. Generally, our results indicated that the NU-FlexSIV
Socket increased hip ROM without compromising walk-
ing speed and lateral trunk motion. This finding supports
that of previous studies *'® and suggests coronal plane
socket stability with lower socket trim lines is possible.
However, stability was not perceived by all subjects and
it is possible that stability varied due to variability in
the liners and socket materials used. For example, the
medi Relax 3C Cushion liner (Ossur Americas, Foot-
hill Ranch, CA) has very high compressive resistance
compared to Ossur silicone liners (www.linerassist.
org), with the greatest potential to create stability and
facilitate transfer of limb motion to the socket. Similarly,
both Polytol (Ottobock gmbh, Duderstadt, Germany)
and medi Flex EVA (Ossur Americas) are more firm
and supportive than Northvane (North Sea Plastics, Ltd,
Glasgow, UK). The 2 subjects (P02, P03) who strongly
preferred the NU-FlexSIV Socket were the only ones
who wore the medi liner with Polytol socket (Table 2).
By contrast, subjects P09 and P11, who perceived in-
stability, wore the less supportive combination of Ossur
liner with Nothvane for the full accommodation period.
While the developers recommend the medi liner and

socket material for use with the NU-FlexSIV Socket,*
future research could more systematically explore the
effect of material properties and choices on socket per-
formance, especially for highly active users.

Digital fluoroscopy was a useful tool for examining
limb-socket displacement in the NU-FlexSIV Socket.
We found less difference in pre- and post-walking limb-
socket displacement for 3 subjects while wearing the
NU-FlexSIV Socket, suggesting the fit of the NU-Flex-
SIV Socket was not affected by walking. Limb-socket
displacement is posited to affect the volume of the resid-
ual limb with greater displacement resulting in greater
volume loss.* The ability of the NU-FlexSIV Socket to
reduce displacement after activity is consistent with pre-
vious suggestions that volume fluctuations are reduced
when VAS is used,*’ but perhaps surprising given the
way each socket supports body weight. The IC socket
supports body weight in part through the pelvis and glu-
teals during midstance (a position similar to the static
weight bearing position in this test) and might therefore
be expected to experience less variability in longitu-
dinal displacement. By comparison, the NU-FlexSIV
Socket supports body weight exclusively on soft tissues
of the thigh yet demonstrated less variability in dis-
placement. Limb-socket displacement independent of
activity showed mixed results, although it was less vari-
able while wearing the NU-FlexSIV Socket compared
to the IC socket. The lack of clear overall reduction in
limb-socket displacement independent of activity with a
VAS compared to passive suction is not consistent with
transtibial socket studies that found a reduction in limb-
socket displacement independent of exercise when using
a VAS.? Research on a greater number of subjects is
required to study this phenomenon in more detail.
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Figure 3. Mean (SD) limb-socket displacement data for subjects P02, P08, P08, and P11. Total displacement (0% and 100% body
weight) is presented for the pre- and post-walking (10 minutes of treadmill walking) tests in the ischial containment and NU-FlexSIV
sockets respectively.
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Most subjects reported that the NU-FlexSIV Socket was
more comfortable for sitting but less comfortable for
walking and running, which does not fully accomplish
the main goal of the NU-FlexSIV Socket to improve
comfort. However, when considering the socket comfort
and hip ROM results along with comments from the exit
interviews, the functional performance results seem rea-
sonable. Most subjects performed the T-Test of Agility
more slowly and the obstacle course faster while wearing
the NU-FlexSIV Socket. The T-Test of Agility is largely
based on running while the obstacle course started from
a sitting position and consisted of maneuvering through
obstacles (eg, a step and hurdles), which required in-
creased hip ROM. Future investigation into use of the
NU-FlexSIV Socket for activity-specific prostheses may
be especially beneficial to service members and Veterans.

Although attempts were made to consistently implement
the NU-FlexSIV Socket technique, the following chal-
lenges were noted: several different materials were used
for the flexible inner socket (with some issues resulting
from discontinuation of material by the manufacturer
during the course of the study); various gel liners were
used; the type of socket worn during accommodation
(hard socket or flexible proximal trim line) was not con-
sistent; the amount of time a subject wore the test and
definitive sockets during the study varied; and multiple
prosthetists were involved. These differences in socket
implementation are consistent with a dynamic clinical
environment but may have contributed to some of the
variability in results across subjects.

This variability in implementation was one of several
study limitations. For example, only a small number of
subjects were able to complete the study. The required
accommodation time of 8§ weeks in the NU-FlexSIV
Socket likely contributed to the large number of drop-
outs in this population of service members who encoun-
tered conflicting active duty demands during study par-
ticipation. This requirement was so challenging that it
was waived for latter subjects such as subject PO8 who
was tested after only 3 days wearing the NU-FlexSIV
Socket. Also, we deviated in the testing order for subject
P03, first testing in the NU-FlexSIV Socket, because af-
ter experiencing the NU-FlexSIV Socket, the subject
developed such a strong preference that he would not re-
turn to the IC socket for testing. It is important to high-
light the successes and pitfalls of new technology on an
individual level. Not every socket design will meet the
fit and functional needs of every individual, but if new
designs can provide a benefit to some prosthesis users,
they are a viable and potentially advantageous alter-
native. In addition, as osseointegration becomes more
widely available, exposure to alternative socket designs
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such as the one described here is increasingly important,
as a current condition for receiving this invasive surgery
is failed socket attempts.

CONCLUSION

The NU-FlexSIV Socket provided greater hip ROM
across a variety of tasks without adversely affecting
other movement mechanics, but did not consistently
improve socket comfort for these highly active military
service members. Variability in the combination of
liners and socket materials used may have contributed
to variability in results. Overall, this design was a viable
alternative to traditional IC sockets for some individuals
with TF amputation.
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Motivational Guest Speaker
Presentation as an Anti-Stigma
Intervention for US Army Soldiers

ABSTRACT

MAJ Rohul Amin, MC, USA
CPT Sarah C. McLeroy, MC, USA
MAJ Victor M. Johnson, SP, USA

Stigma towards mental illness represents a significant challenge. No specific anti-stigma military training cur-
ricula currently exists. An infantry division sought to reduce stigma by inviting 2 guest speakers to address
Soldiers. The intervention was designed on social contact theory and executed as a quality improvement proj-
ect. The intervention was speakers self-disclosing their own mental health struggles and having the audience
contact with persons from the stigmatized group. Postintervention evaluation (N=361) demonstrated signifi-
cant reduction in stigma scores (t=8.128, df=329, P<.001, 2-tailed, d=0.3), and effect size was greatest (d=1.17)
among those with greater baseline stigma scores. Soldiers also reported positive perceptions of help-seeking
behaviors. Given these findings, other units could conduct these type of training events to target stigma toward

mental illness.

Medical readiness of a military unit entails physical,
mental, and spiritual readiness. Among these concerns,
mental health carries a significant weight. Over the
course of a 9-year period, mental illness was the leading
cause among female US service members and the fourth
leading cause among male US service members for med-
ical evacuations from the US Central Command area of
operations in Iraq and Afghanistan.! Mental illness has
significant implications for suicidal death with studies
showing most Soldiers (79.3%) who died by suicide
had a previously identified mental health disorder.? In
2013, self-inflicted deaths (28.5%) were second only to
accidental deaths (32.3%) among US service members.?
During this same time period, death by suicide occurred
with 3 times the frequency of combat-related deaths.?
Despite the importance of ensuring service members are
treated for mental illness, significant challenges exist.
We attempted to target stigma towards seeking mental
health care as a Quality Improvement Project (QI).

BACKGROUND

A 2014 study showed that only 23% to 40% of a mili-
tary cohort who met strict criteria for any mental health
problem a decade prior had received professional help.*
One explanation for this gap is the stigma and barriers
associated with seeking mental health services among
military members. The US Army has attempted to tack-
le these challenges through programmatic changes to
the way mental health care is delivered.” Perhaps due
to some of these interventions, there have been positive
results. Surveys and behavioral health utilization data
show that stigma has decreased while behavioral health
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utilization has increased over time.® Despite these gains,
the author reported that approximately 6 of every 10
Soldiers meeting self-reported criteria for posttraumatic
stress disorder or major depressive disorder were not us-
ing mental health services.® A possible explanation may
be that symptoms of mental illness appear to have posi-
tive correlation with stigma and perceived barriers to
care.” Those who need the mental health services often
experience the greatest amount of stigma.

Researchers have asserted stigma to be fourth highest
ranked barrier to help-seeking among general popula-
tion.® Central to many service members’ reluctance to
pursue help for mental health related challenges—par-
ticularly those related to depression and suicidality—
are fears pertaining to the consequences of being identi-
fied, or self-identifying with stigma. These fears may be
more befittingly recognized as fear related to appearing
weak, compromising the experience of unit comradery
or peer esteem, and possible harm done to one’s future
career. In review of the literature, stigma has been spe-
cifically linked in conflict with a number of attributes
deemed desirable within the armed forces, namely
toughness, self-sufficiency, and combat readiness.’

While the negative effects of stigma on mental illness
are widely accepted, interventions to target and reduce
stigma are lacking. At the time of our intervention, only
one anti-stigma toolkit was reported in the literature, but
generalization of the training to our unit needs was not
possible.'® A study by Stuart provides a thorough review
of stigma reduction programs."" These interventions
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typically entail actions targeting one or more of the fol-
lowing areas: literacy programs, awareness raising, pro-
test, advocacy, and social contact with those with men-
tal illness. Among adult populations, the best outcomes
have been noted in social contact-based interventions.'
The principle concept is that greater social contact with
the stigmatized group may challenge faulty perceptions
and generalizations.

The US Army has recognized the importance of reduc-
ing stigma and perceived barriers to mental illness. This
organizational intent can be found in its suicide preven-
tion guidelines for commanders.”® The majority of guid-
ance suggests development of a supportive climate, pol-
icies, and procedures that reduce barriers to receiving
help for mental health, advocacy, and increased aware-
ness. Official guidance is not prescriptive and therefore
there are significant heterogeneities in suicide preven-
tion programs among various organizations. Military
commanders and suicide prevention program managers
(SPPM) often rely on intuition without the aid of explicit
and evidence-based interventions to target stigma.

Based on the described concerns and challenges, the
author (R.A.), while serving as the SPPM for his unit,
wanted to target stigma towards mental health in the in-
fantry division. As part of Suicide Prevention Month in
September 2017, 2 speakers were invited to share their
personal struggles with mental health. This command
training event was executed as a QI project using the
Plan, Do, Study, and Act cycle. In the Study cycle, the
immediate effects on the audience of active duty Soldiers
regarding attitudes towards help-seeking behaviors and
stigma were measured. Herein the authors describe the
intervention and their findings from its evaluation and
assert it can easily be emulated by units across the Army
to target stigma.

METHODS
Planning Phase

The intervention was part of the unit’s annual suicide
prevention month efforts. Each year, commanders at
various levels implement specific training requirements
in addition to the Army-wide prevention training and in-
terventions. As the SPPM for his unit (an Army infantry
division), the author (R.A.) recommended anti-stigma
training to the commander who approved and directed
the event. To meet the commander’s intent, background
review on the topic was conducted. Four articles™!!!2:14
were selected to help inform the planning phase based
on qualitative relevance of these articles to the topic.

The decision to invite 2 guest speakers to address the
unit was based on literature review'> which identified
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the strongest evidence for meaningful outcomes in so-
cial contact-based intervention. A standard operational
order was published to provide place and time for the
training event. Each subordinate unit within the organi-
zation was tasked to ensure approximately 10% of their
population was present.

The Aim Statements for the QI were: (1) achieve a sta-
tistically significant (P<.005, CI=95%) improvement
in stigma scores with an effect size of 0.3 or more im-
mediately following the training; (2) increase perceived
help-seeking behaviors by at-least 30% immediately fol-
lowing the training.

Guest Speakers

The first guest speaker (A) was a prominent, recently re-
tired, leader in the US Army. His biography includes be-
ing the most senior enlisted leader (command sergeant
major) in a high-level Army-command post. Speaker A
was already a public advocate for seeking help for men-
tal health challenges and had previously self-disclosed
receiving care for behavioral health in a newspaper arti-
cle. The second guest speaker (B) was a junior noncom-
missioned officer who had attempted but aborted suicide

resulting in psychiatric hospitalization. He had ultimate-
ly made significant recovery including promotion to the

next rank—highlighting a resiliency and success story.

Measurements of Quality Improvement

Outcome Measures: Primary outcomes were immedi-
ate, statistically significant (P<.05, CI=95%), intrasu-
bject, reduction in pre- vs post-training stigma scores
stigma scale items using a paired-samples ¢ test. The
secondary outcomes were at least 30% increase of per-
ceived positive help-seeking behaviors on the 3 scale
items. Details of the survey items and planning are pro-
vided below.

Process Measures: (1) Return rate of the surveys with
goal of 70% completed surveys, (2) satisfaction with
each guest speaker’s presentation.

Balancing Measures: The same measures as outcome
measures were used but to look for reversed effect of in-
creased stigma scores post-training. An additional com-
ment section was provided on the survey to capture any
unforeseen balancing measures.

Survey: During review of pre-existing literature, no
studies were found supporting guest speaker-based in-
tervention in reduction of mental health stigma at an or-
ganizational level. We planned to evaluate the event’s
efficacy by measuring 4 validated stigma items' in
our active duty Army audience before and immediately
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after the training. Data from prior surveys conducted in
our unit had these same 4 stigma items. We conducted
reliability and construct validity tests on the prior data
using SPSS (IBM Corporation, Armonk, NY). It had
shown good reliability (Crohnbach o=0.946) and con-
struct validity with these same 4 items with a single
component explaining 86% variance.

An additional 3 items were added in accordance with
survey design recommendations in the literature.'®
These were added to measure the impact of the training
on perceptions of help-seeking behaviors. These items
were modified for vocabulary and syntax based on 5
interviews with Soldiers to reduce language ambigu-
ity and improve question precision. The stem for these
items asked the audience member to select all that apply
with a checkbox next to each of the three items. The op-
tions to check included:

» Due to today’s training event, | am more likely to seek
mental health services for myself in the near future.

» Due to today’s training event, I am more likely to
have greater empathy for other Soldiers that are re-
ceiving mental health services.

» Due to today’s training event, I am more likely to
encourage other Soldiers who are struggling to seek
mental health services.

There was also a “none of the above” option.

The survey was a single 8 by 11 inch sheet of paper
with the top two-thirds of the page containing “Before
Training” and “After Training” sections in 2 columns.
While both columns had the same 4 stigma items, the
order was reversed. The bottom one-third of the sheet
contained the 3 additional help-seeking items. Overall
satisfaction was also measured with each of the 2 speak-
er’s presentations. Satisfaction with presentation ranged
from 1 (least satisfied) to 5 (most satisfied) on a Likert
scale. Additional space for comments was also available.

Doing Phase

Approximately 1,400 Soldiers participated in the train-
ing which was conducted in an auditorium. Due to the
size of the audience, the same intervention was deliv-
ered twice during the same day in a large auditorium in
October 2017.

Guest Speakers

Each speaker received a copy of the postintervention
survey and were informed that the objective of the train-
ing event was to reduce stigma scores on 4 distinct items
and to increase perceptions of help-seeking behaviors
listed on the survey. Author R.A. also coached guest
speaker B on presentation skills based on techniques
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used by the popular TED Talks,!” but the content was
determined by the speaker himself. Each guest speaker
spent approximately 40 minutes to deliver their talks.

Data Collection

Two hundred surveys were randomly distributed during
each session (morning and afternoon) with the goal of
sampling 20% of the audience in each group. Prior to
the guest speaker presentation, audience members were
asked to complete the 4 “Before Training” items on the
survey and then put the survey away. Upon completion
of the event, the audience was asked to complete the re-
mainder of the survey. Surveys were completed anony-
mously, and participation and submission were entirely
voluntary.

Studying Phase
Data Collection and Analysis

All data from collected surveys was entered manually
into a spreadsheet and imported into SPSS. A paired-
samples 7 test was conducted on stigma scale data with
before and after training values. A Cohen’s d was calcu-
lated for each of the 4 stigma items and total means of all 4
items. The Cohen’s d was calculated as (M2-M1)Apooled
standard deviation). A subanalysis was done to compare
the effect size difference between the group in upper and
lower quartile population of baseline total stigma scores.
The percentage totals of the audience were calculated for
each of the 3 help-seeking behaviors questions. Satisfac-
tion scores for each guest speaker on a Likert scale of 1-5
were calculated and the means were compared.

Results

A total of 361 (90%) surveys were returned representing
approximately 26% of the audience. The demographics
evaluation demonstrated predominantly younger and
lower-ranking enlisted Soldiers (Table 1). The before
and after training scale items showed good reliability.
The Crohnbach a for the 4 stigma items on before train-
ing and after training were 0.942 and 0.959 respectively.
The data was analyzed by means of principal compo-
nent analysis. All 4 stigma items loaded onto a single
component with an eigenvalue of greater than 1.0; the
scree plot also indicated only a single component, ex-
plaining 85.18% of the variance.

Results indicated significant reduction in stigma scores
following the guest speaker training. A paired-samples
t test showed the difference between before and after
training was significant with a small effect size (=8.128,
df=329, P<.001, 2-tailed, d=0.3). The baseline level of
stigma scores had significant effect on the effect size.
Analysis revealed scores for lower quartile population
(lowest baseline stigma scores) were not significantly

http://www.cs.amedd.army.mil/amedd_journal.aspx
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different. Whereas in the top
quartile population (highest base-

Table 1. Demographics of survey respondents

results found 43% of participants
reported they would be more like-

line stigma scores), a paired ¢ test

ly to seek mental health service for

showed that the difference be-
tween before and after training
was significant and the effect size
was large (1=7.825, df=76, P<.001,
2-tailed, d=1.17). Paired ¢ tests of

personal needs in the near future.

The audience reported higher lev-

el of overall satisfaction with the

presentation of guest speaker A

each individual item on the scale
also showed significant reduction
in stigma scores (Table 2).

Evaluation showed that a major-
ity of Soldiers (76%) perceived

(M=4.53, SD=0.850, #(2)=99.0,

P<.001) when compared to guest

speaker B (M=4.16, SD=1.049,

1(2)=73.23, P<.001).

Act Phase

(N=361).
Respondents | %n
18-20 65 19.0
21-25 145 42.3
A(%iéyfgéi) 26-35 102 29.7
36-45 30 8.8
46 and older 1 0.3
E1-E4 228 66.3
E5-E6 88 25.6
RankP | E7-E9 9 2.6
(n=344%) | 01-03 12 3.5
04-010 3 0.9
WO1-WO5 4 1.2

that the training event increased
their likelihood of encouraging
other struggling Soldiers to seek
mental health services. Results
also showed 67% of participants
reported increased likelihood of
demonstrating greater empathy
for Soldiers who are receiving

3The total of respondents for each category (Age, n=343;
Rank, n=344) does not equal the number of surveys
returned (N=361) due to no selections in these areas

by some respondents.

b Military rank structure:
E1-E4, lower enlisted ranks
E5-E6, junior noncommissioned officers
E7-E9, senior noncommisioned officers
01-03, company grade commissioned officers
04-010, field grade and general officers
WO1-WO05, warrant officers

Results of the training outcomes
were reviewed with commanders.
Feedback showed that the dura-
tion of the event was too long. The
audience recommended only one
guest speaker. As a result, the vid-
eo of the event was edited and only
the presentation by guest speaker

mental health services. Finally,

Table 2. Stigma scores before and after guest speaker anti-stigma presentation.
Stigma Item N2 | Mean SD SE t Significance | Effect
(mean) (2-tailed) Size
Members of my unit might
have less confidence 5.284 P<.001 0.23
in me.
Before Training | 343 | 2.21 | 1478 | 0.08
After Training 343 | 1.89 | 1.29 0.07
treat me differently. 7635 | P<00L | 031
Before Training | 346 | 2.3 1.491 | 0.08
After Training 346 | 1.88 | 1.253 | 0.067
| would be seen as weak. 6.02 ‘ P<.001 ‘ 0.26
Before Training | 342 | 2.24 | 1.515 | 0.082
After Training 342 | 1.88 | 1.28 0.069
It would harm my career. 6.985 ‘ P<.001 ‘ 0.32
Before Training | 340 | 2.3 1.518 | 0.082
After Training 340 | 1.86 | 1.27 0.069
Total Scores 8.128 ‘ P<.001 ‘ 0.3
Before Training | 330 | 2.248 | 1.397 | 0.077
After Training 330 | 1.86 1.197 | 0.066
chv:izrm%uartlle Baseline 1902 P=.059 0.3
Before Training | 139 1 0 0
After Training 139 | 1.0414 | 0.256 | 0.0218
Ug?gn%uartlle Baseline 7.825 P<.001 1.17
Before Training 77 | 4.377 | 0.583 | 0.066
After Training 77 | 3.334 | 1.195 | 0.136
aN values presented for a given Stigma Item correspond to the number of responses completed for
that item from surveys returned and do not equal the total of returned surveys (361).
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A was disseminated throughout
the division, given that he received
higher satisfaction scores when com-
pared to guest speaker B. The unit
intends to use the video in future
training events.

COMMENT

Military units nest various types of
prevention and intervention to di-
rectly or indirectly reduce the rate of
suicide and associated negative out-
comes such as failed suicide attempts
and untreated mental illness. An im-
portant pillar of these efforts is timely
and effective access to mental health
services. The US Army has expend-
ed significant resources to this end.’
However, stigma and perceived barri-
ers to mental health continue to be a
challenge despite the reported overall
reduction.® The US Army has devel-
oped specific training materials for
areas such as suicide awareness and
education under the Ask, Care, Es-
cort curriculum. It also relies on com-
mercial products such as Applied Sui-
cide Intervention Skills Training for
its primary and secondary gatekeep-
ers. However, no specific instruction-
al anti-stigma materials existed at the
time of the event.
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The meta-analysis by Corrigan et al'? identifies social
contact as the approach with greatest potential for re-
ducing stigma. We designed our anti-stigma training in-
formed by these concepts. The effect sizes reported by
Corrigan et al are large (Cohen’s d=0.63). Our results
showed Cohen’s d=0.3, a smaller effect size; however,
when we compared Soldiers in the upper quartile of
baseline stigma scores versus the lowest quartile, data
showed a large effect size (d=1.17) for those in the upper
quartile. What this suggests is that targeted interven-
tion in a group of Soldiers with higher baseline stigma
is of higher value than intervening universally. Number
needed to treat in other prevention programs tend to be
much lower for targeted prevention when compared to
universal prevention.'™ This highlights the need for
units to conduct behavioral needs surveys and do tar-
geted prevention and interventions whenever possible to
obtain better effect sizes. Our results support the use of
the 4-item stigma survey " with excellent reliability and
construct validity in this population.

While the observations from our intervention are sup-
portive of guest speaker events in a military unit, a
number of questions still remain which highlight the
limitations of our current understandings. First, these
observations are from a QI to help develop training cur-
riculum and not a formal research trial. The stigma out-
comes were measured immediately following the event.
It is unclear what happens to these reported changed at-
titudes and beliefs over time. Stigma tends to be higher
among persons with greater psychiatric symptoms.” We
did not measure psychiatric symptoms among our audi-
ence which would have allowed for assessing differenc-
es in response among those with high versus low psy-
chiatric symptoms. The audience reported positive and
productive perceived behaviors but it is unclear to what
extent this translates to enacted behaviors. Interestingly,
more participants reported positive perceived behaviors
towards helping others to seek help as opposed to their
own future help-seeking behaviors.

Additionally, there were 2 guest speakers, with guest
speaker A receiving higher level of audience satisfaction
compared to guest speaker B. It is unclear whether the
positive outcomes resulted from collective contact with
both speakers, or from unequal proportions with one
speaker contributing greater effect to the results noted.
Although we intended the intervention to predominantly
affect the audience through social contact theory, there
were other components of anti-stigma theory which
were incorporated into the event including awareness
and advocacy. It is unclear which training content and
delivery yields the greatest effect and feasibility for fu-
ture military training events.
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This training event only reached approximately 10% of
the unit members. Based on the small effect size in this
universal intervention design, it is unclear whether this
is clinically relevant at the population level. Lastly, our
audience was predominantly infantry and it is unclear
if occupational specialty correlates with response to
anti-stigma interventions. We intend to provide video
recordings of the event to the remaining Soldiers in the
unit, although video-based interventions tend to be less
effective than in-person interventions.'? The effect of us-
ing videos from such events is currently not known.

Recently, there was a report of training designed to in-
crease support toward military personnel with mental
health problems.?® The strengths of the study are using
implicit association testing and both immediate and
3-month follow-up. However, given the academic nature
of this particular study, external validity of the training
and accessibility for a typical commander in the field
is unclear. More research is needed in the area of anti-
stigma intervention, both in the general population and
the military. This includes a more systematic evaluation
of various educational content including head-to-head
comparisons to identify the best approach for reducing
stigma among military service members.

Despite these limitations and the QI nature of our obser-
vations, our findings highlight a potential simple and in-
expensive intervention that is unobtrusive and reached
approximately 1,400 Soldiers very quickly. A targeted
approach would have likely yielded better results with
greater effect sizes. Future interventions should be un-
obtrusive to unit training schedules, inexpensive, re-
producible, accessible and easily implemented in large
populations in military organizations.

CONCLUSION

Guest speakers willing to self-disclose their mental ill-
ness and help-seeking behaviors appear to reduce imme-
diate stigma scores among a large audience of active duty
Soldiers. This type of event also appears to improve per-
ceived attitudes and beliefs about help-seeking behaviors
and increase empathy towards the stigmatized group.
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Lessons Learned: Military Screening for
Posttraumatic Stress Disorder

ABSTRACT

Tiffany L. Schweitzer, PhD, MHA, RT(R)
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The purpose of this study was to assist military communities of interest to more accurately identify service
members who may have emotional and behavior disorders. Specifically, this study identifies service members’
perceptions of the Department of Defense Post-Deployment Health Reassessment (PDHR A) screening instru-
ment for posttraumatic stress disorder (PTSD). Findings were that responses to the PDHRA were related to
how it was administered and the respondents’ perceptions of how the PTSD diagnosis could affect the ability
to obtain jobs and obtain promotions. Recommendations include implementing a screening environment free
of distractions, involving family members, and assuring a confidential PTSD diagnosis.

The purpose of this study was to assist military com-
munities to more accurately identify service members
who may have emotional and behavior disorders. Spe-
cifically, this study identified respondents’ perceptions
of a screening process for posttraumatic stress disorder
(PTSD).

Psychological injuries of warfare include PTSD, a high-
ly comorbid condition associated with increased suicide
risk among military and veteran populations.! Veterans
often report mental anguish, guilt, and disconcerting
thoughts about actions taken during war.? The Depart-
ment of Defense (DoD) Post-Deployment Health Reas-
sessment (PDHRA) is required for all members of the
Marine Corps (hereinafter referred to as Marines) to
identify any health consequences from deployment.?
As discussed by Wisco et al,* effective screening tools
are integral to the diagnosis and treatments for PTSD.
Findings from a study by Aralis et al® were indicative of
the PDHR A producing an underestimated prevalence of
postdeployment health concerns.

Marines displayed increased symptoms of PTSD after
experiencing combat deployments.” Symptoms of PTSD
were common occurrences for service members return-
ing from Operations Iraqi Freedom and Enduring Free-
dom.® In addition, Aralis et al® found that redeployment
as well as prolonged combat exposure and engagement
have placed Marines at an increased risk for developing
signs and symptoms of PTSD.

Veterans have experienced difficulty with self-efficacy
and the meaning of life with PTSD and depression. A
study by Blackburn and Owens’ indicates that an un-
derstanding of self-efficacy can help with overcoming
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stressful situations resulting from PTSD. Bush et al®
found that self-monitoring and reporting of mood
through mobile applications has helped to increase
awareness of symptoms among military personnel ex-
periencing PTSD.

The culture of the Marines embodies standards of honor
and fortitude. Marines must always be physically pre-
pared to perform their military tasks.” Difficulty in
maintaining this standard can cause stress and unwant-
ed anxiety among Marines. According to Hart,'" this
Marine standard conflicts with the associated stigma
of debilitating PTSD symptoms such as depression and
suicidal ideation.

Comprehensive screening can help inform treatment
planning.” Veterans have delayed and avoided seeking
treatment for PTSD symptoms because of self-stigma
and social stigma associated with PTSD. Likewise,
public stereotypes of PTSD have dissuaded some
service members from seeking help."" In addition,
PTSD diagnoses may be missed if Marines taking the
PDHRA are not forthright in their responses because
they fear the stigma and ramifications of being identi-
fied with PTSD.?

Research about Marine veterans’ perceptions of the
PDHRA screening process is limited or missing from
the literature. Exploration of Marines’ perceptions in
this area may assist the DoD and health professionals to
develop a screening tool that results in accurate diagno-
ses, effective treatment, and less stigma. The purpose of
this study was to identify postdeployment Marine veter-
ans’ perceptions of the DoD PDHRA screening process
for PTSD.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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METHOD

We conducted a qualitative phenomenological study by
interviewing postdeployment Marine veterans who re-
sided in a community near the Marine Corps Recruit
Depot Parris Island, South Carolina. The study was
guided by 2 research questions (RQ):

» RQI: What are the perceptions of Marines about the
PTSD screening process?

» RQ2: How does the potential stigma surrounding
PTSD hinder the decision of Marines to report
PTSD symptoms while completing the
PDHRA?

Bandura’s social cognitive theory (SCT), which captures
a triadic relationship among person, environment, and
behavior, served as the theoretical framework to ground
the study.'”? A pilot study with 2 Marines validated 13
open-ended interview questions developed from the 2
research questions. Next, a convenience-based sample
of 10 participants developed from Marines who volun-
teered after seeing a solicitation flyer in the local Veter-
ans of Foreign Wars hall. Flyers were distributed to Ma-
rines who met the inclusion criteria of postdeployment
Marine male veterans who experienced the PDHRA and
spoke English. The interviews were conducted face-to-
face on an individual basis in a private library setting.

RESULTS

Study findings were incorporated in the SCT frame-
work of personal factors, environmental factors, and
behavioral factors, as shown in the Figure. The personal
factors related to interpersonal characteristics included
age, rank, number of years in the military, the number

PDHRA DEPLOYMENT

MARINES Social ENVIRONMENT
BEHAVIORS Cognitive STIGMA
e Military culture Theory e Job related
e Beliefs e Obtain )
e Integrity . C;())rri?r:ﬁt;ons
e Norms I
e Organization RQ1 asglgnments
structure e Retirement .
e Administration e Self-perception
e Outcomes e Weakness
. PDHRA .

\ ®* Reprecussions Instability

Study findings were incorporated in the SCT framework of
personal factors, environmental factors, and behavioral
factors.
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of times deployed, and references to family life. The en-
vironmental factors related to external factors included
deployment and experiences during deployment. The
behavioral factors referred to PTSD-related behaviors
and symptoms.

Interview Questions and Responses

The 13 interview questions (IQs) aligned with the re-
search questions in order to address Marines’ perceptions
and responses to the PDHRA process for PTSD. Each of
the 10 Marines (n=10) answered all of the questions.

Research Question 1

To answer the first research question, “what are the
perceptions of Marines about the PTSD screening pro-
cess?”, the SCT aligned with IQ1 through 1Q7 and ex-
plored areas of behavior, environment, and Marine par-
ticipant perceptions.

Specifically, IQ1 through IQ5 allowed for investigation
into the characteristics of each Marine along with his
rank, age, gender, years of service, and number of de-
ployments outside the United States, presented as demo-
graphic data in the Table.

Interview question 6 examined each Marine’s experi-
ence with taking the PDHRA. Eight participants felt it
was a waste of time, another 3 thought it was helpful for
future junior Marines, and 3 felt the PDHRA was not
anonymous.

Interview question 7 explored any difficulties the Ma-
rines experience with taking the PDHRA. Six Marines
reported the assessment questions were clear. Seven
Marines felt the assessment questions were redundant,
and all 10 Marines felt the assessment was too long and
time-consuming.

Research Question 2

The second research question, “how does the potential
stigma surrounding PTSD hinder the decision of Ma-
rines to report PTSD symptoms while completing the
PDHRA?”, was addressed by 1Q8 through 1Q13. Inter-
view question 8 examined sections of the PDHRA for
which the Marine might not be forthcoming with honest
answers. Eight of the Marines reported that they might
not be forthcoming in responding to questions about al-
cohol and drug use. Nine Marines indicated they would
not reply honestly to questions about having trouble
falling asleep or staying asleep. Seven Marines would
not admit to having reported disturbing dreams. Fi-
nally, 6 Marines would not admit to feeling bad about
themselves.
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Interview question 9 examined factors that

FOR POSTTRAUMATIC STRESS DISORDER

might adversely affect the Marine’s future

status after completing the PDHRA. Eight
Marines reported that there may be a stigma

attached to them. All 10 Marines felt that

promotion might be negatively affected.

Six Marines felt that favorable assignments

might be at risk. Finally, 9 Marines felt that

they would not be able to complete a 20-year
career into retirement.

Interview question 10 examined reasons

why the Marines felt uncomfortable with
taking the assessment. All 10 Marines re-

Demographic characteristics of participants.
Participant Rank Age | Gender | Years of | Number of
Service | Deployments

Participant 1 | First Sergeant 41 Male 22 1
Participant 2 | Chief Warrant Officer 3 | 43 Male 25 4
Participant 3 Major 42 Male 20 3
Participant4 | Major 44 Male 24 6
Participant 5 | Chief Warrant Officer 4 | 52 Male 22 7
Participant 6 | Chief Warrant Officer 2 | 48 Male 20 5
Participant 7 | Gunnery Sergeant 56 Male 20 2
Participant 8 | Staff Sergeant 38 Male 18 5
Participant 9 | Staff Sergeant 36 Male 16 2
Participant 10 | Staff Sergeant 47 Male 20 5

ported that the assessment was administered
in an inappropriate environment because other individ-
uals were in the room. While taking the assessment, 8
Marines were conscious of the possibility of repercus-
sions after completing the assessment. For example, 8
Marines were concerned about being referred to a medi-
cal evaluation. Six Marines questioned the value of the
assessment. All 10 participants were aware they may be
perceived as weak after the assessment was evaluated.

Interview question 11 examined negative stigma that
may be attached to PTSD within the Marine Corps. Six
of the Marines reported that PTSD does influence job-
related issues. Eight Marines felt that a PTSD diagnosis
would lower their self-perception.

Interview question 12 was designed to confirm respons-
es to 1Q9 and 1Q10 regarding the effect of negative stig-
ma on Marines’ answers on the assessment. Responses
to 1Q12 confirmed that all 10 Marines believed that a
negative stigma is attached to PTSD and taking the
PDHRA.

Interview question 13 was the last question and was
the foundation for our recommendations because it
explored ways that may assist the Marines to be hon-
est while answering the questions on the PDHRA. For
example, 9 Marines reported that the assessment envi-
ronment should be changed. All 10 Marines wanted to
ensure anonymity was maintained. All 10 also wanted
to remove the repercussions associated with responses
that indicate PTSD symptoms, especially those related
to career (military and postmilitary) and use the results
to provide help to Marines. Finally, 3 Marines want to
involve the family when possible.

Perceptions of Stigma Attached to PTSD

A number of themes emerged from the data regarding
the Marines’ perceptions of PTSD and attached stigma.
These themes were military culture, repercussions, and
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career. Within these themes were the following sub-
themes: beliefs, customs, norms, rules, structure, integ-
rity, concerns, impacts, and professional growth.

Military culture refers to military beliefs, customs,
norms, rules, and organizational structure that affect
perceptions of PTSD and may influence the integrity of
assessment responses. Repercussions refer to an aware-
ness or concern about consequences for Marines that
may occur from the PDHRA assessment results. The re-
percussions might range from being barred from carry-
ing a weapon to loss of security clearance. Career refers
to perceived effects of PTSD diagnosis or assessment
responses on a respondent’s career (remaining in ser-
vice, promotion, and retirement) or ability to perform
job-related tasks.

Military culture and privacy appeared to be an impor-
tant part of the experiences of Marines. This was evi-
dent by a participant’s statement:

I think surveys are just a check in the box, but, if you
have to sit down with a healthcare worker, it will be easy
to tie a connection. The healthcare worker should under-
stand what the unit went through on deployment and the
healthcare worker will get a better idea if the Marine is
answering the questions truthfully or not. Put an indi-
vidual in a private atmosphere where they feel comfort-
able and not sitting behind a computer punching several
buttons in a classroom setting. [ would suggest taking the
PDHRA in the home, but the majority of Marines that
experience this sort of stuff live in the barracks. There-
fore, home to that young man or woman is many miles
away from where they live. Home in their mind is where
the Marine comes from a year or two years ago rather
than where they are at now.

Another example was the belief that Marines needed to
be tough and should not display weakness or admit to
needing help for current alcohol issues. This was evi-
dent in a participant’s statement:
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We know there are consequences if we disclose that we
drink more than a couple glasses of alcohol. The admin-
istration denies this, but they send Marines to medical
for alcohol treatment if they disclose drinking more than
a couple of drinks per week. Also, if they do not com-
plete the treatment it will result in termination from the
Marine Corps. Marines should understand the benefit of
answering this question honestly. I would suggest revis-
ing the PDHR A and promote its importance and benefits
to ensure Marines are getting the best care possible.

This theme is also evident in another participant’s
statement:

Most people are worried about their careers and promo-
tion so they are going to lie on the PDHRA. After Ma-
rines put in retirement papers they can tell the truth and
not face being portrayed weak from fellow Marines.

Repercussion was an important theme as well. The evi-
dence was seen when a participant stated:

I would not answer the night sweats question on the
PDHRA truthfully in fear of repercussions such as my
weapon being taken away and security clearance being
revoked if I answered I experienced night sweats.

Another participant’s statement exposed the theme of
career:

Most people are worried about their careers and if you
have been in 10 or 15 years, you know you are still look-
ing at getting promoted. You are still worried about
your career and you are going to lie. Most Marines say
that when you put in the retirement papers is when they
start going to the doctor and telling the truth because
they know the need for additional medical benefits after
retiring.

One Marine expressed that he was honest on the
PDHRA because he wanted to help others that assumed
his role. He gave in-depth detail about his night terrors
and waking up holding his wife in a choke hold position.
The experiences led to sleeping on the couch for 2 years.
Sleeping on the couch was not because of a lack of love
for his wife and the desire to sleep with her, but to pro-
tect his wife from his involuntary actions that occurred
as the result of PTSD.

COMMENT

This study’s findings are suggestive of the need for
changing perceptions of PTSD among Marines and de-
veloping revisions for an effective PTSD screening. The
findings were validated through the Marines’ answers to
this study’s research questions. Marine participants in
this study reported that administration, outcomes, ques-
tions, and repercussions are all related to the PDHRA
and the promotion of an effective PTSD assessment.
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The participants reported that attached stigma resulting
from the diagnosis of PTSD could affect the ability to
obtain or continue assignments, complete a job, obtain
promotions, and retire. Likewise, the self-perception of
the attached stigma affected how the Marines viewed
themselves and how other individuals or Marines may
see them as weak or mentally unstable.

The first recommendation was to validate these findings
with surveys of participants with different demograph-
ic characteristics. This includes exploring female and
younger, more diverse Marines. In addition, surveys
should be also conducted at the Marine Corps Recruit
Depot, San Diego, to determine whether there are differ-
ences based on location and command climate.

The second recommendation was to ensure that the
diagnosis of PTSD remains private throughout their
diagnosis and treatment, as noted by the participants.
The Marines suggested not informing their superiors
and others of their diagnosis and to ensure that access
to a Marine’s PTSD diagnosis was only authorized for
healthcare providers. The Marines felt that if superiors
knew their diagnosis, they would be treated differently.

The third recommendation was to implement changes
to the environment in which the Marines take the as-
sessment. Specifically, instead of a room full of Marines
and computers, the assessment should occur in a private
setting with no distractions or having a feeling of being
rushed to return to their duties. Also, they should be
assured that no one within their chain of command was
present.

The fourth recommendation was to involve family
members when taking the PTSD assessment. At times,
Marines may not reveal or even realize their behaviors
are abnormal. A family member can speak to the actions
and uncover behaviors that normally are not presented if
the Marine took the assessment privately.

The fifth recommendation was to remove adverse re-
percussions after the Marines’ responses indicate PTSD
symptoms. These repercussions relate to the Marines’
careers in the military and postmilitary jobs. Eliminat-
ing repercussions should allow the Marine to answer the
questions more honestly. This will alleviate concerns
of the Marines for such matters as fearing the loss of
access to assigned weapons, not being selected for pro-
motion, or missing duty by having to attend numerous
medical appointments. The eliminated repercussions
should allow the Marines to take the assessment with an
open mind and not fear adverse consequences for their
answers.
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The final recommendation was to ensure that it is evi-
dent to each Marine that the PDHRA will contribute
to helping other Marines. The Marines suggested that
there should not be a perception that the PDHRA is sim-
ply one component of the process to push them through
the assessment system. Instead, they wish to ensure
that their answers will aid others with the same issues.
In addition, Marines recommend healthcare providers
look at the bigger picture, see that Marines’ lives matter,
provide them with positive reinforcement, and not take
away what makes them a Marine.

CONCLUSION

The findings of this study should assist military health-
care providers in the more accurate identification of in-
dividuals who may have emotional and behavior disor-
ders by taking into account an individual’s perceptions
of a screening process for PTSD. Specifically, this study
contributes to the understanding of how Marines per-
ceive and respond to the PDHR A. Findings of this study
are indicative that PTSD and associated stigma have a
significant effect on the personal and professional lives
of the Marines. Equally noteworthy was that the Ma-
rines indicated that they were not forthcoming with their
answers on the PDHRA. The first research question re-
vealed Marines’ concerns for administration, outcomes,
questions, and repercussions. The second research ques-
tion revealed Marines’ concerns for career, job-related
issues, self-perceptions, personal factors, and military
culture.

The Marines’ responses to their experiences may con-
tribute to revised diagnostic instruments with which
healthcare providers can more definitively recognize
PTSD earlier and provide treatment based on accurate
responses to the PDHRA. Thus, these results may give
insight on how to assess Marines who may have PTSD
and to expedite treatment and services to optimize their
personal, interpersonal, and professional well-being.
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ABSTRACT

Objective: This report outlines a multispecialty implementation effort which included 12 specialty practices
and 28 clinicians within Regional Health Command Europe (RHCE) and Landstuhl Regional Medical Center
(LRMC) to pilot an in-home virtual health (VH) program using existing resources.

Methods and Materials: Synchronous VH encounters were performed using an Acano desktop conferenc-
ing client (Cisco Systems, Inc, San Jose, CA) and a USB web camera at the provider (distant) site and the
patient’s own computer or device in the home. A web real-time conferencing (Web RTC) server provided the
connections.

Results: Between October 2016 and May 2018, 310 synchronous VH appointments to patients’ homes in 23
geographic locations in 9 countries on 3 different continents were completed; 28 skill type I and II specialty
providers at LRMC, SHAPE Belgium Army Health Clinic (AHC), and Vilseck AHC, Germany Primary Care
Clinic participated. The providers represented 9 distinct specialties and primary care. Appointment types were
as follows: 85 (39%) follow-up type appointments; 70 (32%) group type appointments; 65 (30%) initial special-
ty care appointments. The 3 most active clinics were Pediatric Gastroenterology with 88 (28%), the Nutrition
Clinic with 82 (26%), and the Traumatic Brain Injury Clinic with 63 (20%) encounters. Full audio and video
connectivity rate was 97%, excluding reconnects after dropped calls which occasionally occurred. Patient sat-
isfaction scores were high 16/17 (94%) with 5% of patients surveyed.

Conclusion: Low complexity synchronous VH appointments were successfully accomplished across a broad
spectrum of health care services and appointment types. Landstuhl RMC specialists received consults from
sites across a vast geographic area including Europe, the Middle East, and Africa. An in-home VH option gives
providers a special tool to extend services far beyond traditional boundaries. This pilot project helped RHCE
and LRMC providers gain valuable experience extending care to the home and will provide foundational

knowledge for future VH efforts targeting groups and outcomes.

BACKGROUND

In April 2016, the Army Surgeon General signed Opera-
tion Order 16-50 (Telehealth to the Patients Location).!
This operation order outlined in broad terms the imple-
mentation of a 3-year enterprise virtual health effort to
provide a platform for Army providers to reach benefi-
ciaries wherever they may be. The “home” became an
authorized “originating site” or place to deliver care.
It was made clear that acquisition and implementation
would be accomplished centrally through the Military
Health System (MHS). However, the operation order
did allow Army regions to pilot in-home programs with
Army Medical Command (MEDCOM) approval.

Subsequent to the issuance of Operation Order 16-50,
the FY17 National Defense Authorization Act (NDAA)?
was signed into law on December 23, 2016. For the first
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time, NDAA legislation contained language about mili-
tary virtual health services, including guidance to gath-
er information from the MHS about its virtual health
service activities, as well as recommendations about
what kinds of digital services the MHS should seek to
provide. Section 718 of the FY17 NDAA states the MHS
should:
Allow health care providers, through video conference,
telephone or tablet applications, or home health monitor-
ing devices— (i) to assess and evaluate disease signs and
symptoms; (ii) to diagnose diseases; (iii) to supervise
treatments; and (iv) to monitor health outcomes.
The FY17 NDAA language advances the idea that tech-
nology should be leveraged to provide some medical
services at the patient’s location. This progressive state-
ment gives credence to the idea that we need to rethink
how we deliver care. Requiring patients to travel to
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a fixed facility for every type of encounter is an anti-
quated model for the delivery of many types of health
care services. Additionally, rethinking the standard of
care paradigm offers new ideas regarding resourcing of
clinical staff and provisioning of clinics which could ul-
timately result in improved metrics for healthcare utili-
zation and return on investment.

In 2015, Regional Health Command Europe and the Re-
gional VH Group purchased a web real-time conferenc-
ing (Web RTC) server to provide conferencing capability.
The progressive thought process in choosing a Web RTC
server was to provide flexibility for connectivity and to
synchronize a variety of VTC signals across the spec-
trum of generic conferencing needs, as well as to provide
a capability for connectivity from outside the military
network. Web-based connectivity would be beneficial in
connecting to a wide range of groups such as US embas-
sies and remote NATO and other operational units spread
across a vast geographic footprint. The Web-RTC server
would provide for standard video conferencing functions
and allow virtual health activities to “piggy-back’ on the
server. No new network outlays for connectivity would
be required specifically for VH activities. This connec-
tivity arrangement functioned well within the RHCE
virtual network connection, providing a bridge for both
functions. The one additional outlay needed for VH to
be successful is people on the bridge to actively manage
calls. Testing and coordinating patients dialing in from
their own home computers represented a big challenge to
the RHCE VH Team. The RHCE VH Team made the de-
cision in October 2016 to pursue, in expectation of future
enterprise VH programs to the patient location, a pilot
program to establish an in-home virtual health capability.

OVERVIEW

This report outlines a multispecialty in-home virtual
health pilot conducted between October 2016 and May
2018. This effort focused on clinicians within the Re-
gional Health Command Europe military health care
delivery system. These encounters were with beneficia-
ries within the direct care system or who were in remote
areas where gaps in care existed in the Tricare Network.
Virtual health encounters to the homes were to patients
in which the specialists had received consultation and
for which the reviewer of consults felt there would be
some benefit either clinically, logistically, or both. The
next group of military beneficiaries examined for in-
home care were in the primary care space. At this stage,
we chose not to perform acute care assessments via in-
home virtual health, focusing rather on routine, stable
patient encounters, follow-ups, and group appointments.
That said, there are a number of use cases in primary
care which could be safely managed in the same manner,
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and will be part of future efforts. Most of the patients we
surveyed also told us that they would like to have visits
with their Primary Care doctors.

The chief aim of this effort was to evaluate the in-home
modality with a select number of specialties in order to
gain knowledge and experience within the RHCE Army
medicine community. Based on previous surveys, pa-
tient acceptance of VH programs has been very posi-
tive.** The challenge was in coordination of VH care,
thoughtfully selecting patients in a safe manner so that
all parties including the providers would have clinically
relevant and satisfying encounters.

METHODS AND EQUIPMENT

With requisite regulatory approvals in place, the RHCE
virtual health team set about organizing select clinics to
establish an in-home virtual health capability. The first
specialty care clinics which sought approval for in-home
VH pilots were Sleep Medicine, Pediatric subspecialties,
Nutrition, and Traumatic Brain Injury (TBI) clinics. Oth-
ers were added later. All of these clinics had robust VH
programs and experience within the Army’s European
VH network connecting outlying clinics with LRMC.

This new process required a change in thinking about
the originating site which in traditional VH is a clinical
access station which has a nurse running the station with
dedicated appointment times. Providing an in-home op-
tion for patients meant that the patient would be logging
in at a set time in the middle of a busy providers clinic.
We employed a tried and true method employed in our
Region for new virtual health programs, dividing plan-
ning into preappointment activities, day of appointment
activities, and post-visit activities. The VH Team met
first with individual clinic leaders to develop VH ap-
pointing guidelines, review patient safety, consent, and
other VH attendant provision of care items. We added
VH appointing guidelines and processes as an adden-
dum to their existing VH standard operating procedures.

Encounter types included initial specialty care, follow-
up, screenings, and educational class encounters. Land-
stuhl RMC specialists received consults from a large
area of responsibility (AOR). Virtual health to the pa-
tient’s location would also be used as care coordination
tool to gather pertinent information, history, and review
of systems to determine if a patient should travel to
LRMC. If a VH care coordination visit to the patient’s
home resulted in the need for travel, coordination of the
care prior to travel could be accomplished. This type
of encounter is typically a face-to-face verbal exchange
of information and usually does not require a physical
exam or collection of vital signs.
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Additionally, we built a back-up safety plan for the ap-
pointing process by making sure the physical address
of the patient was in the appointing system and readily
available and obvious for the provider at the time of ap-
pointment. There exists the theoretical risk of a patient
who is alone in their house having a seizure which would
mandate that the witnessing doctor, physican assistant
(PA), or nurse at the distant end activate the emergency
medical system. Procedures were established and taught
to clinic support staff.

Synchronous VH encounters were performed using the
Acano desktop conferencing system (Cisco Systems, Inc,
San Jose, CA) and a USB web camera (web cam) on the
provider’s (distant) desktop monitor (Figure 1). The pa-
tients used their own internet connection in their home
and typically used their laptop computer or tablet with
an embedded web cam. Connectivity was accomplished
using the internet via a secure, actively managed Web
RTC connection.

RESULTS

This pilot produced the Army’s very first in-home virtu-
al health visit in October 2016 by author R.J.C., a LRMC
pediatrician. Between October 2016 and May 2018, 310
synchronous VH appointments to patients’ homes were

such as France, Spain, and locations in Africa and the
Middle East. Six (2%) appointments could not be ac-
complished due to connectivity issues and 2 visits were
audio only. This was mostly related to low-bandwidth
problems at the originating site. Full audio and video
connectivity rate for scheduled visits was 97.5%, ex-
cluding reconnects after dropped calls, which occurred
occasionally. All patient calls were actively managed by

| *d
Figure 1. Author LTC Cornfeld conducts the US Army’s first in-
home virtual health appointment in October 2016.

completed by 28 providers rep-

resenting 12 distinct special- Pediatric Gl
ties (Figure 2). These skill type
I and II providers were located Nutrition

at Landstuhl Regional Medi-
cal Center, SHAPE Belgium
Army Health Clinic (AHC), and
Vilseck AHC Germany Primary
Care Clinic. Appointment types
consisted of future or follow-up
appointments (41%), group type
appointments (36%), and routine
encounters (3%). Three clinics
accounted for 75% of all visits:
the Pediatric Gastroenterology
Clinic with 88 (28%) encounters;
the Nutrition Medicine Clinic

TBI PT/OT/Rehab

Speech Path

Sleep

Peds Lactation

TBI Neurology

EDIS*

M Encounters by Specialty
[ Number of Providers

with 82 (26%) encounters; and Pediatric PT 12
the TBI Clinic with 63 (20%) 11
encounters. The average number Pediatrics § |
of encounters seen by providers 11
was 11.0. The patient locations Allergy §
mirrored the locations from 11
where LRMC receives consults Pulmonary §,
and represented 18 different geo- 0

graphic locations (Figure 3), the
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majority being in Germany with
others including remote locations

Figure 2. In-home virtual health encounters by specialty and the number of healthcare
providers involved. *EDIS indicates Education and Developmental Intervention Services.
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care provider. Regarding whether the “the

Wiesbaden, GE 55 1n—home VH appointment was easy to set up,
E \ \ ! patient responses were somewhat mixed with
Stuttgart, GE | : : Y 25% either neutral or negative.
*Oth 30
o | | COMMENT
Grafenwoehr, GE 29 .o .
] ‘ ‘ 53 This in-home VH Pilot demonstrated that
Baumholder, GE | : : with few resources and the right kind of
Vilseck, GE | | 20 equipment, an in-home VH program can be
Shape, BG 19 implemented ‘in a cost e.ffe.ctive manner. Key
i : elements are in place within RHCE which al-
Spangdahlem, GE 14 . . .
- ! low innovative VH programs to proliferate.
France | . 13 Those key elements include (1) Region and
Geilenkirchen, GE 10 LRMC leadership commitment to VH com-
Hohenfels, GE | | 10 bine.d with dedicatqd staff and providers, (2) a
. . 8‘ flexible platform with WEB-RTC technology,
Vincenza, IT | ! and (3) a functioning virtual network connec-
Italy | 7 tion with technical staff dedicated to VH.
Brussels, BG 6 . . .
_ ] The providers themselves decided which pa-
Kaiserslautern, GE 4 .
. tients to see or follow-up, and therefore under-
Spain |11 3 stood the clinical context in which they were
Ansbach, GE | 3 seeing the patients. For some services, this
Landstunl, GE |1 2 modality provided a method to rea}ch outtoa
_ > large AOR to collect first-hand clinical infor-
Ramstein, GE | mation directly from the patient or patient’s
Bahrain |1 2 family. Virtual health to the patient’s location
Zambia Il 1 provided a stressless way to follow-up with a
. W1 patient who did not necessarily need another
omania | clinic screening or in-person visit to perform
Poland | 1 a simple, uncomplicated follow-up or partici-
0 10 20 30 40 50 60 | patein a class. Interestingly, not only patients
Number of Consultations who lived far away participated. Many pa-
Figure 3. Geographic locations of patients originating in-home virtual health tients within th.e 'hospltal s own cqmmunlty
consultations. elelcted to participate. Several patients who

RHCE bridge managers by quality checking audio and
video with originating and distant sites, and assignment
of a unique 4-digit PIN number to create a 2-level log-in
security. The VH group conducted a small telephonic
survey of 12 patients who had completed in-home vis-
its and asked some simple satisfaction questions based
on a 5-point Likert Scale. Patient satisfaction data with
care was independently evaluated by the TBI clinic que-
rying 5 patients using the Neuro-Rehabilitation Patient
Satisfaction Survey with a 4 question Likert scale. Total
number of surveyed patients was 17 (5%).

Of patients surveyed, 16/17 (94%) were satisfied with
their in-home visits. All 12 telephonic survey patients
agreed or strongly agreed with the statement recom-
mending an in-home visit to other patients. Nine of
twelve (75%) respondents answered positively that they
would like to have an in-home visits with their primary
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lived within just one or 2 kilometers chose
an in-home visit over the stress of dealing with driving,
parking, and waiting rooms.

In the case of the TBI Clinic, this new modality was
viewed as potentially transformational in terms of a
stronger rapid response time from head injury to acute
management and treatment. The LRMC TBI Clinic’s 11
providers constitute a true multidisciplinary care model.
Nearly all providers participated in evaluating in-home
VH patients including physical medicine and rehabilita-
tion, occupational therapy, physical therapy, psychology,
neuropsychology, 2 primary care providers, (nurse prac-
titioner and PA), and nurse case management. A future
research trial validating the use of emerging technology
and the telehealth platform is planned for the very near
future. Connecting with a patient with a known concus-
sive event in their environment to perform a TBI screen-
ing could save significant time and put the patient into

http://www.cs.amedd.army.mil/amedd_journal.aspx
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the TBI care and support community faster and more
efficiently.

The Web RTC server functioned very well, provid-
ing excellent connectivity with a high rate of success
over a geographically very broad, multicontinent AOR.
According to bridge managers, this rate of connectiv-
ity (97%) remains solid as home internet connectivity
in European countries for most families demonstrates
sufficient requisite upload and download speeds and
low latency. The Web RTC server used for this pilot

was acquired in 2015 and had undergone Department
of Defense (DoD) Information Assurance Certification
and Accreditation Process, a risk management assess-
ment certification addressing issues such as cybersecu-
rity with expiration in 2018. However, 4 months into our
pilot, Army MEDCOM requested a pause to “outside”
dial-ins in order to perform a more current and rigor-
ous certification and accreditation process called risk
management framework which certifies DoD informa-
tion systems that operate on DoD networks. This pro-
cess required 5 to 6 months between February and July
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Figure 4. Monthly in-home virtual health encounters during the Regional Health Command Europe pilot project from October
2016 (month 1) through May 2018 (month 20). The reduced encounter activity beginning in month 5 and continuing through
month 10 was necessitated by the risk management framework certification and accreditation process required for all DoD
information systems operating on DoD networks. *EDIS indicates Education and Developmental Intervention Services.
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2017. The downturn in monthly activity is shown in Fig-
ure 4 beginning after month 4 (January) and continuing
through month 10 (July). Following accreditation of the
Web RTC server, the pilot resumed in August 2017 and
continues to the present.

CONCLUSIONS AND RECOMMENDATIONS

Regional Health Command Europe and LRMC provid-
ers care for Army, Navy, and Air Force patients and their
families across a large AOR, both in garrison and re-
mote and operational settings. The expectation that pa-
tients must travel to a clinic or hospital, no matter how
far, to see a provider seems an antiquated model for the
delivery of care in the 21st century. When thoughtfully
employed, in-home VH is a valuable tool to mitigate
the cost and expense of travel to and from the medical
facility, as well as force multiplier to maintain a ready
military force. Patient satisfaction appears to be very
high when we bring services to patients in their space
and environment. With modest investment in resources
using a Web-RTC server as a simple method of connec-
tion, a dedicated team of providers are ready to expand
in-home care efforts. This initial effort may also serve
as a model for other military health systems and regions
interested in piloting in-home VH programs. All mili-
tary beneficiaries can and should have an in-home op-
tion for routine, low risk care. Against the backdrop of
increasingly “VH literate” communities and culture, ex-
panding in-home VH including primary care and behav-
ioral health with a focus on access, safety, and outcomes
should be pursued. The vision is to give providers and
patients within our care delivery systems an in-home
VH option to augment the already excellent in-person
care to improve access and outcomes for the benefit of
both patients and healthcare providers.

The DoD should critically assess direct-to-consumer
models which still have some lingering quality and cost
concerns when treating acute care patients.” Antibiotic
prescribing rates for VH vs in-person visits, for example,
have been shown to be significantly higher for UTI and
sinusitis.® The ultimate aim is to thoughtfully integrate
an in-home VH option as part of the normal care benefi-
ciaries receive. Access to care and patient and provider
satisfaction should be closely linked to clinical out-
comes. In-home behavioral health (BH) is another area
for which stable, low risk patients can benefit. Although
behavioral health was not a part of this effort, both clini-
cal effectiveness and economic benefits can be achieved
when BH patients possess requisite computing hardware
and internet access at home.”®
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with Femoroacetabular Impingement
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ABSTRACT
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Sexual dimorphism describes differences in biologic response between males and females due to inherent chro-
mosomal differences. These differences similarly affect orthopaedic-related injuries and treatment outcomes
as seen with femoroacetabular impingement, an abnormal hip morphology where females have shown worse
hip function scores than male counterparts before and after surgery. Potential dimorphic factors that increase
susceptibility of females to injury and/or worse outcomes may include joint laxity, hip morphology, and osse-
ous biology. This article reviews the relevant literature of prevalence, presentation, management, and outcomes
that characterize sexual dimorphism as it relates to femoroacetabular impingement.

Sexual dimorphism describes differences in biologic re-
sponse between males and females due to inherent chro-
mosomal differences.! Though often used to describe
anthropomorphic differences between sexes, the term
can be extended to include specific anatomic, physi-
ologic, psychological, and behavioral differences.?

Thus, sexual dimorphism similarly affects orthopaedic-
related injuries and treatment outcomes as seen with
shoulder instability, ACL injuries, stress fractures, and
femoroacetabular impingement.> Dimorphic factors
that have been shown to increase the susceptibility of
females to musculoskeletal injuries and/or worse out-
comes may include joint laxity, hip morphology, and os-
seous biology.*

Femoroacetabular impingement (FAI) is an abnormal
hip morphology resulting in an abutment between the
proximal femur and acetabular rim.’> These abnormali-
ties of the acetabulum and/or femur ultimately lead to
damage within the joint.® Seen most frequently in active
adolescents and young adults, FAI is widely recognized
in the athletic patient population.”® The 2 most common
types of FAI include cam-type, most prevalent in young
males, and pincer-type, most frequently seen in middle-
aged females.>®'> While the clinical presentations are
similar for both types of FAI treatment outcomes have
differed between sexes. The purpose of this article is
to review the relevant literature to characterize sexual
dimorphism as it relates to FAIL

WHAT 1s FAI?

The 2016 Warwick Agreement defines FAI as a syn-
drome of a motion-related clinical disorder of the hip
with a triad of symptoms, clinical signs, and imaging
findings." It represents symptomatic premature contact
between the proximal femur and the acetabulum.” There
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are 2 main morphologies described for FAI syndrome:
cam-type and pincer-type. In cam-type morphology, the
proximal femur osseous morphology is characterized by
an aspherical cartilage extension at the anterosuperior
head-neck junction that abuts against the acetabular rim
with flexion and internal rotation of the hip."'® In pin-
cer-type morphology, the abnormal acetabular rim pro-
duces relative overcoverage of the femoral head leading
to a decrease in motion between the femoral head-neck
junction and acetabulum.*® Over time, these changes
can cause significant pain, chondral delamination, and
labral dysfunction, ultimately leading to degenerative
changes in the hip and premature osteoarthritis.”'®2' As
pathologic changes rarely occur independently of one
another, a mixed cam and pincer-type morphology is the
most common type of FAI syndrome seen in the general
population.®*?

PREVALENCE, CLINICAL AND DIAGNOSTIC PRESENTATION

The prevalence of FAI syndrome is estimated to be be-
tween 10% and 15% of the general population and is pre-
dominantly seen in active adolescents and young adults
involved in impact sports such as collegiate football and
basketball.'*?3% Moreover, there is a high prevalence
of asymptomatic abnormal radiographic impingement
morphology in the adolescent population.?® Consequent-
ly, due to the wide spectrum of normal variance, using
hard-set static radiographic parameters when weighing
surgical management should be used cautiously in pa-
tients with FAT syndrome.?

Typically, FAI syndrome presents as an insidious onset
of poorly characterized deep groin pain or discomfort.
However, there can be wide variation in the location,
nature, radiation, severity, and precipitating factors that
characterize this pain. While most patients report pain
in the groin or hip, pain is also reported in the lateral hip,
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anterior thigh, buttock, knee, lower back, lateral or pos-
terior thigh.?” This pain is aggravated with activity and
active hip motion.” In females, FAI syndrome can pres-
ent with significantly more disability, despite generally
having less severe deformities and less intra-articular
disease in comparison to their male counterparts.” Fur-
thermore, although FAI is most commonly associated
with developmental morphogenic changes, a high index
of suspicion should also be maintained for patients with
clinical signs of impingement secondary to trauma or
previous surgeries undertaken for correction of devel-
opmental hip pathology.

The most commonly tested and the most sensitive clini-
cal examination finding suggestive of impingement of
anterior impingement is the flexion, adduction, and in-
ternal rotation test (FADIR)."”2° In the FADIR test, the
hip is flexed to 90° and forcibly adducted and internally
rotated.”! If anterior impingement is present, the patient
will describe reproduction of their pain with a sensitiv-
ity of 0.99.%

The cam-type morphology is most prevalent in young
and athletic males.®'®* It is theorized that due to in-
tense sports participation in male adolescents, there is
an increased risk of developing cam-type morphology
in this population.** Schmitz et al compared anteropos-
terior pelvic radiographs made with EOS imaging in
asymptomatic adolescents, demonstrating that 92.8%

the epiphysis down the proximal femoral neck.

Figure 1. Panel A: Lateral view of the right hip showing increased alpha angle (yellow lines with normal being less than 50°). Also
with decrease in femoral head neck offset (the difference between the solid white and dashed white lines (normal 8 mm).
Panel B: Anterior posterior view of the right hip showing the pistol grip deformity of the proximal femur with abnormal extension of

of participants demonstrated at least one parameter
suggesting impingement morphology.?® These findings
demonstrate that the emphasis for surgical management
should be tailored towards physical examination find-
ings in conjunction with the radiographic findings, and
not radiographic findings alone.

Within the US adult population, the ratio of asymptom-
atic cam-type morphology is 2:1 when comparing males
to females.?? Furthermore, the prevalence of cam-type
morphologies in asymptomatic adults has been report-
ed to be as high as 24% in males and 5.4% of females
with alpha angles parameters greater than 50.5°.°* The
Copenhagen Osteoarthritis Study reported a similar
prevalence of abnormal alpha angle finding with 17% in
males and 4% in female adults on anteroposterior pelvis
radiographs.*

Diagnostic radiographic findings in cam-type impinge-
ments include the alpha angle, pistol grip deformity,
and the femoral head-neck offset (Figure 1).1%1836 Spe-
cifically, the pistol grip deformity is more common in
males, with a prevalence of 19.6% compared to 5.2%
in females. Similar findings were reported by Laborie
and colleagues with a prevalence of 21.5% in males and
3.3% in females.” Moreover, alpha angles are signifi-
cantly decreased among females at 47.8° in comparison
to males at 63.6°."*" The lower symptomatic alpha an-
gles in females tend to be more shallow, have a lower
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total volume (males 433+471 mm?; females 89+124
mm?), and are more symptomatic with alpha angles
less than 50°°7*% Additionally, these subtle symptom-
atic cam-type morphologies in females tend to be in an
atypical location and smaller in size, thereby suggesting
that radiographic parameters may be modified based on
the above sexual dimorphic features to improve poten-
tial surgical decision-making.**’

Pincer-type morphologies are most prevalent in middle
aged active females and are more predominantly associ-
ated with anterior acetabular wall over coverage.**-'*%
Population-based studies have shown males to have a
significantly decreased focal and global acetabular ver-
sion compared with females, where focal acetabular ver-
sion in the 1-o’clock position was 15.5° and 18.3°; 21.5°
and 24.0° in the 2-o’clock position; and 20.2° and 24.3°
in the 3-o’clock position for males and females respec-
tively.* While Tannebaum et al found no statistical dif-
ference between sexes when assessing true acetabular
version (males: 19.1°, females 22.2°), males were shown
to have a posterior wall deficiency contributing to a relat-
ed acetabular retroversion.”” These findings lead one to
consider the relevance of dynamic factors that contribute
to the prevalence of pincer-type morphologies in females,
such as increased joint laxity that facilitates greater ex-
tremes of motion and increased pelvic tilt, or forward tilt
from weaker core musculature.*** Understanding these
differences between sexes in the presentation of FAI syn-
drome is important for establishing accurate diagnostic
algorithms for treatment and decision-making.*

Diagnostic radiographic findings for the pincer mor-
phologies include the crossover sign, posterior wall sign,
ischial spine sign, coxa profunda, protrusio acetabuli,
and lateral center-edge (LCE) (Figure 2). Schmitz et al
showed a significantly higher prevalence of coxa profun-
da in females compared with males, 87.8% and 75.6%
respectively.?® Furthermore, their data on asymptomatic
adolescents also suggest that the upper limit of normal
for LCE angle may be as high as 44° based on norma-
tive values from their study.?® The high prevalence of
coxa profunda illustrated above suggests that this pin-
cer-type morphology may be a variant of normal rather
than abnormal morphology, particularly among females.
As such, coxa profunda morphology in isolation of other
pathology may not represent true impingement pathol-
ogy in all cases and additional studies should be con-
sidered. There was no significant difference detected
among other signs of acetabular overcoverage.*®

TREATMENTS

Currently, there are no data to suggest a sex difference
in conservative treatment modalities.*® As such, the goal
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of first-line conservative management for FAI syndrome
includes education, activity modification, NSAIDs, and
core strengthening exercises. Although the above con-
servative therapies improve hip function and reduce
pain, the overall hip range of motion of the symptomatic
extremity does not improve in comparison to the un-
affected extremity.”” Once conservative measures have
been exhausted, surgical management is often explored.
However, due to the vague insidious symptoms of FAI
syndrome and overlap with other musculoskeletal con-
ditions of the hip, pelvis, and lumbar spine, definitive
diagnosis and surgical management of symptomatic FAI
syndrome is often delayed with average symptom dura-
tion of 3.1 years and an average of 4.2 (+2.9) healthcare
providers seen before eventual diagnosis.** Moreover,
surgical management that is excessively delayed can
place a patient at risk for an accelerated degenerative
disease and end-stage arthritic changes that may ulti-
mately require total hip arthroplasty. This postponed di-
agnosis is attributed to under-recognition of symptom-
atic FAI syndrome as a cause of hip pain secondary to
the degree of education and training among the various
healthcare providers regarding FAI syndrome.*

Current surgical interventions to manage FAI syndrome
include hip arthroscopy, a combined arthroscopic and
open approach, mini-open approach, surgical hip dislo-
cation, and anteverting periacetabular osteotomy (PAO).
However, few studies focusing on the surgical manage-
ment of open and arthroscopic techniques have shown
a large influence of sex in determining outcomes in the
surgical treatment for FAI syndrome.” Clohisy et al* ex-
amined the rate of surgically treated FAI syndrome and
found that females were more likely to undergo surgi-
cal treatment for symptomatic FAI syndrome than males.
Multiple studies have shown both open and arthroscopic
hip approaches were effective in pain relief and im-
provement in function with short-term (2 years or less)
and midterm (2 to 5 years) follow-up for both male and
females.*® Arthroscopy has shown equivalent functional
outcomes, using various functional outcome measures,
with a lower rate of major complications that include
osteonecrosis, deep infection, femoral neck fracture,
loss of fixation, and trochanteric nonunion when com-
pared to mini-open approaches and surgical hip disloca-
tion techniques.**¥ Furthermore, hip arthroscopy yields
meaningful improvements in hip function, as validated
with a mean difference before and after surgery exceed-
ing the minimal clinically important difference of the
iHOT-33 in majority of patients, regardless of sex.*-!

An alternative form of surgical management is the PAO
surgical technique often used for pincer-type impinge-

ment to reduce acetabular retroversion, and is one of
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Panel G: Normal LCE shown with LCE between 25° and 39°.
Panel H: Increased LCE shown with overcoverage greater than 40°.

Figure 2. Panel A: Crossover sign with the anterior acetabular wall (solid line) crossing over the posterior wall (dashed line) indicating
focal anterior over coverage.
Panel B: Ischial spine sign indicated by the arrow with the ischial spine projecting into the true pelvis, indicative of global acetabular
retroversion.

Panel C: Coxa profunda on the left with the acetabular depth (dashed line) projecting medial to the ilioischial line (solid line).
Panel D: Coxa protrusio on the right with the femoral head (dashed line) projecting medial to the ilioischial line (solid line).

Panel E: Posterior wall signs with the posterior wall (dashed line) lateral to the center of the femoral head indicated by a circle. This
represents posterior overcoverage or relative anteversion of the acetabulum.

Panel F: Decreased lateral center edge (LCE) angle of less than 25° demonstrating dysplasia.

the few surgical approaches to have an association as a
sex-specific treatment secondary to the increased preva-
lence of pincer-type morphology in the female popula-
tion.”” The anterosuperior quadrant of the acetabulum is
a primary weight-bearing area and removal potentiates a
high amount of stress during weight bearing. Thus, per-
forming preoperative hip version analyses with axial CT
or MR imaging should be considered to assess for the
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smaller subtle cam morphologies found in females pri-
or to anterosuperior and superolateral acetabulum rim
trimming to avoid increasing contact stresses at weight-
bearing areas that may accelerate hip degeneration.®’

We are unaware of any studies comparing PAO surgi-
cal outcomes for acetabular retroversion between sexes;
however, Ziebarth et al demonstrated males presented
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with a high postoperative rate of clinical signs of FAI
syndrome after PAO for developmental dysplasia of the
hip compared to the female population.*

OUTCOMES

Frank et al showed that older female patients have signif-
icantly lower hip function scores than male counterparts
before and after surgery.”® Furthermore, females have
a greater overall improvement of quality of life scores
after surgery with short-term (2 years or less) follow-
up, suggesting that females undergo surgery when they
are more highly disabled compared to males and may
have more to gain in terms of quality of life after sur-
gery.’%3% These sex differences observed in outcome
measures are multifactorial and may include a compo-
nent of perception where females perceive pain as more
limiting to function, whereas males may over-estimate
pain relief and functional performance.*

However a study by Byrd et al showed no meaningful
difference in long-term outcomes based on impinge-
ment morphology or between male and female patients
within a 2- to 10-year period after arthroscopic surgery
in a population consisting of young athletes with ages
ranging from 12 to 17 years.*® In comparison, a study
by Philippon et al demonstrated contrary findings in
a smaller prospective study of 60 active adolescents,
with female patients reporting significantly poorer hip
function than their male counterparts with midterm (2
to 5 years) follow-up after arthroscopic surgery in ado-
lescent population aged 11 to 16 years.’” This suggests
that females may have worse functional outcomes when
compared to males with short to midterm follow-up.
Continued research following surgical outcomes with
variances of duration of follow-up may narrow the clini-
cal outcome differences amongst sexes.

Outcome measurements are an effective tool for evaluat-
ing surgical functional outcomes for FAI syndrome pre-
and postoperatively. The most common functional out-
comes measurements reported to assess FAI syndrome
are the Harris Hip Score (HHS), Nonarthritic Hip Scale,
range of motion, pain scores, and patient satisfaction
(on visual analogue scales).”® Other primary clinical
outcomes cited in the literature to assess postoperative
outcomes include the use of the anterior impingement
test (flexion, adduction, internal rotation), modified
HHS, Short Form 12, Hip Outcome Score—activities
of daily living, and/or Hip Outcome Score—sport-spe-
cific.’”® The aforementioned measures are not validated
in patients with FAI syndrome but for labral tears, nor
are they applicable to the nonadult population (less than
23 years old). Interestingly, Impellizerri et al compared
the wvalidity, reproducibility, and responsiveness of
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the Oxford Hip Score (OHS) and Hip Outcome Score
measurements in patients undergoing surgery for FAI
syndrome and concluded that the OHS was an appro-
priate instrument for pain and function assessment in
those status post arthroscopic FAI surgery (47% male
and 53% female patients).” Despite the promise of these
outcome measures, evaluating and validating them in
all populations, particularly between males and females,
will be important for global use and assessing clinical
difference amongst various populations.*®

Patient satisfaction has been suggested as an important
domain for functional outcome assessment with preop-
erative expectations and the fulfillment of those expec-
tations influencing postoperative satisfaction more than
functional outcomes.®® A review by Kahlenberg et al
found that the quality of studies reporting patient sat-
isfaction after FAI surgery are low due to several dis-
crepancies in the reporting, including failure to gauge
patients’ initial expectations before the operative pro-
cedure, and further distinguishing expectations of out-
comes versus process of care satisfaction. Failure to de-
fine patient expectations before the operative procedure
may inaccurately assume that the functional outcome of
care is assessed rather than the process of care.' These
discrepancies may factor into the worse reported func-
tional outcomes in females after undergoing arthrosco-
py for FAI syndrome. There is currently no standard-
ized means for reporting patient satisfaction. With hip
arthroscopy being increasingly used to address FAI syn-
drome, little is known about the state of patient satisfac-
tion reporting after the treatment of FAI syndrome as
well as the relation of patient satisfaction to overall out-
come.® Delineating satisfaction relating to delivery of
care versus outcome of care plays an increasingly larger
role in defining the value of emerging orthopaedic inter-
ventions, particularly with surgical management of FAI
syndrome which has consistently shown worse patient
reported functional outcomes when comparing males to
females.”

Sexual dimorphisms in hip morphology, soft tissue lax-
ity, muscle mass, increased pelvic tilt, and dynamic joint
stabilization have been proposed as causes of the report-
ed outcome differences between males and females with
nonarthritic hip pain.*** In a 2014 study by Frank et
al, hip capsular volumes of 97 patients were analyzed
using magnetic resonance arthrograms.® Interestingly,
female patients were found to have a larger ratio of cap-
sular volume to femoral head volume compared with
male patients, providing a possible explanation for the
known prevalence of hip joint hypermobility in female
patients compared with male patients. Pontiff et al ex-
amined the differences in perceived function and quality
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of life outcomes in females with and without general-
ized joint laxity (GJL) prior to and 6 months following
hip arthroscopy for FAI syndrome.** Differences in self-
reported hip function were not identified preoperatively
or 6 months postoperatively, suggesting that GJL has no
effect on worse self-reported hip function and quality of
life outcomes perioperatively for arthroscopic treatment
of FAI syndrome in the female population.® This is the
first prospective study to examine the effect of laxity on
patients who undergo surgical treatment for intra-artic-
ular hip pathology.®* While little data exists, the lack of
differences in group outcome scores may be attributed
to limitations of having a single postoperative follow-up
and the use of a laxity score index not specific to the hip
joint.** Identification of variables such as generalized
joint laxity should continue to be explored, along with
adjusting the course of postoperative care to modulate
improved outcomes in females after hip arthroscopy for
FAI syndrome.*

Female sex was also shown by Lee et al* to be predic-
tive of a longer recovery time after arthroscopic hip sur-
gery for the treatment of common hip disorders. This
correlates with a study by Boyd et al,** which showed
that longer durations of follow-up increased recovery
time and ultimately offset differences between sexes in
functional outcomes postoperatively from arthroscopic
hip surgery. As such, further reducing recovery time
may optimize functional outcomes with short-term
follow-up and more emphasis directed toward rehabili-
tation protocols within a specified time interval should
be considered. Likewise, Joseph et al demonstrated
that functional improvements plateaued 6 months after
hip arthroscopic surgery.” A greater understanding of
physical impairments and activity limitations may aid
in the effects of future physical therapy protocols and
potentially minimize the discrepancy in hip functional
outcomes when comparing males to females after hip
arthroscopy for FAI syndrome.®

FUTURE DOMAINS OF RESEARCH

Sexual dimorphic features associated with FAI treat-
ment and outcomes are multifactorial and include fac-
tors such as hip morphology, management including
conservative and surgical options, and patient-reported
outcomes. Future domains of research should include
randomized control trials that examine treatment effects
on FAI syndrome and consider whether conservative
treatments are a viable and/or a preferable alternative
to surgical interventions.®® Current evidence support-
ing surgical and conservative interventions for FAI
syndrome is based on low-level research. Moreover,
multicenter randomized controlled trials are needed to
help establish the value of these interventions in the
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management of FAI syndrome. Such trials will also help
define appropriate clinical pathways to further differ-
entiate sex-specific treatments and ultimately improve
functional outcomes.®"*
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Case Report: Unilateral

Paresis of the

Abdominal Wall with Associated

Thoraco-Lumbar Pain

Maria Francisca Elgueta, MD  Gaurav Gupta, MD, FRCPC

Nina Nan Wang, MD

A 53-year-old male with unremarkable past medical his-
tory presented with a new onset left lower abdominal
wall swelling and pain. The pain radiated from his back,
into the left iliac crest, groin, and testicle region. Patient
reported a history of performing heavy physical work 2
weeks prior to presentation, and felt an unusual sensa-
tion in the left thorocolumbar region when lifting a stone.
The pain progressively worsened over time and was ex-
acerbated with weight-bearing activities such as standing
and walking. Valsalva maneuver also increased the pain
intensity, while traction relieved it. Patient’s sleep was
interrupted due to pain and symptoms were worse in the
left lateral decubitus position. Aside from nausea with
standing, there were no other gastrointestinal, urologic,
neurological, inflammatory, or constitutional symptoms.

Physical examination revealed a sizeable left lower ab-
dominal quadrant bulge/prominence which disappeared
when recumbent and when extending to the right pos-
terior quadrant (Figure 1). There was restricted range
of motion in flexion and left lateral bending. There was
significant left paralumbar muscle spasm extending to
the thoraco-lumbar junction and tenderness over the ili-
ac crest and posterior superior iliac spine. There was no
specific tenderness to any one particular spinal segment.
No neurological abnormalities could be detected, sensa-
tion over the left lower abdominal region was normal.

Upon initial presentation to the emergency room, the
principle diagnosis was left inguinal hernia and me-
chanical low back strain for which he was referred to
both general surgery and physiotherapy. Attempts at
spinal manipulation did not relieve the pain; however,
intramuscular stimulation helped ease the muscle spasm.
The pain was controlled with ibuprofen 400 mg po tid
prn and hydromorphone 1 mg po g4h prn.

Ultrasound of the left lower abdominal wall showed ab-
sence of inguinal hernia. An electromyographic study of
the left lower abdominal wall was negative for signs of
axonal denervation. An MRI of the lumbar spine showed
a large disc herniation/sequestered disc fragment within
the left lateral recess and left foraminal region at L1-L2,
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with significant narrowing of the left neural foramen and
impingement on the exiting left L1 nerve root (Figure 2).

His pain resolved over a period of 3 weeks, and 3 months
later his abdominal herniation disappeared. Spinal de-
compression surgery was not deemed necessary given
the clinical improvement.

True abdominal hernias are the result of the protru-
sion of abdominal cavity contents through an opening,
tear, or weakness in the abdominal wall musculature.!
Abdominal wall bulging is the result of segmental de-
nervation of abdominal muscles that can mimic a true
abdominal hernia, and the patient could be exposed to
unnecessary surgery.

Abdominal muscles such as rectus abdominis, oblique,
and tranversus abdominis, are innervated by the lower 6
thoracic nerves iliohypogastric and ilio-inguinal nerves.
Any pathology that affects these nerves could cause ab-
dominal wall pain and bulging of the abdominal wall,
mimicking a true abdominal hernia. In our case, the pa-
tient had a L1 nerve root compression, the ventral ramus
of L1 divides into iliohyoogastric and ilioinguinal nerves,

Figure 1. Panel A shows the left lower quadrant bulge (arrow).
Panel B shows reduction of the bulge in lumbar extension/
right side bending.
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clinical entities in mind during evaluation, unnecessary
surgery can be prevented and appropriate work up and
treatment can be provided.

both in charge of supplying the innervation of the lower
segments of the transversus abdominis and the internal
and external oblique muscle.” Thus, a far lateral lumbar
disc herniation at L1-L2 can also present with abdomi-
nal pain and weakness causing abdominal wall paresis
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Application of High Energy Extracorporeal
Shockwave Therapy on Musculoskeletal
Conditions in US Military Medical Facilities

ABSTRACT

CPT Sally Corey, MC, USA

LTC Terry Mueller, MC, USA

COL (Ret) John Bojescul, MC, USA
Craig Cameron, DO

Outcomes of extracorporeal shockwave therapy (ESWT) vary due to the heterogeneity of application protocols
and patient characteristics. United States military medical facilities offer a unique environment to study the
effects of ESWT due to the large use, consistent protocol, and ability to care for young active individuals. A
retrospective review was conducted from November 2008 to March 2015 to assess types of musculoskeletal
conditions treated by ESWT in US military medical treatment facilities, the demographics of patients treated
with ESWT (age and gender), the trend throughout the time in question, and the protocols implemented. A
literature review was performed to compare the use in US military facilities to reported data. In this study we
report how US military medical facilities are using ESWT to treat musculoskeletal conditions and outcomes
reported in literature. The purpose of our research is to raise awareness of this treatment modality and areas for
further research within the US military medical facilities.

High energy extracorporeal shockwave therapy (ESWT)
is FDA approved for lateral epicondylitis and plantar
fasciitis; however, there are several other off-label uses.!
Objective results are difficult to assess due to the vari-
ety of outcomes reported and protocols used in treating
patients. United States military medical facilities treat
young adult athletes with various musculoskeletal con-
ditions. The goal of this study is to assess how US mili-
tary medical facilities are using high energy extracorpo-
real shockwave therapy on musculoskeletal conditions
in comparison to those reported in the literature in order
to find areas for future research and utilization.

MATERIALS AND METHODS

Approval was obtained from the Eisenhower Amy
Medical Center institutional review board prior to the
performance of this study. All data was de-identified of
patient identifiable information by an outside source pri-
or to analysis. From November 2008 to March 2015, all
applications of high energy extracorporeal shock wave
therapy (ESWT) produced by an electrohydraulic de-
vice, OssaTron (High Medical Technology, Alpharetta,
GA), were recorded. Data was collected from 22 differ-
ent medical treatment facilities within the US military
including Army, Air Force, and Navy bases. Although
a specific treatment method was not described by each
facility included in this study, the method used by the
authors of this article is illustrated in Figure 1. The treat-
ment area of maximal tenderness on each patient was
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marked in the preoperative holding area. The patient
underwent conscious sedation performed by the anes-
thesia staff. Hearing protection was placed on the patient
as well as all others in the operating room. Ultrasound
gel was applied to the patients marked extremity. The
area was held under the OssaTron applicator and rotated
slightly to apply even treatment to the entire area. The
patient was awakened from anesthesia and discharged
with instructions to abstain from strenuous activities of
the treated extremity and to avoid ice and anti-inflam-
matory medications for 4 to 6 weeks.

Data was collected including the indication for ESWT
treatment, laterality, patient demographics (age and gen-
der), and the protocol used. The data was analyzed for
the most common indications treated, typical protocol
used for each indication described by kilovolts (kV)
and number of shocks, and patient demographics asso-
ciated with each indication. Descriptive statistics were
performed using Microsoft Excel, 2013. A literature
review was conducted using PubMed by searching for
“extracorporeal shockwave therapy” and musculoskel-
etal conditions, such as “lateral epicondylitis,” “plantar
fasciitis,” etc. Results were compared to data collected
in US military medical facilities.

RESULTS

United States military medical facilities performed 4,766
applications of high energy during the period studied.

http://www.cs.amedd.army.mil/amedd_journal.aspx
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The facility where this research was synthesized per-
formed 806 applications of ESWT by 4 different ortho-
pedic providers and 2 different podiatric providers, who
performed the majority of the procedures. The majority
of patients treated at US military medical facilities were
male (64%) with an average age of 40.5 years (range
15 to 87, median=40.1). Fifty-four different indications
were described by the treating providers; however, not
all indications are defined by ICD-9 or ICD-10 codes.
Some indications were grouped together for ease of
trending data (eg, “plantar fasciitis” and “arch tendon-
itis” were categorized as “plantar fasciitis”). The trend
of applications is increasing as illustrated in Figure 2.
Most patients were treated with 1,500 shocks at 18 kV.

The most common indication for high energy ESWT
was plantar fasciitis (78% of all applications). Although
almost 70% of patients were treated with 1,500 shocks
at 18 kV, many other protocols were implemented in the
treatment of plantar fasciitis. The average age of patients
treated for plantar fasciitis was 40.4 years.

The next most common condition treated was achilles
tendonitis, which included 13% of applications. The
most common protocol performed was 1,500 shocks
at 18 kV (420 of 605 applications); however, 88 patients
were treated with 2,000 shocks at 24 kV. Ninety-two
percent of the patients were aged 20 to 60 years, with an
average age of 42.1.

Lateral epicondylitis was the third most common indica-
tion for high energy ESWT, involving 3% of the patients
included in this study. The average age of the patients
was 45.6 years. Patellar tendonitis represented 2% of pa-
tients treated in US military medical facilities. Most of
those patients (92%) were aged between 20 to 50 years,
with an average age of 32.3.

Additional indications treated were grouped as ankle
tendonitis, sesamoiditis, metatarsalgia, delayed union/
non-unions, neuromas, and other. The widest variety
of protocols utilized was described in the treatment of
fracture non-unions and included 1,000 to 8,000 shocks
at 15 kV to 28 kV. Most ankle tendonitis was treated
with 2,000 shocks at 24 kV. Seven out of the 12 patients
with neuromas were treated with 2,000 shocks at 24 kV.
Although the most common protocol utilized for the
other indications treated was 1,500 shocks at 18 kV, the
less commonly treated indications had a wider variety
in treatment protocols.

COMMENT

The effects of ultrasonic shockwaves on the human body
were originally discovered during submarine warfare in
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The area of maximal tenderness is marked in the preoperative
holding area while the patient is awake.

\ =
The patient undergoes conscious sedation. The patient, opera-
tor, and anesthesia provider wear ear protection. Ultrasound gel
is applied to the marked area.

The marked area isheld to the OssaTron device and rotated
slightly to apply treatment to the entire marked area.

Figure 1. The normal treatment method for high energy
extracororeal shock wave therapy used by the authors at
the Eisenhower Army Medical Center. The method is repre-
sentative of procedures used at other US military medical
facilities.
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World War I1. Its use in medicine began in 1971 to disin-
tegrate kidney stones, known as lithotripsy. Research on
orthopedic applications began in 1985 and in 1988 shock
wave treatment was first applied for non-unions and de-
layed unions. The OssaTron was developed in 1993 to 1200
expand the indications of extracorporeal shockwave use
to other musculoskeletal conditions.?

1300

Shockwaves are generated 3 ways: electrohydraulic, 1100

electromagnetic, and piezoelectric. All 3 methods of
creating shockwaves have the same general principals.
Acoustic waves are generated, propagated through wa- 1000
ter, and transferred to the human body through a contact
medium.’ The exact effect on tissues of the human body
is still unknown. Theories propose that ESWT induces
the release of growth factors to promote angiogenesis
and differentiation of mesenchymal stem cells, and pro-
vides hyper-stimulation analgesia.*

900

800
A literature review yields plantar fasciitis as the most

reviewed indication for ESWT application. Most stud-
ies indicate that shockwave therapy improves symptoms
of plantar fasciitis in comparison to placebo.’'” Despite
many reports on the benefits of ESWT, adverse effects
also occur. Haake et al found no significant improve-
ment in symptoms between patients treated with ESWT
and a control group. In addition, the treatment group
had more side effects including skin reddening, pain,
hematoma, local swelling, hair loss, nausea, dizziness,
and sleep loss.”® A systematic review by Thomson et al
had similar conclusions."”

700

600

Number of Applications

500

Previously reported results may not be applicable to 400
patients treated in US military medical facilities due to
various protocols and techniques used for application.
The most relevant literature pertaining to the population
in this study includes research performed by Ogden et
al,>® Wang et al,'® Alvarez,”” and Weil et al,* as they
also used the OssaTron to deliver ESWT. In 2001, Og-
den reported 56% improved symptoms in comparison to 200
placebo, which led to FDA approval of ESWT applica-
tion to chronic plantar fasciitis.” Wang found that the
benefits of ESWT can last as long as 60 to 72 months.!'

All of the studies cited above involved use of a local an-
esthetic in addition to or instead of general anesthesia.
However, not all US military medical facilities use lo- 0
cal anesthesia as allowed under current protocol. Since 2008 2009 2010 2011 2012 2013 2014
plantar fasciitis is the most commonly treated condition Year

in US military medical facilities. future studies on out- I Plantar Fasciitis [l Achilles Tendonitis [] Lateral Epicondylitis

Jo. . . > K . . I Patellar Tendonitis [ ] Metatarsalgia [] Sesamoiditis

comes could indicate if patients have improved immedi-

. : ["] Ankle Tendonitis [ ] Non-union B Neuroma [l Other
ate outcomes with local anesthetic compared to general
anesthesia. Results of such study could greatly decrease
the cost of using ESWT.

Figure 2. Trend of extracorporeal shockwave application. Indi-
cations listed in decreasing order (left to right).
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The next most prevalent indication for ESWT applica-
tion in our study was achilles tendonitis. Most studies
on the application of low-energy ESWT for achilles ten-
donitis support its use.?** Chen et al found that low-
energy ESWT promotes TGF-81, and IGF-1 to improve
healing of the achilles tendon.”> A literature review
found no previous studies on the use of the OssaTron
for achilles tendonitis, however some research exists on
the use of other high energy ESWT devices. In 1998, a
study by Rompe et al found that high energy therapy
greater than 0.28mJ/mm? may actually cause damage
to tendons; however, that study was performed on rab-
bits and may not be applicable to humans.* Studies by
Furia?’*® on the use of high-energy ESWT in treating
insertional and non-insertional achilles tendinopathy
found improvement in outcomes after one year. These
studies used electromagnetic generation of shock
waves.?"?® Costa et al* also used electromagnetic shock
waves and found contradicting data in their randomized
control trial with no improvement in pain and 2 cases
of tendon ruptures.” Overall, data on ESWT for Achil-
les tendonitis remains inconclusive, and no studies have
been performed using the same technique as used in US
military medical facilities.

The second largest amount of research on the effects
of ESWT was focused on lateral epicondylitis. In 2009,
Buchbinder et al, conducted a systematic review analyz-
ing 9 different randomized controlled trials on the use of
ESWT for lateral epicondylitis and found no significant
difference between symptoms after ESWT and placebo,
and increased adverse effects with the use of ESWT. All
studies included in their paper had various protocols,
devices, and follow-up.* Results of other studies have
been inconclusive or shown to have no effect.’’*° Most
of those studies used low-energy ESWT.

Studies using electrohydraulic high-energy shockwave
have shown more positive results. Collins, Hildreth,
and Jafarnia®” performed a randomized controlled trial
investigating the results of the OssaTron on lateral epi-
condylitis. The treatment group received a Bier block
followed by ESWT with 1,500 shocks at 18 kV. After 8
weeks, 40% of patients in the treatment group met crite-
ria of “success” compared to 21% in the placebo group.*’
Studies performed using the OssaTron for lateral epi-
condylitis were also performed by Wang and Chen* and
Ko and Chen,” with improvement of symptoms with
no long-term complications. A systematic review per-
formed by Stasinopoulos and Johnson*® concluded that
the treatment of lateral epicondylitis with ESWT may be
dose dependent and the optimal treatment protocol has
not yet been determined.
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Another common indication for ESWT in US military
medical facilities is patellar tendonitis. Wang et al*' pro-
vide the only literature on high energy electrohydraulic
ESWT and found excellent results in 43% of patients 2
to 3 years after treatment in the ESWT group, where-
as no excellent results were found in the control group.
Zwerver et al* performed an interesting study looking
specifically at the results of high energy ESWT in ath-
letes during the competitive season. They found no long-
term benefits to ESWT; however, there was a significant
difference favoring the treatment group at one-week
follow-up. Most other studies describe improvement in
symptoms after treatment with ESWT.*-% A systematic
review performed by van Leeuwen et al*® concluded that
although ESWT is effective in treating patellar tendonitis,
the most effective protocol has not been determined.*®

In our review, treatment of non-unions showed the
most variation in ESWT protocols. Several studies have
looked at the effects of various ESWT dosages and tim-
ing of treatment in the management of non-unions with
satisfactory results.*° A study by Alkhawashki®! de-
scribed the use of the OssaTron in the treatment of non-
unions. By performing 3000-4000 shocks at 26 kV for
large bones and 2000-3000 shocks at 26 kV for small
bones, healing occurred in 37 of 49 patients at 10.2
months follow-up.”! ESWT has been shown to have bet-
ter results on hypertrophic non-union with a 76% union
rate compared to a 29% union rate in atrophic non-
unions.*? Despite these findings, Kuo et al*® performed
a retrospective review on 22 patients with atrophic non-
union of femoral shaft fractures after intramedullary
fixation was performed and found a 100% union rate at
12 months after ESWT if ESWT was performed within
12 months after the initial surgery compared to 43%
union rate when ESWT was performed greater than 12
months after the initial surgery. They concluded that the
timing of ESWT application may matter.>

ESWT is most commonly used to treat conditions of
tendons and bone; however, it has also been described
to treat neuromas. Fridman et al** describe using the Os-
saTron to treat Morton’s neuromas with 2,000 shocks at
21 kV. Patients treated with ESWT had a 92% improve-
ment in pain 12 weeks after treatment in comparison to
76% in the control group.** United States military fa-
cilities also applied ESWT on neuromas; however, they
used 2,000 shocks at 24 kV. Outcome measures could
further describe the optimal intensity of treatment.

Other conditions treated with ESWT by US military

medical facilities include several types of tendinopathy
in the ankle, metatarsalgia, and sesamoiditis. To our
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knowledge, there is no literature available describing
treatment of these areas.

Evidence exists describing the use of ESWT on multiple
other musculoskeletal conditions, such as avascular ne-
crosis of the femoral head,**® anterior cruciate ligament
reconstruction,’” chronic foot ulcers,”® knee osteoar-
thritis,” and complex regional pain syndrome.® Some,
though not all, of these conditions have been treated with
ESWT in US military medical facilities. Most outcomes
in the literature on these indications illustrate that this
treatment modality may be beneficial to expedite heal-
ing and prolong or even decrease the need for surgery in
these conditions.

Several studies describe the use of ESWT on the shoul-
der including calcific tendonitis and rotator cuff ar-
thropathies with good results.®’”! Only 3 applications
of ESWT to the shoulder were recorded in US military
medical facilities.

Reports on treatment outcomes vary regarding the ef-
fectiveness of ESWT. Although electromagnetic, piezo-
electric, and electrohydraulic ESWT have the same gen-
eral principles, differences exist in the amount and way
of energy creation and transmission to the body.'’>"
Research on ESWT differentiates between focused and
unfocused and between high, medium, and low energy
shockwaves. These differences may help explain the
variability in outcomes observed through the literature.

US military medical facilities offer a solution to the
inconsistency of treatment protocols. In 2008, the Os-
saTron became the sole device to provide high energy
ESWT on musculoskeletal conditions in US military
medical facilities, which improves the uniformity of
treatment protocols.

United States military medical facilities service a large
population of generally athletic individuals who fre-
quently encounter overuse injuries and would benefit
from an expedited return to duty. Future studies are
needed to assess the most efficacious protocol and vali-
date results previously described.

Several limitations exist to this study. First, not all indi-
cations as described by providers were represented as an
ICD-9 or 10 diagnosis code. Although the technique of
application of ESWT is assumed to be consistent among
providers, variations certainly exist. Providers perform-
ing ESWT in this study included orthopedic surgeons
and podiatrists, which may overestimate use on foot and
ankle conditions. The final limitation of this study is
that it does not include outcomes, but suggests areas in
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which future research on the outcomes of ESWT can be
performed in US military medical facilities.

CONCLUSION

US military medical facilities perform ESWT on indi-
cations not previously described in the literature. Due
to the large use of ESWT and homogeneity of patient
populations and protocols within the US military facili-
ties, there exists great potential for future prospective
studies on the outcomes of ESWT application on mus-
culoskeletal conditions to determine effective protocols
for active individuals and to expand the indications for
ESWT application in the literature. Encouraging the ap-
plication of ESWT in US military medical facilities on
indications supported by literature may improve healing
and decrease the need for surgery in certain conditions.
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Animal Derived Thiol Induced Work
Exacerbated Asthma: A Brief Case
Report of a Unique Workplace Hazard

ABSTRACT

LTC John W. Downs, MC, USA
Joshua M. Renshaw, MS

A 33 year old female healthcare worker with a history of cough variant asthma presented with 2 weeks of dys-
pnea and cough that she believed to be due to recurring exposure to skunk spray in her work environment. The
employee was working in a temporary structure outside the primary hospital campus. During the preceding
2 weeks, at least one striped skunk was observed multiple times by staff members to be crawling under the
structure. The employee’s symptoms were not initially considered serious by her supervisors who felt that the
appreciable “skunk smell” was merely a nuisance odor. Repeated pre- and postexposure spirometry noted a 350
mL and 11% reduction in forced expiratory volume at one second (FEV1). A review of organic chemistry lit-
erature found that 2 thiols, also known as mercaptans, produced in striped skunk spray are structurally related
to 1-butanethiol, a chemical workplace hazard and known respiratory irritant with established occupational
exposure limits. The observation of the chemical similarities between these skunk-derived thiols and work-
place thiols was the key factor in getting the employee temporarily removed from a hazardous, albeit unique,

working environment.

CASE REPORT

A 33 year old female healthcare worker with a history
of cough variant asthma presented to the occupational
health clinic with 2 weeks of dyspnea and cough that she
believed to be due to recurring exposure to skunk spray.
The patient reported that her asthma was typically well
controlled requiring use of a short acting bronchodila-
tor only twice per year for the past 6 years. Two weeks
prior to presentation, she and coworkers began notic-
ing the distinct odor of skunk spray in the temporary
clinic building in which they were presently working
while their usual location in the main hospital facility
underwent renovations. They also witnessed at least one
striped skunk traveling under the structure. Repeated
attempts by pest control authorities to trap and remove
the animal(s) had been unsuccessful. Several coworkers
had experienced eye irritation, nausea, and headaches
after working in the building, but no others experienced
respiratory effects.

The patient’s initial physical examination at presenta-
tion was remarkable for witnessed conversational dys-
pnea, but without any obvious adventitious sounds on
lung auscultation. Initial spirometry showed a forced ex-
piratory volume at one second (FEV1) of 2.97 L (92% of
predicted NHANES III reference values); however, the
patient had used her levalbuterol bronchodilator short-
ly before presenting for evaluation. The patient opted
to take a day of sick leave before the weekend, which
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allowed her to have 3 days away from work. The fol-
lowing Monday, she presented for follow-up evaluation.
She reported resolution of symptoms within 12 hours
of leaving the temporary clinic, and denied any use of
bronchodilators over the weekend. Before this visit, she
had worked for less than an hour in the area where the
skunk odor persisted. Spirometry at this time noted an
FEVI of 2.62 L (81% predicted). Based on this objective
reduction in respiratory function, we recommended to
her supervisors that she be temporarily removed from
the current work environment, at least until the reported
skunks could be captured and removed. Unfortunately,
this did not occur immediately and the patient contin-
ued to complain daily of cough and dyspnea beginning
within one hour of starting work in the temporary clinic
building. She managed to work through the day with
3 to 4 bronchodilator administrations each day. The
upcoming weekend included a holiday, and the patient
spent 4 days away from work over a holiday weekend.

In the interim, occupational health and industrial hy-
giene conducted a review of organic chemistry litera-
ture to better understand what, if any, possible respi-
ratory or mucus membranes irritants were contained
within striped skunk spray that might explain the pa-
tient’s presentation. This review found that 2 thiols, (E)-
2-butene-1-thiol and 3-methyl-1-butanethiol, are primar-
ily responsible for the odor of striped skunk spray."* Thi-
ols are organic compounds containing a carbon-bonded
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sulthydryl (R-SH) group that were historically known as
mercaptans.' The structurally related thiol 1-butanethiol
(also known as 1-butyl-mercaptan) is known to have a
potent skunk-like odor with a low detection threshold,
and was once believed to have been the primary thiol in
skunk spray.'? As such, it has found use as an additive to
natural gas to provide the putrid odor for leak detection,
and may also be used as an industrial solvent.* 1-buta-
nethiol has established occupational exposure limits by
both the Occupational Safety and Health Administration
and the National Institute for Occupational Safety and
Health and is a known mucus membrane and respiratory
irritant.” Researchers from the California Environmen-
tal Protection Agency had also previously hypothesized
that the release of butyl mercaptan, a known degrada-
tion product of cotton defoliants, may have contributed
to an increased proportion of respiratory-related mortal-
ity in cotton-growing areas of the San Joaquin Valley.®

The patient returned for follow-up and pre-exposure
spirometry following her 4-day absence from the tem-
porary clinic. At this visit, she reported again cessation
of symptoms after 12 hours outside the clinic, but stat-
ed she had return of cough and subjective dyspnea for
about one hour after passing through skunk odor while
driving in a rural area. She required no bronchodilator
use during this 4-day absence from the temporary clinic.
Pre-exposure spirometry was obtained, and the patient
was noted to have an FEV1 of 2.97 L (92% predicted)
again. She then returned to work in the temporary clinic.
Within one hour of exposure, the previously reported
developed cough and subjective dyspnea resumed.
She then returned, as instructed, to the occupational
health clinic after approximately 4 hours of work and
before using her bronchodilator. A repeat postexposure
spirometry found the FEV1 to be at 2.62 L (81% pre-
dicted), again noting a 350 mL and 11% reduction in
FEVI1. After this second documented detriment in FEV1
following presumed exposure to the noted skunk odor,
we obtained permission from the patient to discuss the
findings with her supervisors in order to help them un-
derstand why the patient was becoming ill at work. We
informed the patient’s supervisors that she displayed ob-
jective evidence of respiratory decline upon returning
to the temporary clinic environment, and that we had
determined that components of the skunk spray were
very likely to cause respiratory irritation at sufficient
concentrations. After providing this information, man-
agement agreed to relocate the patient to an alternate
clinic area until either the skunk(s) could be trapped or
until the clinic moved back into its permanent location
inside the main hospital facility. Respiratory protection
was considered with organic vapor cartridges, but this
was rapidly dismissed as unfeasible due to the potential
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for alarming clinic patients with its appearance, and the
reduced ability to communicate. Upon being moved to
the alternate clinic facility, the patient again noted ces-
sation of dyspnea, cough, and bronchodilator use within
12 hours after removal from the skunk odor. Pest con-
trol efforts continued in the coming weeks at trapping
and removal of the skunk(s), but were apparently not
successful.

A follow-up visit after working in an alternate clinic for
one week found the patient’s FEV1 to be 2.90 L (90%
predicted) and she had not required bronchodilator use
in 6 days. She continued to report no recurrence of cough
or dyspnea since no longer being exposed to the skunk
odor. Six weeks later, she returned to working with her
primary clinic when it was moved back to its location
within the main hospital. Symptoms have not returned
in the months since return to the primary clinic location.

COMMENT

Work-exacerbated asthma has been reported to occur
in up to 25% of working persons with asthma.” Health-
care workers are a recognized occupation at risk for
work-exacerbated asthma, traditionally due to the use
of compounds such latex, formaldehyde, glutaralde-
hyde, chlorhexidine, antibiotics, and detergent enzymes
in healthcare.”® Thiols would not generally be expected
to contribute to work-exacerbated asthma in healthcare
workers. However, in this case, we postulate that given
the structural similarities among the thiols associated
with industrial use and the thiols created in skunk spray,
it is likely that the patient experienced thiol-induced re-
spiratory irritation which exacerbated her underlying
asthma, initiated symptoms of cough and dyspnea, and
induced mild airway obstruction.

Available literature on the specific toxic effects of striped
skunk spray in humans is very rare, aside from the ex-
pected anecdotal comments about its repulsive odor
and resultant success as a deterrent. One physician in
rural 19th century Virginia reported a single instance
of a schoolboy prank gone wrong when 2 students held
down another student, and forced him to inhale from a
bottle of “perfume from the skunk or pole-cat.”” The
physician related that the forced inhalational exposure
of skunk musk resulted in “A total unconsciousness,
relaxation of muscular system, extremities cool, pupils
natural, breathing normal, pulse 65, temperature 91°;
in which condition he remained for one hour.” Indeed,
1-butanethiol is also recognized as a central nervous
system depressant.’ The veterinary literature suggests
that at least canines may be susceptible to a skunk thiol
induced hemolytic anemia, but no similar reports are
noted in the human medical literature.'
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ANIMAL DERIVED THIOL INDUCED WORK EXACERBATED ASTHMA:
A BRIEF CASE REPORT OF A UNIQUE WORKPLACE HAZARD

We believe this to be the only reported case of skunk
thiol irritant-induced, work-exacerbated asthma. Al-
though this is a likely an exceedingly rare occurrence
and possibly unique to this particular patient, we felt it
appropriate to report this observation as both manage-
ment and coworkers initially found it difficult to take
the patient’s respiratory complaints seriously. They be-
lieved that the odor was “just a bad smell” and could not
possibly have deleterious health effects on workers. It is
possible that similar effects could be observed in occu-
pations with greater likelihood of skunk exposure, such
as pest control or wildlife management authorities. Our
observation of the chemical similarities between skunk-
associated thiols and thiols that are known occupational
chemical hazards was a key factor in getting the patient
removed from what we believed to be a hazardous, al-
beit unique, working environment for this patient. This
case is also a reminder that the investigation of poten-
tial causes of occupational asthma or work-exacerbated
asthma may require a multidisciplinary approach with
occupational medicine, industrial hygiene, safety offi-
cers, and pulmonary medicine.
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Institution of Military Working Dog Physical
Profile Record to Clarify Medical Readiness

Category Status

ABSTRACT

CPT Sean P. Curry, VC, USA
CPT Jeremy W. Lewis, VC, USA

The current medical readiness category (CAT) status system used for military working dogs (MWDs) simply out-
lines the deployability of an MWD. This system, however, does not detail any other restrictions or the reason for
assigning the current CAT status. The question is often raised as to whether the MWD can continue to work and
perform everyday duties despite not being a CAT I. Using the Physical Profile Record system established for human
providers, a system was adapted for MWDs. This system will allow Veterinary Corps Officers (VCOs) to give spe-
cific instructions to the handler and owning unit about the nature, progression, and details of injury or dysfunction
beyond the CAT status. Furthermore, the ability to track chronic conditions and duration of illness will increase

overall readiness of a kennel.

The purpose of this project is to further expand the cur-
rent medical readiness category (CAT) status pohcy as

will provide a physical document in the MWD record
that can be referenced for historical problems, especially

outlined in the DOD meny
lines for Military Worki
randum outlines the CA
ing deployability of the

of treatment for medical

memorandum does not al
(VCOs) to expand upon t
tations to the MWD’s wa
of the MWD often wants

This Article Retracted
By Publisher
February 14, 2019

pf the MWD Physical Pro-
inst its human model and
integrate it.

lith integrating the MWD
le MWD record. Training
s currently accomplished
s using both online and

is during the evaluation and treatment process that mis-
communication can occur between the VCO and owning
unit. Does CAT III mean no work at all? Can the MWD
perform specific duties (limited searches, physical pref-
erence/deterrence, etc.)? Can the MWD negotiate the ob-
stacle course? The proposed MWD Physical Profile Re-
cord shown in the Figure provides a two-page document
in which the VCO can clearly outline the injury, perma-
nent or temporary profile, limitations of work, treatment,
and expected return to duty while providing a deeper
insight to the assignment of CAT status. The document
also provides for tracking of days where physical restric-
tions exist, potentially highlighting the need for deeper
inquiry or initiation of the disposition process.

The goal in the development of this MWD Physical Pro-
file Record is worldwide integration into the MWD re-
cord. The MWD Physical Profile Record will provide
a physical form to which both the VCO and owning
unit can refer that is more readily understood by com-
manders. Integration will expedite return to duty and
increase overall readiness of a kennel. Furthermore, it

*Internal military document not readily accessible by the general
public.
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ing for this system can be
aaafWemnamsysrellm outlined in Army Regu-
lation 40-501: Standards of Medical Fitness. Explanation
of use of the form will be required to ensure understand-
ing by VCOs. This can be accomplished through the use
of teleconferences and in-person seminars. The VCOs
can then instruct the MWD owning units of its use.

SUMMARY

There is currently a lapse in understanding between
VCOs and MWD owning units as to the limitations of
the CAT status system. The CAT statuses do not fully
explain what an MWD can and cannot do while on any
status other than CAT 1. As a result, miscommunica-
tions often occur, which can delay or even cause regres-
sion in a treatment plan. The MWD Physical Profile
Record will fill that gap and improve communication
through the use of a physical form to which both the
VCO and owning unit can refer. Implementation will in-
crease return to duty and overall readiness of a kennel.
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INSTITUTION OF MILITARY WORKING DOG PHYSICAL PROFILE RECORD
TO CLARIFY MEDICAL READINESS CATEGORY STATUS

MWD PHYSICAL PROFILE RECORD

SECTION 1: MWD/UNIT INFORMATION

1. MWD NAME 2. TATTOO 3. AGENCY/BRANCH

4. UNIT, ORG, STATION 5. CERTIFICATION

SECTION 2: PERMANENT PROFILE

6. REASON FOR PROFILE 8.VCO 9. APPROVING AUTHORITY | 10. DATE
7 PIU|L|IE|S
Combined PULES 11. CAT STATUS (Circle ONE)
1 2 3 4
SECTION 3: ACTIVE TEMPORARY PROFILE(S) AS OF:
12. REASON FOR 13. SEVERITY [14. MECHANISM |15. EXPECTED |16. DAYS ON |17.VCO
PROFILE OF INJURY/ RETURN PROFILE
ILLNESS DATE

18. TOTAL DAYS ON TE 5 (Circle ONE)

zvontis | This Article Retracted | s -

DATE By Publisher

SECTION 2.

et February 14, 2019 gaysnme

Pl T

a. Physically able to walk without assistance?

b. Physically able to walk or run without evident pain?

c. Physically able to hup or jump into and out of vehicles unassisted?

d. Mentally and/or physically able to function without medication?

e. Able to perform daily duties outside kennel without heat stress?

f. Live and function, without any restrictions in any geographic or climate area without worsening?

21. ADDITIONAL PHYSICAL RESTRICTIONS:

Proposed Military Working Dog Physical Profile Record (1 of 3, continued).
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SECTION 5: MEDICAL INSTRUCTIONS TO UNIT (Permanent instructions highlighted)

22. MEDICATIONS, PHYSICAL THERAPY PLAN, KENNEL CARE, ETC.

SECTION 6: MWD PHYSICAL TRAINING AND DETECTION

PERMANENT TEMPORARY
23. EVENT YES NO YES NO
OB COURSE [ ] [ ] [ ] [ ]
BITE WORK [ ] [ ] [ ] [ ]
DETECTION [ ] [ ] [ ] [ ]

SECTION 7: MWD PHYSICAL TRAINING AND DETECTION CAPABILITIES

LAz aaarked SN g0 Soctiaon A reauire ovalanation)

OB COURSE (Certain

DETECTION:

24. ANNOTATE SPECIF Th|S Artic|e ?etracted
By Publisher
BITE WORK: February 74, 2019

DEPLOYABILITY:

TDY STATUS/ABILITY (Based on CAT status):

OTHER NOTES BY PROVIDER:

25. HANDLER/KENNEL REP (Rank, Last, First)

SIGNATURE

DATE

26. VCO NAME (Rank, Last, First)

SIGNATURE

DATE

Proposed Military Working Dog Physical Profile Record (2 of 3, continued).

July — December 2018

89



INSTITUTION OF MILITARY WORKING DOG PHYSICAL PROFILE RECORD
TO CLARIFY MEDICAL READINESS CATEGORY STATUS

Instructions for Each Block

Section 1: MWD/Unit Information

1. Military Working Dog’s (MWD) full name
printed.

2. MWD’s Tattoo number.

Branch of Service/Agency Name.

4. MWD’s Unit, Organization, and Station
location.

5. All certifications the MWD holds such as
patrol, explosive, etc.

Section 2: Permanent Profile
(Only to be completed if needed - skip this section if
temporary)

98]

6. Reason or injury leading to profile.

7. P- physical, U- front limb, L- hind limb,
E- eyes, S- behavior: Mark each section
with a CAT status indicating the region of
dysfunction. Example, MWD on Ritalin for

22

21.

Section 4: Functional Activities
20. Fill out letters a-f by placing an “N” in either

the Permanent (P) or Temporary (T) column.
If an “N” is placed in the P column then
section 2 must be completed.

Additional restrictions the VCO feels are
relevant to injury or profile not already
outlined above.

Section 5: Medical Instructions to Unit
22. Write anything important to completion of the

profile such as; any medications to include
dose and frequency, physical therapy plan
VCO has explained to handler, any special
kennel care requirements such as wearing a
cone at all times.

Section 6: MWD Physical Training and

Detection

Dl [T DS RPN N

8. Printed name of

9. Who is authorizi
other than VCO

10. Date profile was

behavior issues
This Article
By Pub
o ioi]  February -

Retracted
Isher
4,

< indicating the MWD’s
perform the given task

ach event will have both
porary marked in either

Training and
hbilities

2019 .
plain any event that was

(If permanent’ Skip this S VU LIVILD AU T1ITT UUlL oL lIivIll Ar}
12. Reason or injury leading to profile.

13. Mild, moderate, or severe based on how
debilitated the MWD presents.

How the injury occurred Ex. On patrol, OB
course, etc.

Expected return date to full active duty or
permanent profile status with no restrictions.

Days on profile to today (filling out of current
profile).

14.

15.

16.

17.
18.

VCO printed name.

Historical account taken from previous MWD
Physical Profile Records or MWD’s record:
fill in total days in last 12 and 24 months,
write today’s date.

19. CAT status for the temporary profile.

25.

HIdITKTU T INO, T OI' CXd Iuple, if the OB Course
was marked “No” in the temporary column,
explain why and if it all or just some of the
obstacles that are a “No.” Use this section to
explain the limitations of the MWD’s profile
and fill out all sections that are relevant. Is
the MWD not deployable, but still able to go
TDY?

Handler or Kennel Representative printed rank,
last name, and first name, signature, and date.

26. VCO printed rank, last name, and first name,

signature, and date.

Proposed Military Working Dog Physical Profile Record (3 of 3).
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